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L — Azomethine Derivatirc^ of the 2- and 
4 - H yd roxy-a- Xa pit t h > dd ( hyd e-v. 

By (Hi.nERT T. Mohoan and llAiUiV (LmhuN 

fiTK analogy Ijet’iveon a/.o- and azfinKTliiru-roiniJuiiiids lirst 
pointed out by Weil ISilT. 27. “L'H") aiv] .ilti-rw aixL; i’uitlier 

pamined by l\Idhlan [Bcr., ESCH. 28. oi’I: IMIS, 31. who 

prei'jai'ed, from ^)-nitrol)nn/.ald(‘hyd(' iml ihreo ol the ajninu- 
Sehiil condensation jn’odnets having the fontinh; 
S 0 ,yC^Hj*CHlX*(\„H( 5 d)H, and eMrresjxaidiiiii' i\it)i tin- lienzene- 
(120-7.- and -[i-naplulmls. X0,,-( ',jM ,-Nd.\A'^yll^/( Hi, 

• On investigaling the .'^olnbility of j;-nili'olHrizylifiene-4-arnino- 
a-naplitliol. Mdlilau found that thi^ .i/.oieet lour enn>])uund re- 
sembled ;Miiti’ohenzeneazo--/-n<iphtlio] i.n di.'-DlviiiLi readilv in 
cold dilute aqueou.s sodimn livdro.xide : p-nitroljm/ylidmu -l -aininn- 
|hiiaplitiiol dissolved rather niorf.' spariiiLiiv in aqucnis sodium 
^dro.xide. wlieiva - /Miitroljen/ viidi'!;e-2-atniiio-v;.na()]itfi()l was 
^lost insoluble in thi> I'eaienl. '['.he last ay.oinel hiiie derivative 
aecordi ugly reseni hies in (hir- res|;eet /j-nitrdhen/a'nrazn-'-.-ii.ipltthitl 
(para-H'd). which (ovos its teehnieai ap[»iieat it at largthy to its 
i^oiuhility in a(pu'uus alkidis. 

(liese experinienlal rT-nlts, .Ah-hlai; inlenvd liiat tin* 
Uiarkerl dilfenmee itelwerii the oil ho- and |>ara-series of azonapli- 
%)l>^ subsists to a etulain extenl in the ease of tin* eoiresjH)nding 
aaioniethine eompounds, XOyl^dlyi'HiXd’jyllyOll. We have now 
^ried tliU coinparisoii betweeii azo- and azoniethine-coinpounds 
■^VOL. CXXI. 
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a stage fijrther by examining the reactions of a series of Sohifl 
condensation products having the general formula 
XOyCyH,-X:CH-CioH6‘OH. 

The members of the now series, which are isomeric with Mdhlau’.x 
compounds, eontain the azomothine chromophorc reversed, as 
shown in formulae I and II ; they are prepared l)y condensing tin.- 
nitroanilincs with 2- and4-liydroxy-a-naphthaldehydos, the products 
obtained from p-nitroaniline having the following constitutions : 


,.ch:n 

/YNoh 

\/\/ 


\_/ 


NO, 


(I.) 


xh:n( )xo. 


OH 


(11.) 


4:-Ilydroxy-x-naphthyUdcnc--p-nitro(iniU}i€ (11} is very sparingly 
soluble ill cold aqueous sodium hydroxide, but its isoinerido> 
from I-liydroxy-a-naphtlialdehyde and o- and 7»-nitroanilinr> 
dissolve readily in cold 10 per cent, sodium hydroxide, giving; 
yellow solutions of the alkali salts, which slowly undergo hydrolysis 
into the generators of the azoniethine eomponnds. 

'2-Ily(bv.ry-x-naphthylid(ii(-])-j>ilroa)H(ii(( (I) aiut its two 
merides from o- and //enitroanilines and 2-hyflr(>xy-7-naplithal(!(. 
hyde arc insoluble in cold atjucous sodium liydroxide sohitinn. 
As ill tlie similar case of p-nitrolH'nzencazo-P.-naplithok the aciiliv 
character of the hydroxyl group is diminislu'd very appreciaiilv 
by its proximity to the azo- or azonietliine-chromojiliore. The 
analogy is not, ho\\'ever, \'erv cloec', for under moo' drastic Ireatmetu 
with stronger aqueous or aleoholie alkali hydroxide the o-hvdroxy- 
azomethine compounds undergo hydrolysis into their generators. 
The diminution in acidic character of the o-hvdroxy-azometliin. 
compounds may result from a quinonoid rcairangmnent corn- 
sponding with that assuinc'd to occur in tin* azo-l'i-naphthois i:. 
order to account for their insolubility in alkalis. 

,,^^CH,X’GgH^'X02 ^^GHXH'C ,jHpX()2 

/\0H 

(HI.) (iV.) 


/X'H'X:< 


XXO.dl 
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It is noteworthy that with azomethines derived filom o- and 
■j)-nitroani lines a double quinonoid chatige is possible, The latter 
configuration (V) would account for the more intense colorations 
developed by the ortho- and pora-nitro-cotn pounds in alcoholic 
sodium hydroxide solution or in conee til rated sulphuric acid. 
-Apart from these colour changes and the diflerence in solubility, 
' the l^ydroxy-azomethinc compounds have tlu^ general propcTties 
-of Schiff bases in regard to the action of hydrolytic agents and in 
;the formation of additive corn pounds. 

- One very distinctive pro])erty of the aromatic azomethine com- 
pounds is their capacit}'’ foi‘ eoinhining additiv(‘h' \s ith anhydrous 
hydrogeti c^mnide (von Miller and Plbehl, Ihr., 1892, 25, 20o(); 
d89S; 31, 2699). Ihis tendenc}" is diminished appreciably by 
dfio presence of acidic substituents in one or other of the two 
,:kromatic nuclei (Eibner, Atmakn, 1;S98, 302, .335), and sometimes 
ytlie presence of nitro-groups iiihihits the reaction completely 
.■(^lorgan, T., 1900, 77, 1210). in the present investigation, this 
■addition of hydrogen cyanide^ ^\as acliioved in every instance, 
although it was found that tlu^ reaction occurred much more slowly 
witli the _;wm-nitr()-eompounds (1 and II) than wWh their o- and 
^/oisoinerides. 'this diilVrence in ri'activity is probably due to 
more sparing solubility, which in turn would hinder the Tcversal 
of the dynamic changes indicated hy fortnuhe 111 to 

E X p ]■: i: I M i: \ t a l. 

i}(pcn(tlw)} oj 1- (Did >idroxy-y.-]}(iphij}old(.hijd<:-'S (compare 
(hdtermann. Bn-.. 1899, 32, 2N4 : .Morgan and Vining. T.. 1921, 
119, 177}.— One [>art of rcerystaliised x- or )Miaphthol was added 
to a .Mention of fresh ly-])r(‘])ar(’(l anliydrous zinc chhaide (one 
part) in three parts of (.try ethc'r, livdrogen cliloride was slowly 
introduced, and JO e.c. of anhydrous hvdi'ocyanie acid were added 
villi continuous stirring. A clear, colourless solution was obtained 
which gradually assumed a greenish-yellow tint with a- or a clear 
yellow tint with fi-najdithol, and ultimately becaim' pasty owing 
.to the separation of the aldimiiu' hydrochloride. After twelve 
hours, this product was colh'ctia! and hvdroivse<l with wati'r, 
Uhen the corresponding aldehyde' was obtained : it was eharaeterised 
by the formation of the !8cliitl base with aniline. ' 

E AzornrlMne Drrivativrs front '2-}{ j/droxipx-mqdtfluddchi/dc. 

An alcoholic solution coataining 2.hydro.\y-a.naphthaldehyde 
'•ftiid tile nitroaniline iv. molecular proportions, after heating in a 

132 ^" 
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reflux apparatus for an hour, deposited on cooling a crystalline 
precipitate of the azoinc thine derivative, which was purified by 
crystallisation from the same solvent. 


Requires N 


2-liyd rox}^ -a-na phfhpJ 'uhn e • 
o-nitroaniUfie 

Appnarnneo, 
LusI rous, 
scarlet plates. 

.JI.p. 0*59 per cent. 

172'" Found : X = 9*70. 

2 - H)jr! roxp -a-napJith >jl id cue - 
m-niiroauiiinc 

Felted, orange 
needles. 

IGo - U)G^ 

X = 9-65. 

2 -Hyd roxy -a-na phthyJ iden c - 
poiitroaniline 

Intensely 

crim.son 

needles. 


X = 9-49. 


Weighed quantities (0-02 to P’Oo gram) of the tiiree isomeridcf 
were left in contact \'> ilh o c,c. of cold 10 per cent, aqueous sodium 
hydroxide for one hour; the material in each case recovered 
unchanged witiioui loss of weight ga\e the correct melting point, 
thus indicating an entire al>sence of solubility or of hydrolytic 
change. The three isomerides (o-, and 7;-) dissolved in alco- 
holic sodium hydroxide, gi\ing respectively yelio\v, orange-yellow, 
and crimson colorations whicli faded slowly to a pale yellow: 
they developed yellow colorations in concentrated sulphuric acid. 


Addition of Hydrogen (Ajanidc to the Azometkuie Derivatives 
of 'l-Hydroxy- t-naphlhaldehydc. 

Excess of aiiliydrous hydrogen cyanide was added to the 
powdered azomelliiue compouiKl, and the mixture was left in a 
cooled stoppered bottle with oeeasional shaking. 
PhenylaMino-'2-hydroA'y-y.-naphthyIac(ionitrile, 

obtained in liglit yellow plates after a week, was crystallised from 
benzene and light pelroleuin in |)ale yellow, prismatic crystals 
melting at IIT-.V" (Found: X 10-2!^, t'uquires 

X = 10-22 per cent,), It is notewoiHiy that tiie saturation of tlic 
chromophore by hydrogen cyanide has in it in this instanec de.strovcl 
the colour of the subslaiKw. 

i)-Xi{ro]>hf ni/l'(ittni()-'2-hgdf'OA:if-y.-tt((j)lifhglaef (on ilrilf, 

XOy(\;HpXH*('H((’X)-(\„H,.dJH. 

— After ten days in anhydrous hydrogen cyanicho th(' I'ed, eryslal- 
line orf/w-nitrated azomethine compound was laplaeed by yellow, 
glistening leaflets, \\hi<;h sejiaratcd from l)enzeiie in pale yellow 
plates melting and decomposing at IGIT (Found: X =■- KF2. 
X 13*16 per cent.). 
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m-yitfophenylamino-2-hjdroxy- i^-mphthjhcHonitnk - ^ The uddi* 
^tiori of hydrogen cyanide was complete after ten days ; the product 
crvstallised from benzene in pale yellow needles melting at 127-o' 
:(Found : N 13-28 per cent.). 

: )^yyitrophe.nylQmino-2-hydrox,y-'i-naph(hjlaceionHrilc.. — 2-Hydroxy- 
a-naplithylidene-p-nitroaniline reacted with extreme slo■\^■ness; 
it was suspended in ether and agitated daily with excess of anhydrous 
hydrogen cyanide for a period of three weeks, when the product 
had assumed a brownish-orange tint. This material was washed 
Hvith water and extracted with benzene to remove any unaltered 
^zoniethine; the rc.sidue, ^vhen crystallised from alcohol, separated 
In orange-brown plates melting at 242'^ (Found : X 13-42 per 
|eiit.). 

I ir. jhomdhint lhrir(i(iv(>>i jron} A^Hydwxy-y.-naphth(ild<diydf'. 

I The reageut.s were heated under reflux for one to six hour.s in 
|lie minimum amount of alcohol required f(w .'-solution, The products 
hen- not so n-adily er}'.sta]Iisable from alcohol as their i.someritles 
|rom 24iydroxy-a-naphthaldehyde. The o/y//o-compnund, the most 
Soluble of the series, was ol)taine(l after evaporating off the aleohol, 
|md was crystallised from dO per eerit. ac-etie acid. 


Require.^ X — 


jjo -CiTb 1 

Appoaranr-e. 

.M.p. 

d-d!) per cent:. 

o-nitroanidne 

powdiT. 

loO-^loD 

Koiind ; X 0-3S. 

4 - •a.-naphthijlkUnc- 

n\-i}ltroan'd>m> 

R(‘(l(]jsli.)n'(nvii 
po\^ clei'. 

iss-^ 

X 5)-60. 

4 -Hjjd roxp -a-ndphthijluU iu - 
: {i-niltvanilinv 

Dark crimson, 
granular pn\Mler. 


X = 1I-T.5. 


: Weighed quantities (0-02 to O-U.'l gram) of the foregoing iso- 
merides were placed in d c.e. of cold 10 per cent, aqueous sodium 
l^ydroxide. The ortho- and w^^/rf-nitro-coinpoiinds dissolved within 
||)ur minute.? to an orange solution. When left over-night, the 
|lis.solved azoincthine derivatives underwent hydrolysis with 
fberatiou of the corresponding nitroaniline, the acidified filtrate 
^ving 4-hydroxy- a- naphthald eh v(h\ 4- Hydroxy- s-naphthylidene- 
j|-nitroaniline was far le.ss sohibie than it.s isomerides, and under 
fte foregoing experimental conditions the greater part remained 
te-hanged; the dissolved ])ortion, which gave a yellow .solution, 
^denveiit hydrolysis into it.s generators. 

(gin alcoholic sodium hydroxide solution the o-, /»-, and p-nitro- 
■l^ni|)oun(Is dis.solved, giving respectively transient deep orange, 
_^^^ige-yelIow, and orci;vg{‘-red (’ol orations which faded to pale 
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yellow tintfc. The o- and -compounds gave intense yellow solu- 
tions with concentrated sulphuric acid, whereas the ^^-isomeride 
developed a deep orange coloration. 

Addition of Hydrogen Cyanide to Azo)nefhine Derivatives 
of ■\-Hydruxy-:i-na phthaldehyde. 

rhenyhmino-i-hyd roxy -■x-naphthylacMonitrik, 
'cVH5-XH-CH(CN)'C\oH,;()H, 

produced as a hnl^vnisll-y(“llo\^■ powdc'V, crystallised from benzenr 
in coloiiiiess, silky needles melting at I22*r>^ and becoming pinl; 
on exposure to air (Found : X = 10’24. requires 

X “ 10-22 per cent.). 

o-Xi(roph(nyI(niiinoA-hydroxy-'j.-naphthyIac(doni()'ik’, 

XOyC JVX H -CH (CX)<\oHg-OH , 
was obtained by leaving the o-nitro-azoinetliine compound ii. 
contact with hydrogen cyanide for ten days ; it crystallised froii. 
benzene in pale brown needles melting at 107'^ (h^ound : X — 13-:h' 
C'j^Hj.^OgXg requires X -- 13-1 (1 per cent.). 

m-yifrophft>yl(!iniiioAAiydro.ry-y.-naphfhykieefonitrilr erystallis(r 
from benzene in very pale yellow, silky needles melting at 124-^ 
125’^ (Found ; X =: 13-22 per cent.). 

])-yitroph('nylartiinoA-hydroxy-'x-hajdi(hyl(((‘<to]n(rile.- 4-nydrox\- 
a-naphthylidene-p-nilroaniline was susj>ended in dr\’ ether aii'i 
agitated daily with exei-ss of liydrogen eyanide over a pei-iod r 
four weeks, when tlu' dark crimson colour had changed t<i dn; 
orange. The produel eiystalliscMl from benzene in yellouid.- 
brown needle.s uielring a( 202 ' (FoumI ; X — 13-30 j)er cent.). 

111. ^f{rat^Ol( of 'l-IIydroxy-y.-naphfh(ddehydi and 
['.■Xa])}tfhacfj}i}n((ri)i. 

Xitro-'I-hydroxy-y.-najihlhaldCn/dr'. X 02 ‘(' 3 (jH 5 ( 0 H )*CfK), wa.s jm 
duced by adding 2 e.e. of nitric aeitl [d 1-52) diluted witli 3 (■■ 
of glacial acetic- acid to o grams of 2-bydroxy-:5!-naj>htiial(leliy': 
dis.solved in 100 c,e. of tin- same- solvent, the solution being sii' 
sequeritly heap'd at loO' , The lutro-derivative ervstallis('(l '■ 
cooling, and more wa.s obtained on diluting with ice-water. 

After crystalli.b’dion from benzene or aqueous alcoliol, tlie iiitr 
aldehyde se])arat(‘d in jKde y<'l!ow needles melting at ]H()- l>'i 
(Found : X (',jlU(.),X reindres X ()-45 ])er cent.}. 

This nitr(>2-livdj'oxy-'/-na])hthald('hyde gave a spariiii'' 
soluble, orange-yehow sodiutn salt, and the azomethine derivatie 
HO’CioH.[X 02 )*CHiX-(’g 1 Tj^, with hot alcoholic aniline; tlu' latP 



\EWBE11V : THE OVERVOLTAGE OF THE MERCURY CATHODE. 7 


product .seimrating in well-dofitu'd, orangc-rcd needles belting at 
2r)2-2r)3" {Found : N - 9*71. requires N - 9*59 

per cent.). This azomcthirio compound was insoluble in cold 
and sparingly solu})lo in hot aqueous sodium hydroxide, and 
dissolved to a red solution in alcoholic soda. 

^outuarin, obtained in a 00 per cent, yield by heating equal parts 
of 2-hydroxy-7-naplithaIdehyde and anhydrous .sodium acetate 
'frith dO parts of acetic anhydride (95 p^n- cent.) in the rotating 
autoclave at 180'' for three hours (prc.ssurc -- 3 atm,), wa.s ervstab 
|sed frot7i 50 per cetd. acetic acid. Nitration was cfff'cted with 
parts of ni(ri(‘ acid {d rr. l-qo) added to one part of naphtha- 
Ooumarin in ten parts of glacial acetic acid. Tlie solution sot to 
I pale yellow mass, probably consistiiig of 3-naphtbacoumarin 
litrate. Coneeiiti-ated sulphuric acid was added until this sub- 
^ance entirely redissolved, when t]j{‘ S(jlution was heated at 100' 
for two lioims and j^ounal on to ice. The nitration product cr\ stab 
Ksed from p^Tidine iti liright yellow needles melting at 242'^ (F()und : 
K ” G-09. C\JL(.),jN re(:(uire.s X =rr .PSI j)er cent,). 

riu' reduction of the foregoing nltro-conipjounds hal tn the 
production of .somewhat oxidisahh' bases; the amino-'i-naphtha- 
couniarin, m. ]), ISO - i82\, fu^li^lle(l acetyl, benzylidene, and 
«zo ''-'.-ua}ilithol derivatives. 

■ TIk' authors desire to rxpm'ss their tliouks th(' Advisory 
Cotmeil of the Department of Scicntitic and lndu.*;trial Ileseareii 
for grants which hav(' partly didVayrd th,. expense of this 
in^■('s^igatinn. 

e’lUAifcAL t:)Kr,.\ kt.munt, 

I MVEHSTTY (le JirCMI.veHAM. 

bl><nt.\ST*.N. r//MVn-n/. D.rnnhx- IR/,. 1U21.1 


; II.— rZ/c Overmllngc of the Mercury Calhotlc. 

V^y \mh;,\r Newbery, 

a recent eommunicathm by Dunnill (T.. 1021. 119 . lOSl). a 
Cjreful and detaihai di'scription is given of (lie interesting behaviour 
Ol a mereiii'v cathode, bnba'tunatf'ly. the range of current density 
^d the time mpdoyed were so limited that many important 
penomeiia were overlo.iki'd. Only one of the three overvo]tage.s 
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of mercury ob^^ervc'd, find although the small variations of this 
one value under slight clianges of conditions Mere exhaustively 
studied, tlie nuicli greater cliangos produced by extreme conditions 
ivere not obtained. Some of the results recorded differ materially 
from those obtained Igv tlie -lu’csent author, and certain far-reaching 
conclusions were draun which seem s(‘arc('!y justified by the limited 
range of ol>ser\ ations. With the vimv of CNolaining these dis- 
ercpaneii’.v and testijig tliese eonelusi('ns. the following ivork was 
undertak,-n. The e(m<litions were made as far as possible identical 
with tliose of DimniU’,^ work, init ivere eonsideridily extended in 
many direeiimis. in order te obtain a fuller insight into the wholt' 
tn'nbiem. 


If \ T !•; K 1 Y i: V T A I.. 

A uhws M'ssel was takem having a ei-o.-s section of aiiproximately 
lO s(|. civi.. a!id eaicdully imrilied mercury poured in to a d('])th oi 
1 -d em.. contact heing iiiadc i\v a ptlalinuni v irt' seaieii into tlie end 
of a Liiass lube and. dipping to llie I'oliom of the mcreury, Tim 
anode consi.^ti'd of a st-mt jTitinnm 1 cm. long, sealed into 

another gko-s lube and s'aiipoitcd at varying dist.anees (iisualK 
about ! cm.'} from the mcivnry sm bu e. It v as found tiiat tin- 
})(i,-itioti ('f the Uiiode Imd little or no eih , t tin* overvoltaije. 
altliomdi the diam<'tcr of lie' rijuf frei- .n-oni visible bulablc.s wa> 
greatly affei-ted by tlic. motiem, 

'Die electrolyte was .V-sulidnirie acid, and a mcreurmis sul})hate 
mercury (‘k'ctrode in aca:! of the srnne strength was used as reference 
electrode. The jet of tids t'icetTode vessel (I mm. in diameter) could 
i)(‘ adjusti'd to any pn-ition \iilh regard to th(‘ siirfac!’ of the mercury, 
and it was soon fomal that imiiortant data as to the elTcct of change 
of po.sition of this jet li;U( iiceii omitted from Diinnill s descri[)f i(ui. 
Ill his work. th(' jm is (Icscnbod as just toueliim: tlie mercury surfac;. 
immediately fadow tlie anode, In ruicii a position it naturally 
interferes with the lines (.f ihnv of the eurn ni, Imt this may be a 
matter of little iniportanee ( If imich Lovatei’ imiiortanee is liu' fuel 
tliat there is a remarkably steep iioti nUa) gradimit in the immediate 
neighbourhood ol tlu' mercury surbice during tlic pa.s.sagi' of the 
current and tlie motion oi the cleclrode jet through one millimetre 
in a direction may alter tlic iiUMsnrcd ]>ot(‘ntial bv moiY 

tlian one hundred miruvolts. Depressing the jet I cm. under the 
mf‘tciii\ suiface may c.uingc this imtmUial bv maarlv one volt. 
Again, if the jd aetmdlv touches ili(> metal, a new metal-eleetrolvte 
surface is intreKluccd, and it is bv no means certain that the metal 
thu.s mijinsoticd i,- in the .same condition or has tlie sanu' single 
potential as the surrounding nuga)' In addition to all this, (he 
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tendency for gas bubbles to collect in the capillary is very marked, 
due to the imprisonment of metal saturated with hydride or super- 
saturated with hydrogen. The metallic solution, when thus released 
froJii the severe electric strain of the surrounding medium, at once 
liljerates its hydrogen in the eapiilary tube, and a new metal-gas 
siu’faee is formcal having its own single potential, which duly 
appears among the factors presejil in the resultant measurements. 
It is evident, therefore, that the expedient of allowing the electrode 
i(.‘t to touch the mercury surface is a most dangerous one, and rc'^ults 
thus obtained must bo treated with the greatest caution. 

In the e.xpei'inu'nls here clesei-il^ed, tite (deelrork* jet (unless 
stated to the contrary) was supported about one millimetre above 
the mereiiry surface. When a ecim mutator is used, the position of 
the jet in th(i dcciwbjk and the relali\ e ])osili(jii of the leading-in 
wire to tlie mereiiry cathode liave no effect on the measnreinents, 
whereas both these factors affect the results obtained without a 
commutator. Such factors have nothing to do with true over- 
voltage, and their presence therefore indicates a considerable error 
in the resultant measurements. 

The htllowing table illustrates the variation in measurements 
due to the position of the jet from the >tamlard electrode with 
respect to the mercury surface. The current was 3G milliamperes 
niid the commutator speed IbUO rows, per minute. 

10 mill, i mm. 1 nun. 10 nun. 

ftbove. above. 0. below, below. 


With commutator U-4il 0'4U 0-40 U-37 (>*18 

Without commutator ... U-7U 0017 o-aS U-11 U-OS 


The mercury in this ea.<{' had been pi'evioiisly subjeetc'd to a 
high current di-n.-ity. but liad been kept for forty-eiLdit hours before 
the above readings wen' taken. In order to obtain the higli \alues 
[which were the only ones oh.^i'rved by Diiimill). tliis niei'cnry was 
treat(‘d Avith a current of bS ?nilliaMiper('s foi’ halt an liuine wlioii the 
exjK'Ctt'd jumj) of potential oeeiirn'd and the above set of o}><erva- 
tions was ri‘j)eati'd. (huTi iit and eoinmiitator .^peod as heforo. 



Jt't In mm. 1 mm. 


I mm. 

lu Him, 


iPiovr. ali'U'o. 

0. 

below. 

bl'luW. 

U irh conmiutator 

, ... ti-sl 0-sl 

o-.>l 

ll-sll 

(I oh 

W itbuul coiiimutaioi- 

.. M:1 Mu 

[■07 

O'ltS 

II- 4. 7 

,'unviit inciva^oil In O.s 

imlliampi-ri'S. 




ith (‘oiumutatnr 

(I.Sj O..SL> 

Osg 

o-sn 

tl .70 

Without ( oiiimutatoi' 

... 12S l-2i) 

1 ■O'.l 

l-n;; 

n-on 


Tliosc tiguta's j!ln>trate vei'v eleaiiy how at least one source of 
>(‘ri!in> oiTor is eliminuted liy tho use of n enmnmtatnr. namely, 
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that due ]to change of position of the electrode jet in the electrolyte. 
When the jet is thrust far down into the niereuryj the standard 
electrode practically hecomes an indo]ic]ideut cell> the negativi' 
electrode being formed by the surface of tiie, mercury which euter.s 
the jet. This mercury is ir^ contact with an unsaturated solution 
of mercurous sulphate, and is tlierc'fore of uncertain potential, 
Also, the position of the platinum connexion to the battery materially 
affects this ])otontial, which is const‘((iU'utly very variable and of 
little tJieorctical interest. The steep potentiui gradient at tlu’ 
surface of the mercury cathode disappears tlie in.stant the current 
is interrupted, and tiiis fact supjdics nm^ of many proofs which 
could be given of the existence of a gas iihn of high resistance on tlu' 
surface. 

All the above ligurcs are averages of four ci )nii)lete sets of readings, 
l\ff(-Ct of Coiin/intator I’dociij/. 

This lia.s been discussed in detail in a connmmication .sent to thr 
Journal of the Afiirriran ('hnuienl Sov/uAij early in August last, hui 
the mercury elc- ti'ode was not among those chosen. The hgurr- 
given byDunnih iiulicaic a curv(‘ tovervoltage- commutator specil; 
so much steeper than any obtained with other electrode, s that one h 
forced to the conclusion either that the rate of decomposition of the 
mercury overvoltage compounds is enoianously greater than thew. 
of other metals, or that tlu^se tiguros are seriotisly atfected b\- ii 
iiu’clianical defect in the eommutator used. 

In order to settle this point, a very careful and extended .series 
observations was taken (al)oiit 200 readings in all), tlie same current 
densities being used as tlios(' given by liunniil, namely, 30 and ib 
milliamperes per 10 sq. cm. 

The commutator wa.s i-5 inche.s iu diameter, having only twi 
sections, and these were separated Ity ivory plug.s J inch tluek 
Mas constructed vith a solid steel il\ \vh(.'fl 0 im-lies in diameter aiui 
^ inch tluck on the same sliaft, which ensured stuadv running, ann 
M-as driven by a 20(i \'o1t mm.u uhh a rim. Mat in series^ IV 
rheostat was carefully calibrated to give .-jiueds of fmm 2b(i i-i 
1500 revs, per minute, mid tiie>c ^peed^ were (becked from thiie 
time during the eoiUM. of the work, iVfnre use, special care 
taken to ensurolliat alien tin* centre brusii was on tlio i\()rv ibib 
no current could pass in cither din'Ction, As will be seen later i;' 
appears probable that m-gi.T.t of this i.recaution has led to lb' 

abnormal rrv'Ults oijtained liv l)uni]i!l. 

Iwo yts of results were (.Ijtaiiierl at a eurreut of I'O milliaiuiM iv.-, 
one Witli Ihe niercuiT.n, the high-and the other in llte iotr ever 
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voltage condition, these conditions l)cing quite easily obtained at 
any time, but not always easy \o niaiiitaiii. The following table 
givc.s the averagc.s from ahout twenty sets of readings, current 
density being given in milliainpeirs 10 wj. ein,, and commutator 
speed in revolutions ])er minute. 

Con II nut a tor speeds. 


Curronl. 


1500 

1250 

ioiin 

750 

500 

250 

.1 . 5<) 

l-os 


0-S15 


0‘77 

0-71 

0d;2 

:u; 

u-su 

(St 5 

0-45 

n -I.', 

(e415 

0-4 1 

0-42 

C. (i.S 

1 ■ 1 5 

()s:t.7 

o-sa 

0'S2 

o-sn 

0-75 

0-6S 


Od) I 


i 

I 


[ 


US I 





0 5 


B 


750 pHKi 1250 lOLHi 




I li(' curves in Tig. J iliu.'>(r;ue these results graj)}iiea]Iy. Jt is 
e\ideiit that at tlic hiehosi .-iiecd u-f'd the eurvrs luive already 
approaeia'd very iiear to a maximum, and ('.\t rapulatioii to infinite 
sipn. d \\i]] gi\(' \ahu‘s luit far renui\'ed tr< mi liiuse obscrvetl at 
loUO revs, per minute. In laot. eiirve A reaehes U’M’o volt, curve 
^3 045 volt, and curve (' (eST vuit w lirn this lextrapoiation is earried 
out \alues wJiieli an* widely ditlercnl triun tlio.<i‘ obtained by the 
‘‘ direct ■’ method. 

<>n comparing tlnm^ ivsidts with th.m- of Dminill, it will be 
oj^ened tliat although Ids roniiuutator speed is identical 

■ft-itii the liiglu'st liere ust4, lie' >htains rises of 04 to D-d volt. It 

li* 2 
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appears highly probable, therefore, that his results have been 
vitiated by a defer ti^'e comtuutator. If a perfeetly elean break is 
not madc^from the main circuit Indore the potentiometer circuit is 
connected, somo fraction of the main current is '' dragged over 
and greatly ahccts the potentiometer readings.* 

These eur\'es arc of interest in that they show, not only the great 
instability of the compounds responsible for tlu' high overvoltage 
of mercury, hut aho (euin'e B) the comparative stability of the 
compound produ('i?ig tlie lower overvo1tag(\ 


K jjrrf of Time. 

The wliole of DunniU's work seems to ha^T been done with mercury 
in the higli overvoltage eondition. This condition is usually, but 
not always, shown by pure fresh inevem'v ehadrodes, and is the 
stable state at low current densities. vSince the highest current 
density he used was 7'S milliampcres per sfp eiii. and this only for a 
short time, he did not have an opportunity of obser\'ing the remark- 
able time effects j)reviously des(‘]-il>ed by llie present author [loc. cit.). 
The following table shows tlie effect of time with low cuiTent density 
on the total hack E.M.F. of mercury wiiieh liad bemi kept for 
twenty-four hours in eonlaet with the electrolyte but with ijfj 
current flowing. 

Area of cathode 10 srp cm.; current (kS inilliainperes ; no com- 
mutator used. 

Time in luius. 1 2 I) 4 5 Ul 15 20 25 111) 40 50 60 

Back E.M.F. (I'TH O-TO OwO (l-SO (l•S0 0-81 (.l■82 0’S3 0-8t.i 1T5 1'20 1-23 1-24 

After an interval of one hour with no euri'ent flowing, the sani'' 
cathode was used at the same current densilv, luit with a com- 
mutator speed of IbOli rev.s. per minute. The iv'sults w'er<' ib 
follows ; 

Time ill nuns. 1 2 3 4 a In ).l ^v, .p) ,=;() f;„ 

Overvoltage O-OT 0'74 o-77 o- 7 ii o so 0 's:i n-sl U'8,7 o-s.") 0'8.3 O-S-t U-S.5 0 \i 

These re.sults are illustrated graphically in Fig, 2, It is evideni 
that curve B i^ really <i rcpi titiun nf latter part of eurv(‘ A with 
the disturbing iiifluetKc ot transfer jesistaiu-e reinnved. 

.llu' position and .steepness (ff t]i(‘ rn})id]y I'i.sing portion of tl" i 
eiu\e aie elih'fle deter mmal liy the pu’evimis hlstoiw of the ('h'ctroile i 

.Ihe presMit autJ]<j; on .me ucticsiun Masted thrci' rlav.s' -work ()))ti)ini)j.:i 
anonuilous and irjrfji-.aiLbiblu ,vsul(. brfurc locating tins .mircc ol tmuhlF' ■? 
in this case a single fine strand J wire m,tn tJio brush disarnniged In a: :: 
unauthorised person rotating tho commutaior l,,aok\oiols ' ? 
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^lercurv which has been kept in contact with the electrolyte for 
some hours acquires an overvoltage of about 04 volt, and both the 
time required to change this value and the flattening of the rapidly 
rising portion of the curve are increased by long keeping. An 
illustration of an extreme ease of this kind is seeit in curve C, which 
was obtained under the same conditions as curve B, except that the 
cathode had been kept undisturlx^d for a week. 

As might be expected, the time effect occurs more rapidly when 
a commutator is not used. 

At high current densitie.s, the change to iow values occurs very 
rajtidly. A cathode wa.s showing a hack E.M.F. of nearly 2 volts 
with a current density of GX milliamperes wlien the current wa.s 

Ki(i 2. 


]■'} 



111 20 :ni 4<i o(i no 

Ttint t n Dti N ulifi. 


suddenly ii\creased to ItHMI millianqic-n'^!. In tlu'ee minute.s tln^ 
liack K.M .F. had fallen to 0-55 \ ult nieasui'(>d without a commutator 
and -- 0'02 volt with a commutator, d'lns rapid fall of overvoltage 
.sometimes occurs after the a]i[)lication of a liigli current density 
even although the current iias been greatly redmx'd in the meantime 
- a ])eculiar type of delayed action , 

.•\n interesting time effect is observed, not only with iiierciiry 
electrodes, but also with nearly all metals, ^\hen the eommutator 
velocity is varied. At high spei’ds there is a general tendenev for 
the measured overvoltage to increase v.ith time u]) to a delinite 
maximum. At low sj)eeds there is a similar tendenev ti'i deorcast' 
with time to a somewhat less delinite minimum. If the ma.\imum 
has been attained at a higli sjieed and the eommutator velocity is 
suddenly reduced, the measured tiverwdtage remains at its high 
value for an appreciable time and then falls gradually. This 
c\])eriineiit may be carried to extremes by short-circuiting the 
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commutator tor Rome time, Avlrieh is equivalent to running it at an 
infinite srieod, and removing tlie sliort-eiremting plug the instant 
before taking a reading, ^■alueR obtained in tins way agree very 
well with those obtained In' evfnqiolation of the overvoltage- 
commutator Riieed cums, and thus e.fford additional evidence for 
the tnii^tworthincss of thc^o valiu'id, 


Kfj\r( of Cun-(:i\( Dni-sll;/. 

The verv linutt'd ratiue of currciii {lensity used by Diumill (U to 
78 milliamperes lier 10 sq. cm ) gives a most unsatisfaetory inn 
nre.ssion of tlie real effect of eurrent density, In the work hem 
ileserihed, an attemiit was made to determine the effect of eurrem 
deusitv on mercury in i.otli tin- hivd. ami wry lo« Izero) overvoltagr 
>itat(‘^^' The latter is <iuite easy, iait tlie fornuM- ean only be done liy 
very rapid N\(.rkiny at the higher oniTeiit densities owing to tlu' 
groat tendenev of t!ie oleetrode to change suddenly to the latter 
condition, b’v starting a itii an nnusetl ohrtrode and working at high 
speed, two eoinplete stuies were olitainod,, bolli without and with a 
commutator. Tlic values witli tlie ninimutator agreed within 
O'Ol volt, w’hilst those without tlie ('tuuiiiuTator ’s’aried by O-US volt 
at the- same cunTut densities. Within thirty sc'eonds after com- 
pleting these scries, the expected overvoltage tall oceurmi, although 
the current density was low at tiie moment. Two further serns 
were then taken and are shown in eolnmn /> in the following table. 
Column A shows the average valuer obtaineil in the first series 
Current density is given in miiliamiietvs ])er ]l) sij, ein. Com- 
mutator .speed lo(J0 revs, per iniiiutie 


Current Density. 

tVitli Coininutiiti.ir. 

Wiihont Conumitator. 


d. 

}]. 

d. 

B. 

20 

O' 70 

0-llS 

i'Ol 

0-40 

40 

0-70 

(I'Ul) 

1-04 

()'ri4 

ton 

0-7U 

O'O.g 

M2 

0-5K 

200 

i)-tiO 

0-e:t 

I'lO 

(KU) 

4tHI 

0-01 

O'l.iij 

1-20 

0-77 

1000 

0-5T 

(I'tia 

1 42 

1 -03 

2000 

(.>•') 0 

e-ul 



Th ' 

ilrfK Ocii 

oAlu\}< >' 

hi Mrrncry. 



From the work deserihtal. it m iilent that mereurv sliows IhriX' 
fairly definite overvo''age.<— higli (t)-N volt or more), low (0*4 vel* 
approxiniatf iy), and /.ero'-.'ori't'spimdmg with tlio bivalent, uni- 
valent, and /-ern-\ alent im.i cniniiound formed) states respectively. 
The first state is produced liv, and is permammt at, low eurrcir 
densities and is generidly shcuMi iiy fresh nieruury. The scconti 
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state is shown by mercury Mhich has been kept for some time in 
contact with dilute acid, and appears to be unstable when current 
is flowing. It may be due to the formation of traces of mercurous 
salt adsorbed on the mercury surface and also carried into the body 
of the mercury by movements due to change of surface tension. 
This salt on decomposing would tend to give the hydride correspond- 
ing with univalent mercury, and therefore the lower overvoltage. 
The third state is permanent at high current dcn.sities, and when 
once acquired takes a consirlerable time for its removal. Its 
sudden ajipcaraiipo i.s accoin])anied by an equally sudden change in 
the size of the bubbles of gas liberated, from large to very small. 


A Propomi Addidon to Prfvions Theory of Overvoltage. 

The author has felt for a long time that his attempted explanations 
of the re?narkable fall of ovtn'voltage and of transfer resistance at 
higli current rlonsities have lu'en very unsatisfactory. The present 
work has suggested another idea whieli nr)t only appears much more 
reasonable at iinst .'<ight. but also alfords an explanation of the 
change of size of the gas bubbles and of the eflect of stirring the 
electrolyte, which was (jiiite inexplicalfle on the basis of the older 
theory alone. 

Xt low cuiTcnt densities, the ions in the solution in the noighbour- 
liood of the electrodes are at a distance from each other ^vhich is 
targe eonqtared with tlu'ir own dim elusions. At verv high current 
densities this condition no longer holds, and the ions close to the 
electrode .surface are ])aeke(l so closely tliat an electron slmt out 
from the electrode into an ion within range may travel with such 
velocity and ])roduee siicl) disturbance within the atom thus struck 
that the electron on the oppnsiti' side of the atom becomes loose 
etumirh to b(' seized by another ion close to the first ion but further 
away from the electrode. At e\1 reme current densities the eh'ctrical 
tension near tlu‘ electrodes is \ {‘ry high and this action will therefore 
iiecome more general and more' extended into the electrolyte. But 
tliis action invoh'cs tlu' disehargt' rT ions at a distance from the 
electrode. The* tendency to the formati(ui of a gas film and the 
production of high ])res.sures will therefore be greatlv reduced, and 
hejiee transfer resistance falls. At the same time, tlie reduction of 
the, pressun^ will alhnv of the decomposition of the overvoltage 
compounds without, inducing tlu'ir re-formation and the over- 
voltage will therefore fall, Tlu' extremely minute bubbles seen 
under these conditions are a natural eoiisecpionce of this discharge 
in th(‘ electrolyte, and the high degree of ionisation of the escaping 
gas (T., IhU, 105 , 2429) also f 'Hows. 
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Rapid stirring of the electrolyte at high current densities will 
tend to disturb the packing of the ions along the lines of force and 
will therefore lessen the distance discharge, thus producing a rise 
of overvoltage. At low current densities similar stirring will tend 
to remove the obstructing gas film, thus producing a fall of over- 
voltage. Both those phenomena were observed by the author in 
1913 , but until now he was able to offer no adequate explanation of 
them. The idea of (he i ideal action at a distance from the electrode- 
is not new. and lias be{ai apjdjed in the ek'ctrolytic manufacture c>f 
white lead. Init in this ease the ions theniscK es are cemwidered to h' 
so closely jiackod tliat tliey form in one sense a conducting plate 
carrying the current from the electrode out into the electrolyte. 


( 'ourJn ^ioiis. 


It is evident from tlie work descrihecl that nunniH’s conehisioi 
that the direct metliod lows more aecnrate risnlts eannot Iv' 


upheld, if the tcTm " overvoltage " is to he eontined to its legitimatf 
object — the revorsihle portimi of the total hath el(T-tromotive forve 
of an electrode. Tlie commutator method is eertainly liable to an 
error dne to the v('ry rapid deeonpiosition of the nvervoltaue coim 
pouiids, hut this error is trilling conipar('(l nith the vei'y large eiTeet;' 
produced by transh'r resistance. FurtlK'rnnn'e. this small error 
nuiv 1)0 completely eliminated hy the simple e.\])edient of extra- 
polation to intiniie (‘(mnnutator s|)eed. 


The statement on ]). inST that "it would 1 k' dilbenlt to give a 
direct proof (if the ])ivsenee of this lilm " (of gas on tlu' (deetrode) is 
hard to imderstaiui. So far us the author is uv.are. this lias never 
before been questioned, and is u>nal text-lmok explanation of 
the phenomena of jiolarisution in a simple C(‘lh 'I'lu* a])pearanee of 
visible gas bubbles is in it>(df a direct jinuif of tlu‘ supersaturation 
of tlie electrode surface with gas. Any denial of the existence of a 
gas lilm would iiitroduee iiisuperalh' <br)ieuities in fcvplaining thr 
simple phenomena of polarisation, uas oleetrodo-. ete. 

The surface tension phenomena descrilKd bv nunniil ajv interest- 
ing but up])ear to liave no very dnvet . o.mexion with the owr- 
voitap of the eath(u,le. as similai' values aiv obtained wlndlier tlir 


an e^ennient comcHies with no markod change of overvoltair.. 
and the size of tlio ring is depemleiit on the jiosition and shaiie of 
tie anodm small p(.,iHt nut mentiomd bv Dunnill is that, 
although f u. .acrcury .urfaec ...ide th. ri,„ .p,,,.,,,. b. travdlin. 
outwards, tp small uasgiihl)!,.. are nftie, observed tra\ellin<r from 
the walls of the eontanmig vea.sei inwarda towards the rijig In | 
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conclusion, it appears highly probable that Dunniirs unsatisfactory 
results with a couimiitator arc* chic^ to a defective apparatus, but his 
reasoning is also influenced by two /questionable statements at the 
('omniencenient of his paper — the Qrst, that tlie surface of metallic 
mercury can be rojiroduced exactly, is open to serious doubt, 
^vhilst the second, that the properties of the surface arc unchanged 
during the passage of the eurrent, is disproved b()th by his own 
work and by the experiments here deserib(“d. 


SutrDtmrif. 

] . Tlu' overvdltage and the direct potential differcnc(' of a 
iiiercurv cathode have bi'en measured under wid(‘ variatirais of 
current density, lime, eoinmutator s])(‘(*(l, etc, 

'1. vVlthough the j’ate of decomposition of the overvoltage liydihies 
of mercury is liigh. a very close* apju'oximation to the trin* over- 
wtUaLU’ is obtained vdien the commutator .spe('d is not less than 
|jO{i n'vs. per minute, and an exact (estimate may be made by 
1 ‘xlrapolation to intiniti* s])eed. 

No a])proxiination to true* rivervollage' ( an l)e obtained without 
tlie use of a eomniutator. 

4. Mercury sIkovs three (b.^tinct overvoltages corresponding with 
the bivalent, univalent, and non-valent conditions. Directions are 
given wluu'ebv aiu' (tm* of tlu'se eonditions may be oletained at will. 

a. An extension of th(' previous tlu'ory (4 overxoltage is suggested 
which will account for tin* lowering of ovcivolrage and transfer 
r('sista:ie(‘ at Idgh ciii'rent densities, tlie diniini-hcd >izt‘ of the gas 
huhhk's under similar conditions, and the \'ai’iahle eflect of .-tiiTing 
the elccti'olytc at dill'ereiU einavnl dt-nslties. 


I’ln sK'.vL Cttmimi in liinexici mi.n i . 
l.'MVUUSnv oi 'I'owN, 


//- 


Xunfnb', ]vf. l!Wl.; 


III.— 77^( of I la: of Dnjhaj 

O'th (i.< FAucidaied hif o Siudj/ of fhe Tna Oji/gin 
AhsorjiiioiL Pori IIP TJa Aciio)^ of Driers, 

by Sa.mi ki, ('ol FFY. 

A .MiTHoi) having been deviM-d fi>r olitaining the true oxygen 
ahserption valuer of drying oils 119. llofl). it was deter- 

mim;d to employ it in an attcjnpt to elmadate the action of driers. 
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The rate of oxidation of linseed oil is affected by boat and sun- 
light and further liy certain metals and their salts, uhich are known 
as ‘‘ driers ” or siccatives/' I'okin (J. Bass. Fhi/s. Chein. 8oc., 
1907, 39, 009) suggested that their action was catalytic* because 

(a) there appeared to be no stoieheionietric relation between 
the quantity of drier ajnl the amount of oxygen absorbed, and 

[b) the reaction curve a])pi,‘ai’e(l to bo logarithmic, of the form 


where q is the period of iridiietion where absorption is proportional 
to time. Also is diminisl^od by a large amount of drier; hence 
be suggested that this stage corres])onds with molecular autoxida- 
tiou and that ]U’obal)ly molecular and atomic oxidation proceed 
simultaneously. Later {J. Buss. Ph'js. CJum. Soc., 1008, 40, 276) 
he suggested that the oxidation of linseed oil wa.s a process of 
molecular aiit oxidation accompanied by a deconi]’)osition of tin- 
products of the rcactimi into volarih- and com})lex substances. 
He also supposed that tlic al)^orl')1i()n could be carried out without 
the formation of volatile products if metallic oxides were present, 
but, as will 1)0 shown latc-r, this is crroneou.s. He considered that 
his results slunvcd tliat the oxidatitm in lihus and in solution in 


the presence of driers pro(*ocdcd by the sa]iie two stages^ namelv, 
aq ~ j for the induction period, 

~ I'-, {o - To) after ilie indued ion period. 


According to I'okin, O.^twald's formula for autoxidation does not 
hold, and also the reaction is proltahly onv of autoxidation, the 
fuiictioji of the di'icr being rcpi'ocnted l)\- 

AOo b- AO-;- 130, 

(Oil.) 

where A denotes a metal. 

Ingle also (J. >sbc. Ckm. 1917. 36. :]79) has put forward a 
catalytic hypothesis according to wliich the 1 ia.de (li-ad) oxide tir>t 
hydrolyses the oil and then acts eatalyti-ally by forming ai] unstable 
peroxide. Orlolf (J. //)/,«. pv./iPKp 42, i;rKS; 1911, 

43, 1509} found that li'mxyii imsaturated, tliat the correrl 
apparent oxygen value was 15 -10 p(T cent., and that, 

with a cobalt jlner, .setting took plarr when the ai).sorption wa> 
12 per cent. He found tln\t the e-jUiai()i! ha- the reaction ajtproxi- 
mated to the empirical e<iuatiriu 

^')(/> - 0 , 

* ilultlcr (iiit;;) asriLuiiud driers to bu (;ata]yst,s, 
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where A is the total amount of oxygen absorbed and ii is a constant. 
Thus Folcin and Or] off consider that tlic action of driers is catalytic 
and that the apparent oxidation curv(' aj)pro\iniates after a time 
to that of a uni molecular reaction. 

If the action of driers is purely catalytic, that is, if they act in 
no other way than as oxygon carriers, tlicn it can 1 h.‘ assumed that 
the true oxygen absorption for a givem oil is a constant quantity, 
no matter what the drier nnqv bo and iio inattcr what its concen- 
tration. Unfortunately, apparently no data exist on this point 
save, perhaps, those of Lippert (Z. U/u-u?,, 18DS, 11, 412, 

4‘}1), which show that the niaxiinufu apparent o.wgen absorjj- 
^ion gradually decrea.'<es as the amount of drier inerea.ses. As all 
his work, however, deals with oxygen Viilues, the ligures 

ire of little use.* 

Aceoi’ding to Fokin, tin' following iiu-tals and their salts act as 
Iriers, the most active being placed first 
Co, Mil, Cr, Xi, Fe, lb, Pd, Pb. Ca, Ba, Bi, Ilg, U, Cu, Zn; 
:hc metals following lead are only wi'ak drim-s. 

In this investigation, litliarge, r(‘d lead, niangaiu'se borate, lead 
leetate and cobalt oxid(' were talom as being a fair representation 
jf the numerou.s driers used eommereiallv. 


X r E K I .M i: N T A L. 

The same linseed oil was used as in the determination of the true 
oxygen absor|itioii of oil alone, and the ap]Kiratu.s was that fully 
described in Part I of this n'sejiieh (/or. cil.). The true oxygen 
absorption of the oil was 2S'7 ]H'r cent., and its iodine value I84'i. 

The drier in each ease xvas ground ;is iinely us jinssihie. 

A known amount of oil was placed on a tiller- pa per in the xvay 
aln'adv descrilK'd (Joe. cit.. p. 1 Idl) and the drier was deposited on 
each surface of tlie oil tihn in a thin uniform laver bv allowing it 
to fall oil the }ia]»er in a tine elnnd from a heiLdit of about 30 cm. 
Care was taken to cover the surface of the oil as completely as 
possible, but, on the other hand, a relatively thick lilm of drier 
was avoided. Tlu' prejianal ])aper was «piiekly ])laeed in the 
absorption a])p:iratus, whieli was then tloodi'd with liydrogen, 
iicated to tlu* (h'sired icmpi'ratnoa and linally flooded with oxygen. 
Ihe sLibseipU'iit proecdnie was t'\a<-tly tliat di'serilaal for the 
determination ol tlie owgrii ab>or]ition of the oil in the absence 
‘li a di'icr [for. cif.). The lasulls obtained with the aiiove driers are 
given in Tabic 1. 

* I'nitririii [(.'hr, II. /.<■', t.. Iiiii4. 38. 1 10(1) ovfrkxiks tins fart in tii.-? diseii.ssion 
uf itie subject. 
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Table I. 


Tru( OA'ijgen ahsorptioii in fhe presence of driers. 


Oxy^^cn ‘ 


Drier. 

Weight absorption, 
of oil. rt-'i’ 

(iram. cent. 

Drier. 

('ohftlt oxide 

O'odi:) 

24 '0 

Ited lead 


mtiy.ss 

2ti'4 



u-yitoG 

27-3 



(i-.lSTtl 

27'4 


Litlmrgc 

n-jO^U 

]7d> 

l.rad iicL’tatc 


0-Ci24r, 

tt-7738 

t -tii'cMl 

^ 17d 

IT'O 1 



n-o070 


M;iugancs{^ borate 0 -G.j 37 
(l■(w40 

0').') 

2.3 -G 

2:bo 



Oxygen 
absorption, 
of oil. Per 

(Iram, cent. 

0-r)(i48 17-7 

(.l■5‘)b4 17 '4 

ii-TIlOO 17-1 
(>•0120 IG-H 
o-7;ioo 23- y 

0-.78-U 20 -I 

0-6:lS2 21-8 

()-r)030 20-0 


1 Mean 

i ' 


Cobalt 0.r/(/e.-'Tlu' black " chcooically \nuv'‘ oxide was ignited 
li('fore use. The drier m;is very dense, and some difficulty was 
experienced in obtaining a good distribution avithout using a 
relatively tliic'k layer, '.rhe results are all lower tlian the true 
oxygen absoi-jrtiou for llu' oil alnne. but no constancy is obtained. 
This may be due to the inffirior distrilnition. 

Lithanjf. — This was a go(jd sample free from imdal or peroxide, 
It was ■ extremely tine and was exceptionally easily deposited on 
the oil surface. The distribution was particularly good, and as 
far as could be seen was all that could l)t' dcsin'd. These results 
are again loner tJiau tb(>so obtained without a drier, being about 
0-0 of Ibis value and a])pi'oacliing the la'cogniscd apjtarent oxygen 
value for the oil alone, jiameiy, 18 per cent., but they differ from 
those obtained with cohalt oxide in that, with the exet^ptinn of 
th(^ first value, they arc quite constant at 17-1 per cent. 

ManganeSf Borati-. — This was; a sample of the eonuuereial articli'. 
Although thoroughly ground, it was extremely difficult to distribute 
it satisfactorily. The results are again lower than those olfiained 
without th(' drier. 

Bed Lead.- -liiis drier, like the munoxidt-. was extremely tine, 
and the distribution excellent, being Ixuli thiri and tinifonii. Tlif 
deposits on the papers after oxidation woiv still brigltt red. Thesr 
values are again much k wer than tlrnsr* obtained without a drier, 
and are fairly constaiu at 17- 1 go!' cent,, tlm same value as for 
litharge. 

Lead Acefak—TliQ cecrystallised hyili'atc. hb((.bH,jO„).>.3H..<.). 
was used. T. this ca>e it w:s very difficult to secure a gu)od dC 
trihution, and tlie vcsidt-- therefore arc mU 1 ruslworliiy. Thev 
show, howe\er, tliat tin* amount iif oxidiition in the presence c* 
lead actffiato is smaili'r tl.ari ihet lu ttie ab^ciKC' of tlu' drier. 



/ ;d.i 11 > fi/ixfj 
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T/je Oxidation Curve fi. 

Fig. 1 allows the curves obtained for the oil alone and for the oil 
with cobalt oxide and with litharge or rerl load as the drier. In 
the ease of the lead oxides the reaction curves are coincident over 

Fn;. 1. 


Oxidation cunxii for liitmrd oil. }rith and u'ilhon.l a drier. 



22 THE MECHANISM OF THE OXlDATIO}^ OF DRYl.NG OILS, ETC. 


their whole length. In the prei^eiice of tlio drier there i« practically 
no period of induction, but the time rcquirc'd for complete oxidation 
is the same as that recpiired for iIk* oil alone without the induction 
period. In the presence of a drier, tlun’cforc, only the induction 
period i.s shortened, tlic rate of the jnain oxidation being unaltered. 
kSinco, however, the iiiduetinn ])eri()d fo]‘ oil alone is extremely 
large at the ordinary temperature, the '‘accelerating” effect of 
a drier becomes explicable. 

The method of experiment in this investigation might possibly 
be criticised on the ixi’ound that the kn\’ oxygen absorption in the 
presence of driers may b(‘ due to the compound forming a protectivs' 
la 3 X'r on the oil sin’fa(;o, tluna'by ]n\'Veiiting its oxidation. This 
objection a])j)cars to be negatived, lunwn er, by the following facts : 
(«) the valuc.s for the oxides of lead are quite constant, (6) conn 
plete oxidation lake.s place, and (c) the reaction curves, although 
indicating a smaller ox\'gej'i absoiption, do not run parallel to the 
curve for oil alone. Also, as will be seen from Fig. 1, the curves 
deviate even more than ilu' eur\e for oil alone from the simple 
logarithmic curve suggested 1>\ Fokin and others. 


Di-iVU-ssioK of an'! 

From the foregoiiig results it is evident that the pre.sence of a 
drier modifies the course of the oxidation of lins('ed oil, because 
in every case the oxygen absorption recorded is ioucr than tluit 
observed when no drier is ju’esont, and the ^'action curves uiv 
different. Analogous results were obtained by l\torrell (T., 191s. 
113, 111) in his im estigatiou of the oxidation of the cerium salts of 
liiiolenic and or-ela?ostearic acids. Accoi'ding to these results, 
a*el<eostearic acid, an i.soiueride of linolie acid, in the presence of a 
cerium drier, absorbs onl\' one molecule of oxygen and not two. 
'Ihe oxidation of linolenie acid, lunvevcr, ai)j)cars to be far mori 
complex. The acid used was doubtless jni.xturo of the a- aiul 
fi-i.soraerides, and, as has Ijceii shown in Pai i 11 of this work, tlii^ 
would introduce undesirable eomnlicaiitiii- (T,. !!)21, 119. IJo.s,, 
His results show, howew'r. tluit m all [Ji’obabiiity the oxidation of 
cerium liuolenate is inn. .so exteusiv., as that of free linolenie acid. 
If ill the case of linolie arid jiad oxide as a drier the oxy'Luii 
absorption also amouiUs to one nndeculo, then this accoimtrior 
u'o4 per cent, of the ab.-'uiqition ot oxvgt'U by the oil emploved in 
these. expcri''icnt.s (com])are T.,, HiH. 119,^ Ull). This kuivr' 
ll'or) per cent, for the linolenie acid, which means that, in the 
presence of thi.s particular d.icr, the acid absorbs exactly six atoin^ 
of oxygen, .ibis sup])osition ijas i'ccei\'ed no direct experimenia] 
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confirm At ion, but in the light of the results given in Part IT and 
ill Morrcirs work it would seem to be very probable. 

Tt is also interesting to note that in the presence of a drier the 
amount of carbon dioxide evolved during the oxidation is approxi- 
mately the same as for the oil alone. Owing to the basic properties 
of the drier, however, an accurate estimation of the volatile products 
was not possible. In the presence of driers (PbO) no trace of 
hydrogen peroxide could be detected. 

Ill the tight of the above evidence, although the drier may 
remain unchanged — an assumption tliat has yet to be veritied -- 
it does not act as a catalyst in the sti'ictest .sense, because it obviously 
changes the counse of the reaction. Thus the large amount of 
work ivhich has been carried out in the ])r'csenec of driers and based 
upon tlie assumption that the latter are true catalysts, is not 
comparable with that done on oil alone. 

Tlie author takes this opportunity to express Ins great indebted- 
ness to Professor F. 8. Kipping, F.P.8., in whose laboratory the 
experiments nere carried out, for his con.stant advice during this 
work, and also to the Commis-sioners of the 1851 Exhibition for a 
sebolarship which enabled him to complete the investigations. 

Okcanic Chemical Laboratouv, 

I'he University, 

Leiden (Holland). iliaiicuJ, (Jviobir 11J21.J 


iy.~Calechulanni(hb-. Pari L Paullinia Tannin. 

By 1 \Lvximiliax Xii:ki:n.stein. 

It has recently boon suggested by Preudenberg (/kr., 1920, 53, 
[B], 1417; compare Lowe, J. pr. Chtm., 18(38, [i], 105, 33, 75; 
Eiti, Motmlsh, 1889, 10, 4(i7) that the caieehutannins are amorphous 
deliydration products of eateehin. As evidence in siiiiport of this 
view, Freud('nl)erg (piotes Kirmsse {Arch. Phcuin., 1898, 236, 122), 
who, during the course of an iiu'cstigation of guarana, a paste 
obtained from the seeds of Panlluiia aqmua, 11, B. k K., was 
able to isolate a crystalline eateehin in addition to amorphous 
guarana tannin.’^ A deductiem laased on this ob.>(n’vation cannot 

* For a suiriinary of the liTorauiri' of oatcrhuTaDnin.'; in g«'noral. and 
of and punllinia laiiniiw in partieuliU', see Perkin and Evoivst, ‘‘Tho 

•N'aTtjful (JrgfiiiK,' PuJourinj; -MaUersA lUlS, aiul Dekker, " Die Uerbstolle,'’ 
hU;i re.spec lively. 
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be taken seriously, since the manufacture of giiarana involves a 
series of vigorous processes, inolinling the roasting of the seeds 
(compare Planehon and Collin, 'Les Drogues simple d'origme 
vegetale/' 1808, 2, aTO). It- is tkeipforc' very i)robab]e that the 
patechin fouiui by Kinnsse in guaraiui .is a dishucgration i)roduct 
of gnarana tannin. 

The results oVdained by tlie author are in ev(‘ry respect opposed 
to Freudenberg's theory, since paullinia tannin is found to be a 
crystalline substance, consisting of on(‘ nKheeuie of dextrose and 
two inolecnles of gainbier-eateehiiK'' earlioxylic aeid.^ The latter 
acid is not identical with the s\ nthetie gandiier-eateehin carboxylic 
acid ptvviously descriliod {AinuilaL 1010, 396, 194). As these 
two acids are probably i.<oineride.<, it is proposed, provisionally^ 
to employ the prefix a for the synthetic acid and 3 for the acid 
occur ring in paullinia tannin. 

The present investigation slioi\s that the two nioleeule.s of 
^Ujamhier-catcchifi rorboxi/Jic md in ])aulliiiia tannin form a depside 
(compare Fischer, /icr./lOIT 46. since the inethylo-deriv- 

ative, prepared bj' the action of diazmnetliane on paullinia tannin, 
yields tetramethyl ghieose on hydrolysis [eom[iare I., 1021, 119, 
284). As paullinia tannin contains a fivi^ carboxyl griiiip and tvhen 
hydrolysed with emulsin yields both 3-gambieraateehiii carboxylic 
acid and dextrose, it bf'comes also evident that this tannin is a 
normal glucoside (compare Fist' her and Strauss. Bcr., 1012, 45, 
2467) and not an acyl dei'i\nitive of glucose, as <issiimed by I'ischer 
in the case of gallotaiinhi. 

Our incomplete knowledge of gambier-eateehin makes it impossible 
to discuss the constitutions of 3-ganibier-eateehin eai'l)oxy]ie acid j 
and paullinia tannin, lienee at presc-nt an ('in])irieal formula only is 
a.ssigne(l to the latter ; 

Ci-H^O(Ull)yCU-()-C^01,()(()H)3-{'(ldI 

Itsbould be noted that the inetliylo-fleri\ative of iiaullirtia laiiniu, 
on hydrolysis, yields, in addition to letrainet liyl glucose, 
mrtho.nj- and (rim<’ihox!j-'yij<.unhi> 'dn' n i indo^'ijlic (irid. Tlu- 

* TIjc cuft'elnii l^y in •jiiiCMii.* i" i>lj\jiai>ly miintifiT- 

cateehiii, aUlious.ih liu nit n.i [ojil' C'liii! iiis |.if iilii,-! I'riuiipaiv -A. t.’- 

Perkin and T o?fli!lake. '.t'.. ISi'i', SI- l IK.'i,!, l-’ieU'l-.'iita'ruV 
['’ Die Cti(‘niie der iiaidilii'in'i) v-.-itir 'ni';-’. ' ItiL’ijj mt riir >[ir. i;d luim-' 
eatceliin for ifils .siib.'t.tiico is '.ou ntly nor r;'!|uiit d. 

{ The .arapbical f' unulu [/o \ jen.'ly tu a-eainhiri'-D.itei liin f'Hi'h 

oxylie aeifl rd., n. .1 li-o i.- '.di liih.cv ii, a ., it (,u [lie eiitei'liii] 

formula of Kosouieeki aii'l • i.'jo-.^ ilioi;. 39, lnufy wliidi }iar> 

become mitetmble ,T,, lUJci. 117. iryp. 
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latter acid gives a pronounced green coloration with alcoholic ferric 
chloride, thus showing that in paiillinia tannin the catechol nucleus 
ill one molecule of li-gambior-eatcchin carboxylic acid is combified 
directly with the other molecule of fj-garnbier-catechin carboxylic 
acid and also with dextrose. 


Exp r k i m e n t a l . 

Prepayado)! of ParJlinia Tatinif‘. 

The seeds of Paidiudacnpai'a arc oxlractcd in a Soxlilet apparatus 
with (1) ether and chloroform to nnuoye chlorophyll and fats, and 
(2) ethyl acetate. dTe tannin is removed from tlu‘ latter (extract 
hv shaking with a solution of .sodium hydrogen carbonate saturated 
with (‘arl)on dioxidie Tln' acidili('d a(ju<‘t)u.s solution is again 
exti'act'v'd with t'thvl aeetat(\ the (‘xtract dried ov(’r anhydrous 
sodium >ad{)linte. and tlu' residue obtaiiual on evapi>ration dis.solved 
ill h.ot water. The eold solution is shaken \sith 3 to a grams of 
fat-free easeiiiogeu in order to remove' any amorplious tannin 
(compare T.. l(H!h 115, IITjO). Th(“ liltrat''. to whieli a few drojrs 
of chloroform an' addl'd, is allowi'd to ^Tand in. the eold. Crystal- 
lisation (‘ommenee.s aft< r three to four <lays, paulHnia tannin 
separating in small needles, The.-t' are lilte'red and reerystallisi'd 
several times IViun water, eliioi'ofoi’m la'iug added (‘aeli tiiin*. The 
average yield from oOO gi‘;nns of llie se'e’ds is 12 grams, which may 
he inerea>e'd to l(i grams em eoneeiitrat ing the jiltrafes (Fouiiel ; 
(‘ - 55-!), 5<i;C MU): ][ v 4‘(b 14, 4-5; ('().,H ' 5-7, 5-(). odC 

re'ijuire'S C - - 5li'2 ; M 4-4: ( -- 5-5 ))er 

ei nt. Found : M in aleoiio! 71)5, S2n S 1 fi, S4b : 4/ in watf'i' bnd. 
S72. 840, S:h). ( ale.. ,1/ -Sl2). 

P(it:l(ii<ia (nj'idii eJ'ysiatli>o.'- fniin w ateT in inuy-e nloureMl ne'e'dles, 
wliicli melt eit !0!) 2ol , earlioii dioxide being e'Volve'd. At 130y 
it loses two inoleeiiles of wate'c of er\ stallisalion (Found : 
I1.4> 4‘2, 4-3. (iale., 14,,() 4-2 pe'r e*e'nt.); the anhydrous 

|ii'e)(luct im'lts at 251)- -201 , witii exeilution of earboti dioxide and 
de'euir.persitimi. 4’he tannin is soluble in aleohol. e'tliyl acetate, 
ejr ae-etic acid, but not iti any edlun e)t'gaiiie .solvent. Paullinia 
tannin givers all the ty[)ieal colour tests of the cateehutauuius and 

* at RlfV. 

t Hy tim ui('tliii4 cii Hauniemii mid Kux (/, 'HioI. ('hoti.. ISSrt. 32. 12!)). 
rrf'liiuntary r\[it'i-iiri(‘iits willi [ihltn-d^l tn'triolcai’lioxylu' at'iil. groteH'atocliinc 
und 2 ; .'i-(l[)iy(li-nNy]H'iizoi(‘ ai'id.-^ pave good re.-nlis hy this iiK'thexl. which 
'ois. Itowcvor. futiiid not In’ t fusl word) y in the rnse^ of giillie’ acid and 
pyugalioli'aidmxylii- atid. 
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is precipitated by gelatin ^ and alkaloids. Tlie crystalline sodtym 
and po!((ssium salts are obtained by neutralisation of the tannin 
with tlie corres])onding carbonates. Tliey crystallise from water; 
they do not nudt below 820" (Found : Xa — 8*2, 2*9. Calc., Na ^ 
2*7 per cent. .Found : K — (i*l. Calc,, K — o‘7 per cent.). The 
dextrose content of paullinia^ tannin is estimated in the same mannei' 
a.H in gallotannin (T., 1921, 119. 279) (Found: dr.^lroso — 21*0. 
21-8, 22*8, 21-0. Calc., dextrose - 22*2 [)er cent.). The dex- 
trosazone (m. p. and mixed in, p, 202—204'’) \\as also prepared 
(Found; X --- l,r9. Calc.. X — 15-0 jier cent,). Paullinia tannin 
gives the following 0 ]hieal data t : [v.]]) —74-4® (10 per cent, 
.solution in water); [x];" — 80*1”' (S ])er cent, solution in aleoho]): 
[xjk — 4S-1’ (6 per cent, solution in acetone); [a])’;’ — db-R' 
(8 per cent, solution in inTidine). All .solutions exhibit muta- 
rotation, v. liieb is most evident in the case of the pyridine solution. 
The rotatif'u falls from [txjf’ — dO-S" to — 11-4" in sixteen minutes 
and to — N*(V in forty minutes, wlicii it becomes constant. 


Action of Ejn'A-^^'in 0 )i PauJJiiiia Tannin. 

To a solution of 10 grams of paullinia tannin in 200 c.c. of wa.ter 
0*3 gi'am of emulsin (from bitter almonds) in 7d e.e. of water, and 
d c.c. of chloroform are addl'd. The solution, on ko(‘])ing at 87' 
for eight days, depn.^its ti mass of crystals which are filtered olT. 
4'he nitrate, tre('<l from une]iang('d ])aullinia tannin with the aid 
of lead acetat(' and hy<lrogeM sulphide, enutains dextrose, whielt 
is ideutitled as th(' dexti'osazoue (m. p. and mixed in. ]), 20l — 208 }. 
The solid fornad by the act inn of einuKiii crystallises from water 
in small, pointed needles and is ojitieally imietivi* T^janihirr-ratt chin 

carho.ryJic arifl, whicdi nu'lts at 2d2 2d8 . earhoti dioxide ladne 

evolved (Found;: - :)7-8. d7-d; H - 4-S, 4*4. 

reijuircs C — .)7’.»; If - . 1-2 j)er cent.). 'Hie acid is soluhl(' in 
alcohol, ethyl acetate, or aeetie acid, iiut mh in anv other of the 
usual organic sol\euts. On lieatinL^ an aleuhnlie .solution of tlie acid 
with [lyridine for several hour.'> (etmipaiv T,, HUG, 109, 598). gandiii'r- 
eatechin is readily obtaiiu'd, The' latter, (ui crvstallisation from 
distilled water, melts at . uhieh is the melting ])oint 

T‘reu(]('nbf' 7 'o s I' D Kejt* 53. /p. g’tfi; daif a^iniihic^r-eareelilii 
is precipitated t,y trv.i.n in i> md! eorn'ev ns n'lum.'d ohsiMvnt ions in ihi^ 
laboratory have dtown, Hi- 1 Wsyrvat ion is oIm. n.aiirniy to all previoie 
data on tins jxiim iDormpare. tor f.\n!n].i]c. Proft-i-. " I^onliior Imlustrii's 
Laboratory Jlooh. ' iDds. n, Hhi;. 

t ^ “ ‘t'-t ffir all optical obscrviit iutis in tlii.s p.^jior. 

* Dried at lOO' in a vacnuni. 
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given by A. G. Perkin and Yoshitako (T., 1902, 81, 11G3) for 
(Tandiier'eatecliin. This nu'lting point is not d(;pressed wlien tlie 
substanee is mixed with authentic gani}>i('i'-(:atcchin (.Found*: 
C =. C2-0; H 4*?). ( aio., C 62-1 ; H ^ 4-8 per cent.). The 
ucc'tyl derivative was also pr(‘j)ared. I t melted correctly at 124 — 
and showed no depression wlum mix('fl with autlientic penta- 
aeet y 1 -gam bier- ca 1 echin . 

Diazomethanc convcTts |i-gainhier-eat(a:hin-carl)oxylic acid into 
the corresponding pmldmtlhoxij wclhyl r-slf'r, which crystallises 
from light petroleum in long iKM^ilfs, melting at 74' (Found t : 
(' — G3-3; H G-.V re<|nires (‘ - Ij:h2; II — 0-2 per 

cent.). When oxidisi'd with ]>otassiuin jK'rmaiiganate in alkaline 
solution, veralric acid is ohiained (m. p. and mixed m, p. 179 -ISO'T 
(Found : C -- 59' 1 ; H - "cS. (’ale., ^ T)!!-!!; H := 5-5 per 

cent.). In this connexion it is interesting to note that the 
methyl e.ster of pentam(‘tlioxy*a-gambier-eatechin carlioxylie acid 
(m. p. 92 ) previously deserihed (/or. clt.) gives uiuier similar con- 
ditions /yolieiiii|)inie acid and not veratric acid. 

The inactive li-giiml)ier-cateeiiin eai'hoxylie acid yields a crvstal- 
liiio salt, long, jjointed nee(ll(*s from water, which melt 

at 222- 223 (Found : X - 4-5. Calc., X ^ 4-2 per cent.). The 
sail, luiwcver, was found to hc' tlic mo,-t suifal)l<‘ for the 
resolution of the acid. The t wo ojiticallv active forms are obtained 
on fractional erystallisat ion. the salt of the ^/-forjii being Ic.ss soluble 
tliati thej of th(‘ /-form, ficc acids arc obtained by decompos- 

ing [lie i|U.iiinv' .>alts with MHliiim hydroxide in the cold. 

r-(‘f(l(:chtu rarhn.njhr I'lrul erv.-'tallises froni water in 
niicioscopie iicedh's, wliieli melt at 219- 2ol . earboji dioxide' l)[aug 
evolved (Found i : 57-(C H - 4-5. Ca!e.,C 57-7 ; II - - 4-2 

{R'l- cent.). 4’lie rotatoi-y power in water (5 per rent, solution) is 
12'fi ; in alcohol (7 per eiait. solution) I’jf];; - I7'fr. 
'(finhicr-t'afa hi ft vtirho.njlii' nci<I crystallines from water in 
fairly large needles, ^^hie!l melt at 2.')Sl 2GL . earixui dioxide being 
t'vo]v(‘(i (Found i ; (' 57-3: II 4'3. ('ale'.. C 57-5: H ^ 4-2 

]K‘j' ceaiL). Tlu' rotatoi'v power in water (5 pel' etmt. solution) is 
|7|i: --22'4''’; in alcohol (G per emt, solutiem) [-/.y, -31'G . 

Mflhylfdfd PunUiniu TdiUtit). 

I lie nieth yl<ederivati\'t.' i> olitaiiied in excilltmt vield hv the 
action Oi dia/.omet hanc mi an ethereal suspenhon of paullinia tannin. 
It <ayst;dlises f?’(Hn dilute alcohol or aeiioru' in small nt'edles. wliieb 
melt at I2G J27 llonindv; (’ GO-ih GO';), fii). | ; |[ G-G, G-o, 

* CotU jit lUUn J)ne(i in n \ evni- p'ai'ai'tiii. ; Dried iit 130'. 
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64 ; OMe 48-2, 43‘0, 434, C 38 H 23 O. (OMe)i 3 requires C -= 60*5; 
H -= C‘3; OMe = 43-1 per cent ]. It is soluble in all the u,sual 
reagents with the exception of water. Ihe rotatory pow'cr in 
alcohol (0 per cent, solution) is [a]i: ~ 31‘S’°;* in benzene {S per 
cent, solution) [xjlt — 2G4"‘ ; in chloroform (6 per cent, solution) 
[a]'if —37-7°; in ..<;-tetracliloi'oethano (7 per cent, solution) 
Wir- 47-lb 

Hijdrobjsis of Methjlair-d Panllinia T Eight grams of the 
methylo-derivative arc livdroly.sed in a sealed tube with 100 c.o, 
of glacial acetic acid a.s (lescrilicd in the case of methylated gallo- 
tannin (T., 1921, 119, 284). The semi-crystalline solid formed 
consists mainly of carboxylic add, 

which crystallises from ah-ohol in small lua'dles, melting at 
174— 17o" (Found * : C OOr); H - :)•:>, require.s 

E --^4U}-0: H -- r)-3 ]K']' cent,). On melhylation with diazo- 
methane, it is quantitatively converted into methyl peritamethoxy- 
h-gambier-cateehin eai'boxylate (m. ]». and mixed m. 1 . 1 . 74'). The 
acetic acid filtrate give.', on addition of water a bulky precipitate, 
which consist.s mainly of potiiainelho.vy-p-grn^ibnr-catcchin carboxylic 
acid. It cry.stalli.sc.s from aleoliol, acetic acid, or ('thyl acetate in 
pointed needles which melt at 19(i — (Found*: (.'--~62-2: 
H — 6-3. requires i' — ()2-4: H --- 6-0 per cent.). 

Diazomethaiie converts it ijuantita lively into the methyl ester 
(m. p. and mixed m. p, 74'). 

The remaining till rate eontains tel ra met by I glnco.se, which is 
Isolated in exactly the same nnunuu’ as used iu the ea,s(' of methylated 

gallotannin. ft melts at 91 93b and the melting point is not 

depre.s.sed by admixture with auilumtic tiUraraethyl a-glucosc 
(Found ; OMe ~ r)2’2. Calc.. OMe r)2'b per cent.). 

This investigation has. with many interruptions, been in progress 
since 1908, during which time the author has had the collaboration 
of Me.ssrs. C. W. Spier.s, i\l,8e,, and R, Barr. B.Sc,. for which he 
wishes to thank them. He also wishes to aeknuu ledge the help of 
the late K. C. K. Daniel, B,,Sc, Th(“ author is also indebted to the 
Director of the Servico Sanitario of Manaos, ^’orth Brazil, for a 
liberal supph- of jnatcria' used in this investigation, and to th(‘ 
Colston Society of tlu^ Cniversity of Bristol for a grant in aid 01 
this research. 

TdE Univeksitv, Hki.' -'oi,. Xort /tibi r 2‘2nd, IU21.( 
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V Researches on the Metallic Carbonyls. 

B}' Horrrt Ludwig jIond and Albert Kdwakd Wallis. 

!Moxd, Hirtz, and Cowab (T., 1910, 97, 79S) dfserihc tJie methods 
hf [ireparation and some of the pro] )Cf ties of tlie metallic carbonyls. 
Wo have continued these researches, but onina to the gn^at difli- 
ciiity with which these compounds are pn'pared, our knowledge of 
their chemical and physical properties is still very incom])Iete. We 
desired, for instaiKM', to study the co]n])ouiid hut it 

required two years to prei)are 170 milligrams of this carbonyl, using 
the apparatus and methods fh'scribed in the above paper. 


The Coi,)po.'<ition of MoJ>jh<hnnm Carho)ujl 

The analysis of thi.s eompcjiind, as given by M(.)Md, Hirtz, aiid 
bowap, i.s Tound, (.'() gram. Mo 0'0279 gram. The 

foruiuht is therefc're Mo((.'()),..'‘ 

The actual ratio Mo: CO given by the above analysi.s is 1 : 571. 
Reference to the authors notebook showed that thev found 0-0249 
gram of Mo, and not 0-(i270 as published. This gives a molecular 
ratio of 1 : 0-01. 

It .seemed desirable, howevei'. to repeat the analvsis of thi.= 
carlinnyl and this we did by two tlifb'nmt methods. 

hi the lij'st analysis 4(i mg, of the carbonyl were heated in a sealed 
tube for ten hours at 240 , whendiy thf‘ compound was completely 
deeuiniiosed. The re.sulting gasi's were measured and analysed, 
and the molybdenum remaining in the tube was dissolved edit and 
pstiinated as lead molybdate (Koinid : Mo: CO 1 : 5-20). 

hi the second analysis, !n:i ]ng, of the rcsnhlimed carbonyl were 
[leciiiiipused by bromine water, Th<' evolved carbon monoxide 
«as ciilleeted, measured, and analysed, and the molybd(mum in 
soIiKioii estimated as lead molybdate (Kound: <>2-0 mg, (’() coul 
fh.{ nig. Mo). 'I’liis gives a molecular ratio Mo :<'() : 1 ; 5' IS, 

Iliest' analy.ses suggest that (he compusit ion of moivbdemim 
paiboiiyl is not nquvsented l>y tlie formula Mo((q)]^., and' tiiat the 
fiieln-iih' i.s very large, the (‘on.stitiition of vliieh is probably 
P'bA'OL,.. Molybdenum carbonyl is almo>t in.soluble in benzene. 

or other common .solvents, so that it.s molecular weight 
pamiot b(' determined by tim cryos(‘ojiie method. 
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I{ i( ( h e niitm Ca rhon ijl s , 

The existeiioe of a volatile- coLip(ain<l of rutjienium and carbon 
monoxide was mentioned by .Moiid. Hirtz, and Cowap, It is 
obtained by healing the nietai at 300'' with carbon monoxide at 40ii 
atmospheres. We' ha\ e not obtaiiual siilHeient to determine its 
composition. This carbonyl is crystalline, and is soluble in benzene, 
but is insoluble in alcohol and in water, 

Non-volatile Jhdheninni Carho/ij/l -Upon examining the content^ 
of the retort after treating rutlnmium with carbon numoxide h.i- 
fifty hours at llnO' and lloO atins., we found a qiiantit\' of chocolate- 
f)rown powdm-. nliioh >\as insoluhlc in bcaizetu' and readily soliil)](. 
ill alcohol or water, 'rhe l)ulk of tlu’ powder was dissolved in aleolio!, 
liltercd from the imattacked ruthenium, ami tin* solution evaporated 
in a current of hydrogen at Sob The residin' was tlien driial in a 
vacuum at -fttb Tlie resulting hiowii. amorphous powder possessed 
all tile eharaeteristie j)r*>pei’ties ot a nu'tallic cai’boiiyl. 

Th(' powder was aiialys'cd by iiealing it in a .<ealed tube at 40tl 
for s('\'ei'al hours, aftm wbici! the gases in the tube were measured 
and analysed, ami tiu' (lepo>‘ite(l rutbejiium metal nas ('.stimated : 
(.i4-8 mg. of the powder eontaiued 42-1 mg. of Ku and 24-S mg. of 
CO. This gi\(’s a mob'cadar ratio Hu : CO t : Ihc com- 

pound is therefore Ibi(CO).^. 

This new metallic eaiboiiyl (litters from all others by being 
soluble in wat('r and eompletely iii-ohiblo in benzene. 


Uv.;. /bOmW;-/.;.,//. 

This eom]iouml wa.- de-ei'ilK'd in a papm' by the lat(' Drs, Lud\^■i'.' 
Mond and Quincke (db, IsPl. 59. (O-t), It has bc( n comparatively 
easy to pre|>a]'e it in small (|uantitie> up to a few euhie centimetres, 
luit, in spite of eontlmiou> efforts, it n;u. fuiind nearly inipossibli 
to obtain a reasonable yield, although ui* ba\ e inidertakeii a eand'iil 
examination of the yield at ditferent temperatui’{‘> and jm-ssuri's sn 
as to obtain the liesl conditions for the prf[>a ration of this eompouiid. 
The following pres.surc--,' lujicratiiie e.\[S‘riim'nts were cari’ied out 
in the high-))r(*ssure aj)perutus jnxu ioiisly descrified (Mond, Hii'lz. 
and Cowap, loc.'cif,). 

The retort used had a total capaeit}' of Mh'2 e.e., and into thi.s weiv 
placed 30 grams of finely (iiv itb'd (pyotpluade) iron, whieli had been 
prepared by the reductiMU rif leri’ic <.»xi(le lyv hydrogen at doO'b 'rhe 
iron was then allowed to n-ae^ wilh oaibon monoxifle at the desired 
temperature and at con.staiit pi'essure for two lunirs. The gases in 
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the retort were then ra]hdly passed through tubes cooled to — 20'", 
and the condejised iron pentacarboiiyl \\'as measured. 


Imi 'pm.tacarbonytf Ff(CO),^. 

Pressure-ton pcrature experiments (lOU /o :}()() atmospheres). 

I j . — 
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We have j)l()tt('d thoe results, and the eui vt-s >hnw Ikiw rapidly 
the format ion of the carbonyl diininishi's above 2iN,b, I’]) to this 
teiiijK'rat lire, tlns’e is practically no eoiu'ersioii of eai’boii monoxide 
inlo carbon dioxide and carbon, but above it the rate of ilie reaction 
2t 0 - COo •• C' increases as the }’ield of earboii\ l decreases, 


y i('l'd ('arhotiyl (uid Ox/pjoi. 

^ome attention has l)een directetl to the varnish -lik(' sedid which 
^lond, Hirtz, and C'uwap state to be a colloidal oxitle of nickel 
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obtained by licating at 200“^ a mixture of nickel carbonyl vapour, 
air, and carbon monoxide. If moist carbon monoxide containinir 
about 0 ])er cent, of nickel carbemyl vapour and sulKcicnt air io 
oxidise the latter is passed tbroimli a tube at 200^ a golden-yellow 
dejxisit i.s obtained. As the de|iosit tliiekeiis, it becomes oparpu' 
and metallic in ap})earance. KepeaU'd ajialysis of lids substaiui- 
showed that it is a colloidal basic carbonate of nickel of varying 
comi^osition. 

The Lahokatchiv, 

Co.MHK Ha.vic, nu. Sevi:noaes, 

Kent. [R.fn'lirtl, Xoriinbcr 1021 ], 


\L—Thc Action of Xitric (Iride. on the MefaUic 
Carbonyl^. 

By Roulkt LcDUio dloxD and -Ilulkt Kow-iRo Wallts. 

iSlxCL the diseoveyv of the lirst of tlic iiu tallic carlmnyls l>y Mond, 
Langer. and Quincke (T., ISOO. 57, 741!) u]> to the ])rcsent time, 
many experiments liavo been made to induce the metallic carbonvis 
to enter into a chemical eombinatirm. Hiihcrlo all thesr atteni])!- 
have failed, complete deeompeedtinn of the carljonyl invariablv 
resulting; and the absence of sucli Ciii)ipiiund> inake^ it increasiimb 
diflieiilt to form a sati^faetory thtrirv to the nui'rcular strueturr 
of these remarkaltle compounds. 

Berthelot. who exainiiU'd tlie action of mni'ierf)iis jvau'ents un 
nickel carbonyl {Co/npl. roul.. IShl. 112. 1347). states that wlicn 
nitric oxide gas is mixed with nickel car])rm} l wiiiour. or is passed 
into (he lupikl carbonyi. a blue coni[;(iund <4 nmiplex comjxisitini; 
is obtained. We have endeavduied to ascerte.in tin* eompositk.a 
of thi.s compound. 

If a i p('r ('ont. solution of iln* carluiiiyl in ehioioba'm or xvleuc 
is treated witli nitric oxide ga' ui niMiii uenpM'.auiv. it is eniniiretl 
an intense idue. If. in the ubso.ee uf air. ih,* s,,ii)tion is llio- 
evaporated, a [)ale Idiu* n-ovder n nbtamed, Tins jutwder iias an 
odour of almoiuis. is in.s.hdde in v.ain' other etanim.n solvent, 
a!id is iuimediately deconipos* o' hy dilut( sul};liiiric aei(l with t!ic 
o\olutio!i of oxidt'.' 01 nitj'ogeii. fioiti a sti'ojigci' solution, nr 
Irom pur<; idem*! (’ai'lionyi, .nitric D.xidt* skiwlv dejxtsiis the tdii'- 
compound, It may i)e (iltered, washed with chlorofornn and dried 
in a cunent of caibun^ dioxidi* at a tenijK'rutui'c not abov(* bio, 
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f the loiniierature reaches 90^, the powder decomposes with brilliant 

neandes(:('iice. 

The analysis of tins compound was reiidered very difficnlt by 
he fact that from very larire amounts of earljtjnyl only a few 
eiitigranis of the l)]ne [lowder could be obtained. ^In addition to 
his difficnlty, nickel earlionvi i.s rapidly decomposed by the faintest 
race of moisture, livdroxides or basic carlioiiates of nickel being 
'-nKluced. , 

The compound, or mixture of eompouiids, contained from 37 to 
'2 per cent, of nieUel, 1.7 to 10 per cent, of nitrogen, and 10 to 
,) ])cr (‘{‘lit. of moistui'e, L\eii alter repcaited analysis we are 
iuaole to state definitely the composition of the coni|)ound, as we 
i;ue iK‘\ ei .succeeded in obtaining it in a pure state. Tlie behaviour 
,f the blue compound towards reagents and the violence with 
duen it decom])oses at 90" in an atinoSjihcrc of ineii gas suggest 
iiat it is a compound of numc! and nitric oxide, such as Xi('XO) 2 , 
•md that this (li.^^sociatcs at !Hr with Mii-.i-quent violent reaction 
ii; tlic ])ro(luets. .SahalliT and Seiidercms iCu/apl. /y jo/., 1893, 114 , 
-139) ooserved that liiicly dicided nickel and nitric oxide react 
rith iiK-andesceiiee at lod'. 


Xih'ir 0:riX> T< h-tinirho.-iul . 

The fact lhal it i^ coiiip.iralivd y easy to deeontpow' cobalt 
ciraearbonyl into toe iricarbonyf and carbon monoxhh* shows 
one ot the carbi'n i m mt > m( ic t'aila-ji-s js only siii^litly atta(-hed 
Icli'scai'iinnvl nnm'cni;.. Ib.nrc ii -••,.,,■,(.,1 probable that 
i should bo pos.jbh- 1 ,. rvp!,or tho dightly iiracle.l radicle hv 
nether ermip. Such, in fm t. pinvod to bo'lim rase, 
slic.vly at room ten; jua'amio. but almost instanlaiiciacslv at 4lb, 
i.u;(; oxide' LM.< roat'ts wjtli coliait tel mr.u'iif'nyl t>, iorm a clicrrv- 
t'd h'juid. aith tii<’ (X'oliition ut (-aiboii nionuxido. 

^ Ui' jm-pared sevrrei .-ubic cciitiinctivs of ihc jjipiid as follows 

dry nitric oxidi \va^ slowly i^o-'d lhnami> a tube of the 
hrov.ii <T\^la!s nf i])o rarbonyi wmv rapidly 
-n'-c)lc(l Jiito^a derp ivd li.juid, :ii(‘ \a|)..iir of wbi.'h liatl a deep 
I ho liibr v/as ihni li<-;;t.d at bu . and the li.jUid ilis- 
o in a imrivti! ol nitne oxalc. mio a eoi-h'd ri ot'ivrie Tlie exit 
^■‘■lleet. d. imaisui-rd. and analvsod : li-ido') eram> of 
' ' 'i - w 1 1 _ era n:s of ili.' i -i j !ii pa iil. I )'di'd 3 cram td' residual 

’h;,. and KlTdi e.r, (at X.T.lh). 

^ da- ocani of fod D;, ivsultrd by the moluiion of 

‘ a', el carbon inono.xidic from (l•-}:Sl7 gram (a ( 

' The 3-7113 grams ot the nil li.pdd were obtained l)v 
VOL. CXX^. ■ C ‘ 
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the aoti.m of iiitrio oxide on i-O'JOi gfani^ of ( d(l'Oh, Nviih IW 
ovolutioo of 3.n'2 e.c. of carbon laonoxide.^ or exactly one- onrt , 
„f the carbon monoxide in the carbonyl. Ihe yield of li.|n 1 a .n 
inu-.-, per cent, of the neiyht of the carbonyl reaolino ,vdli lie 
nitric oxide. Obvimr-ly. Iberefore. the reaction be eveen ndre 
nxalc and eot.aU tetracarbonsd is rei,ve..entcd by toe loltoavic: 

t'od.'O), XU UotUOVeXU . UU. 

'I'lio li.|iiid was analysed (l-oinid; to .,.>11. tU 

''nmre:ihuidird'-f<'-eo/./l ado /ronri 

rrop< rtl>^afrohat! 
n'ti, iiitil<iio lifiuitK very vclai 
water, in whieli it i.-< insnhil'lr. it i-s l>ii 


Thissnbsstaiicc i.x a eherr) 
id ivniai'bal-h’ stable' uiidfi 


cU'. 

.ailv 


nti/ ' 


with aU-nbol, bcn/.i'ne. ether. ehii'r>‘i''i'ni. 
i,, aeunvut of inert ixas at bO- 1;^' ^^'tli 
into eol)a]t ti'iearbnnyl anb nitric 'rxitb 
l-bl'jti, ami the nieltiuy jxnnt - i<''» 
Only O-.") e.e, was availal'le ffM' tae 'h- 
point, a?i(l the imiial jaaieebniv eoi.M rtni i 
nsed the inetlKKl ('f O'Dcnvb am! ibrk 
11)08, 4, 9b). This gave excellmn vesait' 
ijoint of the nitroso-carbonyl t<> bf ,,sa 
The moleeiilar weight, as betrrniine'! 
IS 171-7 [Co(CO) 3'N() reduims M - ITt 
The vaj)our pres.-tnv i.s af- ftiiheie>:- 


^'ajDour i.'i'e.'.'urc' 

I'ejnpGi'atnre. in nini, u.nn<'tciiry, leti;|)< 

iv ^ 

0;j I (111 

:>() 171 

Above tfb'. the eoinpnuml bowly bceomptw.- 


in all pi'<'))ni‘t iitii 
It mny be dii'lllli'! 
biebt beetnupo^il ii i 
;• (h-nsitv at l i I 


(i-nuitatu'n <'1 the _ 

( 1 1 till t\\ ft], \\ t‘ t brl’eti 'f 




nnb we lounb the luhTi. 
at 7 ib nun. 

i\- \ ii tuj' bbn> r's nietlu ; 


V,i[ioin' pivs.>u:- 
lit n'.’jt. ol‘ nit'ft i.a; 

:}(il 
•d ; 


AT/eie (Acfb' ot/>l ' I ni'iitbon’il , 

I ii'u jh',mi With eofiah ti'i 


L'p to (itC uitri!' o.Mc'" b;b a'u j'f 
At 7 b— 80 “ there appeared tn i'c w 
araoiml of i.iie 'ja'i'iiuei ne,.- im; .aiiali 


rboiu ' 
bit reaetiini, but (n- 
e.ilhcted. 


A (V/7r‘ (J.i'f 'l: find hnii (. fllhiHPjl 

The reaction df nitric r xitlc tvitl, i tmrai arbt.iy\ I led ii.- t 
examine the different 'iron earijonyl,'. aitb liie lolfoning re.-u!!-. 
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Tluvro is 110 reaetioii betwec'ii nitric oxide and difcrrononacarbonyl 
tcju[H’ralurcs ii[j to bO^. At (>3’, slight reaction occurs and 
‘ads of red Injuid appear. At 100^ tlu' reactioji is complex, 
t lir.st tlu* li<[uid }K*iitaearb(tnyl, e()Utaining sutne t(d racarbonyl, 
:r|)eiU‘s, and after a linu‘ llu' wlieU' ([(‘composes with much violeiua-. 

,t 70 — S.')', the reaetieu is i‘(>^iular ; tlie solid iiMn earhonyl 'iradmdlv 
isappears as llu‘ red litpiid is fm ined. 

Jii our ('urly expcrinu'uls w(‘ obseiwrd lleii onlv a small aimaint 
tl (tirlain nutiHtxide was (‘\(il\'ed, and Iheiehire ilu Ksn-lien taking 
eiudd not, as v.r harl expected, he lepre-entt’d [>v tlie (-(piation 

1-V(r<))yl‘'e(r())j : [NO kV[( 'Ojyh'etNOj, ; l< '0. 

•Mirtlu'r, on repealed disl illalimi of tlie ivd litpod, Ihe eulonr' dis- 
ipp(’;u'('rl and piir(' pentaeai b{aiy I remained, in bulk almost epna! 
:e tliat nf the (.I'iginal lipind. In llie distilling iht.k -as found a 
aaall amount of brown powiua-, whieh app'i-iin d to la- a eoiupouiul 
!)[ iron and nitric oxide. 

Se'.-eral exfieri/nenls eca \ ( the b )ll- e,\ iin^ lesup.-, ; - 
CaiboU !Uiino\i(le cvelved ll'-l ll-S p<.-|- ii in. 

I ^ ield of llie I'ed lipiiid !L’ Kd jk i' f r-nt. M'lint'd : l e do ; 
Vo -/CO: CO . iuriio. t;.t^^,\Fe^ npnires IV ’ dd-oNo 
'tl tV2-t( per ( t-nld.. 

Ihe reaOit'in between intrie oxid(‘ and dif(‘rruiioiiaeai'h(.u)vl iiiiist 
therefore Ix’ re[)resented by the epuatio]! 

3Fej( 0)y - NO IV NO.dFep'O)- . dfO. 

Ihe the(U‘eti(atl yield would be I'd-ii jH-r eent.. wiili the i-\ aiiuTicjn 
)f JI‘d ]}e]' emit, of eu’hoii m.eiKi\id(-. 

The eoniposition dilba- hy d per cent, in iron and in imrhon 
noiui.\id(‘ from tlu' analysis of tiu' red lirpiid. imt ereati r aeeuraey 
liiiiid not lie (‘.xpeeted, ow ing to tile diliieu!' ;e.- id’ manipulation, 
vith the very small amounts of iiipiid a\ailal)I(‘ ba- analysis. The 
)i'opei'ties of this ii'on nit roso-cairlMinyl arx' \eey similar to tJiuse 
)f the eohalt eompound. \\’(‘ lia\c not as ya-t deti'rmim'd its 
)iiili!ig |)(.)int, freezing point. Lde. 

i in; L\ miM.ermna 

Cem,u. H.iMW Ni:\ [:Xn,\K>, Ki.XT. VA- , .,v/. .Vy, [sg,. 


C 2 



36 GODDARD ; ORGATfO-DERIVATIVES OF THALLIUM. PART III. 


0 / Fart HI. Some 
Thalliumdialtyl Sails and the Preparaiion of 
TkaUiumdiaryl Halo i d s. 

By AKOiiliALD J^DWIN (;ui)i)AKI). 


Ix a provious ootiniiiinicalion (Coddanl, T.. 119, C72) it was 

shown that thalliunidiaihyl haloids roaotcd readily with silver 
salts. This has now heen utilised in tlie |):'ei)aration of Ihalliiim- 
diethyl nitrite and lactate, the fontior showing a similar stability 
to the correspond in" nil rate. Since the author was unable to 
obtain thalliumdi/.yepi'opvl iodide, it was thought possible that 
the larger the alipiuitie group attached to the thallium the less 
stable the compound luigdit become. To test this the thallium- 
diethyl .salts were prepared fi'oin the hu’mate U]) to the veoctoat('. 
ami the series show.s a fall of nielliti'.: itidnt with ri.se of molecular 
weiglit and an iiierea.se of .soinhilitv. The formate, Iuovioit, was 
not ohlaiiH'd pure for aiudy.si.s ])nt the speeimen gone a melting 
point 240—2-11 a The .salts were ni’enared hy (In' ai'tinii of thalliuni- 


(lialkyl hydroxides on the I'e.spective acids (sex- (.'ahours and Dcmar- 
yav, Coixpt. yc'iid., 1S70, 88, 1112). llu' thalliunulielhvl acetate, 
m. p. 2;i2— 2M;b‘, apjiear.s to be ])urer than llial nlilained by llartuig 
(/ier., 1874, 7, 298), which m^dted at 212 . 

Three salts in the aronud ie series, nauieiv. thahiunidielhyl p-niiro- 
benzoate, p-iodo benzoate, and w-bromoheir/oam have also br<‘ii 
obtained. i\lagiie.smni rsoPntyl and /v-amyl indides react with 
thallic chloride in a similar mannei' to itme'ne.dum /.so[!nip\d iodide, 
causing quantitative reduction to t.iudhws itnlide. 

Conccidrated hydrochloric acid, thimivl eliloride, ammonia "as, 
and n.creuric eliloride do not reeet «ith thalliiinidiotlivl elil.dde,’ 
but iodine trichloride even in flie eold r iolentlv r.ttaeks the eonv- 
.spoiiding broinkle, iviiit the iiioduetioe nl' ihidlous iodide. This 
appears to he due to tlie uetion of eldori io in the Drooniee of iodine 
since solid iodine added to a Ijoiliiiu aoiieoii. solntion of thuilinm. 
diethyl hroniide lias pra dieaiK no actiri;. 


Meyer and Biathein, lOl;!. 37, :>(l.h!,. l,v rlie aetion of nuu;. 
nesiuii, phenyl bron.ide on thailie ehinrirle., ol'daineil a eoniponnd 
statoc to be Ihallmmdinhenyl Imanid.;. aldeh eould no! be preiiared 
pure for analv.ai,. [t also stated that on heatiiio with ftiiiiiiir 
nitric acid tor several liniie, a sealed tiii.e a( :ii)l|-, the sub.dawf 
was not eompleteiv decomposed. The mil I, or lias noM oblained 
thalliiiindiphciiyl chloride, ivlne], doe,- not melt at dNSp in a pure 
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state, and finds that it is decomposed by fuming nitric acid even in 
the cold, and claims therefore that this is the first organo-derivative 
of thallium in the aromatic series to be produced, d'ho product 
was obtained by the interaction of triphcnylbisinuthine and thallic 
chloride in cold aiiliydrons ether. Considerable difficulty was 
experienced in purifying the compound, this proba]>ly being due 
to a. secondary reaction which produced small quantities of thalliuin- 
])l\onyl diciiloride and inorganic derivatives of thallium, the reaction 
heinu rejiresented as taking place in two stages ; 

-\ Tici, - 2(C,H5hl^iCl ! '1. 

2, (CJ4,);rif1-2TI('L3..2(',,Hyr)('!,,. 

The reaction repi'csmted hy the second cfptalion is at prc-sent 
uiidcr investigation. 

The compound thus fonned is identical in properties uitli that 
jiroduood from mercury diplienyl and tliallie chloride in etliereal 
sfjiution. Triphen vl.stihine and tljallie cJiloride, hnwcAcr, react 
(juantitalively and iinjnediatdy in the cold in accordance with the 
(‘((nation : 

d' T!(\ (C'J]-).;S!;(T -j- TKT 

III the ease of t riphenvlarsine, a pn'cipitate of yellow .scales will lie 
obtained after .-^omi' time; tlie reaction is .still under investigation 


Is \ 1 ’ F. li I M F T A F. 

Xilitfi . Two grams of tha!!iiiriidiethyl iodide 
iind Od) gram of silver nitriti' v. <■)■(> .sliakcn in 70 c.e. of acetone, 
and tlic mixture uas kciov ovti'-nin'-ht. The precipitated silver 
iofiidc' was filtered off and ('Xtjactfd uith acetone, tlic.^e washings 
licine added to tln' main iillratc; Uii-. mi evaporation, yielded 
]'0 gram of large, tnumparsnl p lairs. hirh did not melt at ^fitT 
(imiiml; X-lTj; 'I'l . CO-ll. ( V 1 n/ kXTl requires XX-:~ 4-fi4 : 
Tl--- i){i-l7 per ( 1 ‘iit.). The iiitiite i- ( < lU-plrtely sulnbie in InU 
pyridine and insriuble in other oiganic sfi-'.cnts. 

Tlialliin/ittlflh/l Liidah:. This was ptvpaivd in i1k way dcH-ribed 
above, l-o grain.s of .sjKi-r lactalt' being employed, 'the ju'oduct 
[ha grains), after four crystallisatidiis from ak-oliob gavi' .small 
plates which .suddeniy (h'coui posed without melting at 2()7'o'' 
tl'ound; Tl .TS'lo. t.'dijdV.Ti reipiinss T1 oS'l)4 per cent.), 
riic lactate is soluble in cold water, andoue. or alcohol, and easily 
soltible in lioiling chloroform, tohimi'. or ethyl acetate. 

'I'halhnmilinulhtjl Jcr/uA ,- l»y acidifying the hydroxide derived 
h'oin 2‘U grams of thalijumdiniethyl iodide witli acetic acid and 
(‘uncentrafjng tiic', solution, I'd grams of long, elongated ])lafe.s were 
>lei>osi(ed, m, p. I'Oil' (Fi> i;ui: Tl - 7017 QUA'C, requires 
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T1 = 69‘5G per cen!,). The salt is very soluble in water, alcohol, 
or acetone, less soli.'ble in ether or petroleum . 

ThalliitmdMyl Aceiak,—By tlie interaction of the hydroxide 
from 3*42 grams of thalliunidiethyl bromide and 0*/0 gram of acetic 
acid, 0*8 gram of short, white needles was obtained. After two 
crystal lisations from water, these melted at 232 — 233'^ (Found; 
Tl = 03*25. re<iuires T1 -= 03*47 per cent.). The 

solubility of this salt is the same as the above. 

Tkallhondif'-thyl Proinoimic -. — Using in this case 0*5 gram of pro- 
]>ionic acid, 0*9 gram of line, short needles was obtained on concen- 
tration, m. p. 22S - 220' (Found: C — 24*7U: 11 — 4*65: T1 -- 
60*09, (I0*54. CVHi-O^TI requires 0 = 25*14; 14 = 4*51 ; T1 = 
(I0*G() })cr cent.). The salt is einnpletely soluble in hot alcohol, 
e-thyl acetate, toluene, or ae^done, in cold pyridine or chloroform, 
moderately soluble in hot ether or carbon tetrachloride, and slightly 
soluble in light petroleum. 

ThaUiuinflirfliifl l alerafe . — llv tin* interaction of the hydroxide 
from 3*42 grains of thalliumdicthyl bromide and 1*07 grams of 
valeric acid, 1*9 grams of small needies were obtained, m. p. 215^ 
(Found: 0 = 29*20; 11 = 5*21 ; T1 = 5()*00, 56*04. U,Hjp(.yrj 
reqiiire.s 0 -- 29*85; H - 5*27; T1 = 50*11 per cent.). Tlie salt 
i.s eomjilelely soluble in (*oUl alcohol, ether, jiyridine, chloroform 
or hot earhoii tetrachloride, moderately soluble in cold toluene, 
acetone, or ethyl acetate, and insoluble in light petroleum. 

ThaJUumditlhyl Hexoaic. — Prepared, in llu* \vay described above, 
from 2 gram.s of the bromide and 0*73 gram of the acid, 1*2 grams 
of product were ohtaiued, which on crystallisation from acetom* 
and light petroieuni gaxe trans|)ai’ent needles half an inch in length, 
softening at 182’ and melting at 190' (Found: T1 = 54*04. 

requires T1 = 54*92 ])er cent .). With tlie exception of its 
.solubility in liglit petroleum, it agrees in all respects with the valerate. 

ThaJhurndidJud u-Ocioafe—^y means of 0*89 gram of n-hexoic 
acid, a hard solid mass (1*3 grams) insoluble in water was obtained. 
Ibis was cry.stallisc<l twice from light petroleum, when long, trans- 
]iareiit needles, m. p, 159'. were deposited (Found : T1 =- 50*23, 
50*03. UjoHorjOol 1 rcajuii’t's 41 = ,;0’27 ]ier cent,). The sail 
rc.sembles tiie hexoate in its solubility. 

PhaUi'umdicthyl p-i\ ‘ifroh. nzoati . -To tlie hydroxide from 2 grams 
of thalliumdiethyl bromiih,* \\as added 0*9<S gram of ji-nitrobenzoic 
acid, and the mixture w'a*^ lioiled and concentrated. Tlie resulting 
solid, 1*2 grams, was oryst dlisc d twice from chloroform, when micro- 
scopic jieedle.s were obtained, ra. p. 213’ (Found: X = 3*59: 
T1 47*19. requires X — 3*27 ; • T1 = 47*59 per 

cent.). The salt is conipletely soluble m cold pyridine, moderately 
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soluble in ‘alcohol or chloroform, slightly soluble in carbon tetra- 
cljloridc, toluene, ethyl acetate, or acetone, and insoluble in ether 
or Jisht petroleum. 

ThalJiumdiethyl ])-Iodobenzoate.—i‘ir) Gram.s of 7 >iodobenzoic 
acid being employed, 2-0 grams of small, white needles containing 
iodine were deposited. Those decomposed ^vith slight exp]o.sion 
at 220^ (Found : T1 — 39-70. Cj^Hj^OJTl requires Ti ^ 40-03 
por cent.). The solubility is similar to tliat of the above nitro- 
compound. 

TfudUumdiefhj/l m-Ih-omobenzoaff^.—Thk was prepared in the 
usual manner, from 1-18 gram.s c)f m-hromobcnzoic acid. The 
small, white needles (]■() grams) obtained after two crystallisations 
I'rmn water melted with coTisiderable gas evolution at 220" (Found ; 

43-49. l^’iilIuO^BrTl requires Tl — 44-10 per cent.). The 
ubove compound is insol ul)le in m-ctoiie, but otherwise resemhles 
tlu- nitrobenzoate. 

Acthu of hdlfic Trlddorido on TkdUumduihjl Bromide. 

To a suspension of 1-4,7 grams oi the bromide in 40 c.c. of light 
jxdroleiim 1-7 grams of iodine tricliloi-ide were .slowly added, and 
an immediate lilieration of iodine was noticed. ,\fter remaining 
over-night, the whole was lioiled and tiitered. All free iodine 
having been washed from the n-sidne, the latter was found to be 
tlialloii.s iodide (Found: I -- (11*91. Calc,. I - 01 -(14 per cent.). 
The same result was obtaiiical wlien the rc'aetion was carried out 
in the cold. 


Acfion of .l/o'g/e.soo;^ iso.in^g/ Iodide itnd of Mtojui-iinnt 
AoBiilfil Iodide on Thallic Cldoridf . 

A solution prepaivd from 2S-(l grams of /.voaniyl iodide and ,3-2 
of magnesium in dry ellu-r was slowly luldtal to a solution 
''17- 1 3 grams of tliallie chloride in the sann,' solvent. After standing: 
I'jlf an hour, the solution w as deeonquisc-d, but no trace (.4 tn-ganii' 
iiialter was found in tlu^ residue and ()-9r> urams of tballoiis iodid(‘ 
v-eiv isolated. As the original lliallie chloride shoukl have yielded 
biJl grams, quantilative reduet ionjliadhu-eurred. 

lh<‘ satiH' result was oluained wlum magnesium /.N-obutvl iodide 
was used. 


Aitioii oj I n jdif nylbi.^'fiinlhifir on ThtilUr Chlnridi . 

^ullicienl dry ether was added to .Vi) grams of triplieiivlbis- 
|niith,neto elh-et solution, followed by 3-, "4 grams ,4 thallic chioride 
u ^unie solvpiit, y whil*- preeijiitate was immediatidv thrown 
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down, and after remaining for a short time the whole became solid. 
The precipitate was filtt'recl oH’ r/poatedly shaken with acetone 
until the extract gave no solid on ro a|)oration. The residue thus 
obtained (3'7o grams) was organic and contained thallium, but was 
not pure for analysis. Pnnlicati^a) was carnVrl out by crystallising 
from pyridine, then boiling witli glacial acciie aeul, and further 
crystallising from pyridine, the product being thorougisly washed 
with boiling acetoiu' (Found : T1 -- dl-dd, -al-oi, ol-71 ; (.’1 — 0-2C, 
9-01. rerjuires T! = 7)1 '84: Cl - 9'01 per cent.). 

Thalliimdiphenyl chloride erystalli.-es fi'on^ jjyi’idine in eolourlcsK, 
microscopic needles which do nol inell at 288" and are sliglitly 
soluble in boiling acetic acid, aleoiioj, ctiiyl a.ectate, or ehlorofonu, 
and insoluble in ether, aet'tonc, or light iprtrolenni. 

The above acetone extracts on cvapiiiation gave 4'0 g^rnnts nf 
diphenylehloj’obisniuthine (m. ]). ISo - lS(i ), but no umbangesi 
bismuthiiie, and traces of inoiganie tlialiiiiiii products. 

Vtrpnrafion of ThalJiuhnli jdj nyl Chloride hu rnenns of ^ferainj 
DIjdicnyi. 

To a solution of 2-8 grams of mcrourv di])hen} l in ot) c.c. of drv 
ether, 2-7 grams of thallic chloride in tlie same .'^olvcnt were added, 
when a precipitate was inimcdiiately thrown down. After 

remaiiiiug for .several hours, this was iiltered olf and extraeded 
with benzene in a Soxblct -apigaralu.-^. The hriv/.ciie removed sonic 
mercury phenyl Cim' il . m. ]>. 270-, and l!w [(cdd.ue. after purilica- 
tion, was a!' ',- . 'ri -::71'.M; (1 11-09. Cali-., 

Tl = 71-84; 1 .cut,), 

Arlioi} rf TripJifOiid.dihiiK u,f TholCr Chhuddr. 

To a -sohdion of 7-27 grain.-^ of the slibiuc in 70 e.c. dI tnhiciic. 
3-i grams of tballie chiui'idc in 4-S r.c. of other ^\orc added. An 
almost wliite pivcipritatc was i!n;iieiii;itc]v thrown down, wliic!! 
was filtered off attor twenty-iour hi)ur>. ’! !;o residue (3-2 grams) 
was found to Ik* t'ndlous chlorid'-, 1 he filtrate, on evajioratjei!. 
yielded 3-0 grams of triphejiyhtihine ilM-hlorich- (m. p. IdlC), no 
unchanged siibiue benig obtained, lie p'oe-j-ss is tlu'refore luereb' 
one of eliiorination liy ti' illio ehloi iib*. 

^ The author is indcbied ro th^.‘ Fe^oarcli Fund of tin- (’In'mica! 
Society for a grant which liu.s partly dofraved tlu- expienses of this 
investigation. 

The Univer iTx, 

Ebcr^stox, IJTcmxm, ^lO-ravnl. .\C.>nd,.r r^ih, ia2L.l 
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MIL — The Rate of Solidion of Iron in Dilute Sulphuric 
Acid both ulien Stationary and under Rotation, 

By John Albert Xenn ton Friend anrl John Horace Dennett. 

It Jiaving recently been observed that iron does not rust when 
r.\');t!sed to the action of water and air in rapid motion (Friend, 
T.. 119, it aijpeared of interest to determine whether 

01’ not tlio. rate of sc^lution of iron in acids is likewise retarded by 
inovcinent. A study has therefore becJi made of the action of 
(liliile sulphuric acid on Kahlbaum's pure electrolytic iron foil 
under \'arying conditions. The ^\ork is not yet completed, having 
been temporarily sus])erided in consequence of the departure of 
(liie of the authors ; but it was thought (iesira]>le to place on record 
I ho re.sults so far obtained, in view of their important bearing 
all recent researclie.s on corrosion. 

I )ijl nance uf Te mperu > - / . 

Almost nothing is known as to the quantitative effect of rise of 
temperature on tin? I’ate of solution of iron in acid. Small pieces 
iif fuil, o >; ’ 2 -(i sq. (mi. in area, were suspended from glass hooks 
in large jars containing OUO c.c. of .V-.-n![>hiiric acid and kept at 
various temperatures for seventy-live minutes. The plates were 
dicii removed, washed, dried, and -weifilied. The results were as 
follows : 



Los.s in 
wcigln. 


RoJative 
rate of 

Tciu]'. 

<!ra;n. 

Moan loss. 

solatiou. 

(U 

ii’ito;! (calc). 


1-00 

2-3 

Duio:,!) 

O' 01 lOu 

O-OOoo 

1-83 

i;5-o 

o n -no. 

o-om7 

Li-, a 7 

-87 

ii-e;;;; ; 

o-otMt; 

11-3 

4,j-0 

11 ii^;;o 

0-117-} 2 

o-o:8() 

2G-2 

.'>8-0 

n22iH; 

o-l4!in 

0‘h>U3 

u:m 


! iu’ rate of saluti<in is ta)v<>n as unity at Uh the valni' bi’ing ealciilated 
i’.v cxtr;i])ol;.'iion fi’oin tin' curve. The values of tlie relative rates 
‘f soluii(jn, when ])!oitcil against the tem]n’rature, are seen to lie 
oil a hyiH'rhoiie euj've analogous to that recently found by .Seliginan 
JUid Wiilianis (J. N'oe. ('In in. Jnd. llUb, 35, tibo} re])ivsenting the 
rate of solution of aliinnniinn in nitric acid With rise of temperature. 
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lujlumce of Acid ConccntraUon. 

This ^vas detorniiiiwl at about lo° by alloiving siiuilarly sized 
plates of foil to the preceding* to hang from glass hooks, each in 
four litres of sulphiii'ic acid. The losses in ^veight after thirtyTour 
hours were regarded as a measure of tlie rate of solution. The 
results were as follows : 


4 

O' 1380 


o-ioin 


Nonnalitv ot Mcid O e 1 - ■* 

Loss in weight of iron... 0'0338 0 0o47 O'OOGl O'OSll 

Idle results arc shown in Tig. 1. A rcniarkalde feature is thi; 
breaks in the curve with ihV- and IlA-aeid. The experiment.^ ha.ve 
l)eeii repeated se\ei'al times, hut always with the same result. In 


Fm. 1. 



SormrilUn of finl phurlc woil. 

th(' ease of ('ast irnti, a imixiiniim ranc of sohil ion ]ia>. been found m-ar 
this eoneentration, tlie (‘xact [xiiiit varvir,!:' a little with tlm eoin- 
jiosition of the JiK'hd. Some results olitained hv Messrs, Catrh and 
Hargest, working in tlie authors' lal‘iii';Uorv. are indicated hy th'’ 
broken line in the ligiire. 'I'he (aist iron eoiuained grajiliite, 2*7d; 
combined r, 0 do ; Si, 2'JS: MiuO'h'.l. S, (!■(I7(); P, 1 '04 per ecnl.. 
The coiiieidence betv.a'cn these iiiaxiina is intm’esting, and no sati:-* 
faetory explanation frr’ • itln;’!' is stpan m, 


l/tjliujifo of M of ion. 

Die apjiaratus Imaliy adopted is shown in t ig. 2, and consisted 
of a 1-4 [f.P. eiia-trio motor eapahlo of giving 170(1 revs. jM*)* mim 
Its ])ulley was coniieered liy a small leatlaT dri viiig-helt with one 
screwed on to a gun-metal axlt, the Iowct end of which curried the 
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iron foil in the form of a disk 7-5 cm. in diameter. This disk was 
fixed with a nut on to the axle, contact with both nut and axle 
being prcvoTited by the use of ruljbi'i' 
washers. The axle was support<Kl verti- 
cally by a rigid clamp, free rotary motioji 
being obtained witli ball bearing.s as in a 
cvclc hub. By lusing ^■arious sizes (jf 
pulleys, .‘jpeeds ranging from Mo to 4000 
revs, per minute were obtainablcL 4'liese 
were read of! at intervals during th{‘ 
experiments from a speedometer. 

The lower end of tin; axle carrying the 
iron disk was lowered into a glass tank, 
the internal vails of wliieh po.ssessed 
raised vertical rib.s — a device that greatly 
reduced the tendency of the liquid to 
swirl round Avith the rotating disk. Tlu' experiments lasted for 
thirty minute.s each, and the volinne of liquid was the same in every 


Ui-O 




i luu 
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namely, 1 litre, d’ln' anmuiit nf iron di's.solved wa.s estitnatoil 
b.v tit nit ion with pennanganate. Ik'foix' each experiment the inm 
AAa.> carefully |)()li.sh('d eiiieiy, the same disk lu'iiiii usetl 


Pig. 3. 
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0 luiin jouO toLtu 
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DURRANS : THE ACTION OF SHLPHXIRYL CHLORIDE! 


throughout in order to avoid (iuetiiations due to chemical and 
physical differences in the metal, so charactenstic of different 
specimens of even the purest forms of iron. Tire results are shown 
graphically in Fig, 3. 

Tt will be obser\ ed that : 

1, The different concentrations of acid yield almost identical 
results at the same velocities. 

2. The rate of solution is directly -iwoportioiiah -within the error 
of experiment — to the velocity of rotation. Even at 4000 revolu- 
tions, corresponding witli a vim velocity of 35 miles per hour, 
there is no .sign of falling riff in tlio rate of solution. Evidently, 
therefore, solution of ii’on in acid is a different process from the 
corrosion of iron in acniti'd water. In the latter case, corrosion 
ceases at a velocity of 3 to 5 inilcs per hour. 


injluNm oj Colloid'^. 

A few experiments have been carried out on the rate of solution 
of stationary iron in sulphuric acid in the ]')rescnec of protective 
colloids such as gum acacia, It is found that dilute solutions of 
this gum greatly retard the solution of the metal, just as they have 
been shown (Friend, Joe. cit.) to retard the corrosion of iron in neutral 
solution. Ti'obridge. working in the autliors' laboratory, 
has shown that a similar retardation occurs Avith hydrochloric 
acid, so that this action of the colloids apjxmrs to be general. 

One visTR Y Be PA a t h k xt , 

Bihmixgham Municipal Tip umi ae >>ciiuol. 

Xovonher I2lh, 1921. j 


TX. i he Action of SiilpJiurijl (Ithride on Organic 
Substances. Part I, Slinjilo Monosuhstituted 
Benzenes. 

I>y TicoiA- II in 

SiLriRRAL cliluridc iamcB readily witli .i larm; niirnix'r of organic 
substance, s .■(■ncTally f meilciiiny a' cl,l„niiiitiny or’as a 

y lyclratnig sL'ciit, If. .u:lio ■ as a ay.nt is fr«,U(>utly, 

u not a!\\c^^, .vnnih;.' td tl,;u of (Idfii'iiK', aii<l sometimes to that 
0 plosploru^ pcntaciilo'iidv , v, Idht in its dehydrating action it 
resemaes sulphur triuxitlc. liiii-;, in the ab.senee of a catalyst, it 
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elilorina^tcs benzene, toluene, phenol, anisole, phenetole, or aniline, 
iiiul with salts of acids, such as sodium benzoate or acetate, it yields 
{jio corresponding acid anliydr'lde and acid chloride (cornpan^ 
jlubois, Btill. Acad. roi/. Bfdr/., 1876, 42, 120; Wohl, D.R.-P. 139552; 
Weneholl'er, Bor., 1S77, 10, 441; Pcratoin'r, Gazzetta^ 1804, 24, i, 
236).'^ 

Altliougfi a large amount of work lias already been done in this 
connexion, there is a lamenta })!(,' lack of information regarding the 
action of snlphiiryl chloride (Jii the organic substances in common 
use. This investigation is designed to eoutiibule a small addition 
to our existing knowledge in this dircclion. 

The conditio;is of cxpcM’iincnt }iav(^ been those obtaining when the 
organic substance is (joiled under atmospheric pressure for several 
hours witli a large e.Ncess nl sulphury] ehloride; eonscajueiitly the 
products isolated re])?'cscnt tin* linal jjiciducts to be obtained in sucli 
eircuinslaiiccs. tli(' isolation of any internu'diate product not having 
been aimed at. The tabh' slunvs briefly the results ol)tained : 


Organic Sub.'^tancL'. 

BenzalUcliyde 

Pheaylacctunitrilo 

Aoetojdienonc 

Itcnzoptienoiio 

Xitrob(!nzcne 

Sodium bcnzenc.suljjljonato 
Sodium phenoxido (af-iiieoiis} 

„ ,, (anhydrou.s) 

Triplienyl p]iosi>hate 

,, ,, in prc.^cnce of iron 

Sodium phcnylacctatf' 

iienzamido 


ProdvK'f . 
H('nzoyl (.liloride. 
t''}ieiiyMi<']iloroaL‘clonitri]f‘. 

at.'tlon. 


p-CIilorophcnoI. 

2:3:4: <i-Tetra(4doro])bcnol. 

Xo acfioi}. 

3bi-p-chlorophcnyl pliosphate. 
Idicnylacctic anliydride and phenyl- 
acrtyl chloride. 

Traoc.s of benzonitrile only. 


Phenylethyl alcohol yields an unstable ]u‘oduct, probably a 
mixture of plienvietliyl sul{)hatc and ])h('nvlcthyl chloride, the 
reaction being siinilar to that with I'KOizyl alcohol (Bchreiul, J. pr. 
C7/CW., 1877, [ii]. 15, 23). 


K X r E R I -'\I E X T A L. 

Benzalchhf/di’. — SuIjTuryl clileridc (5 mols.) was distilled on to 
benzaldehyde (I im>l.): no sensible reaction took place. The 
mixture was slowly distilled until the exec'ss of sulphuryl ehloride 
was removed, the I'csidue Ixu'iig distilled under reduced prcs.sure. 
After repeated disttllatimu a fraction, h. ]>. 19.“) — 2U0' 7(,)U niin., 
wa.s obtained (benzoyl eldoimh' Ijoils at 1 98’ ). th(‘ only oilier siibstanee 
present in any appi'ceiable puantity being benznldeliyde ; a small 
amount of tarry matter was formed (Found : Cl -- 24-(i9. Calc., 
Cl ^ 25-27 per cent.). 



46 DURRANS : THE ACTION OR SCLPHURYI. CHLORIDE 

The substance was identified with ben/.oyl chloride by conversion 
into benzoic acid and olliyl benzoate. Tlic action of sulphury] 
chloride on lienzaldohyde is therefore similar to t lat o oi oriiK 
fmt differs in that the simultaneous formation of traces of licnzyl 

chloride doe.s not ai}])ear to tahe place. 

This substance (1 mol.) was treated with 

sulphury) ciiloridc nwlsd as in the forcyoing expcnmeiit ; tlic 

residual liquid distilled at ll->' _() mm. 

The fraction was liipdily luehrymatory, but otherwise almo.st 
devoid of odour. It would not solidify uhen cooled to 1.) 
(Fourul : Cl - ;i8'5l C^HyCClyCM requires Cl -- 3tS-18 per cent). 

The substance, when boiled with alcoholic sodium hydroxide 
.solution, immediately deposited .sodium chloride and e\ol\ed fii.st 
a sliglit odour of hydrocyanic acid and then one of ammonia. 
On pourina the ini.xture into water and aeidifyiiig, benzoic acid was 
deposited r this, twice ciTstallisod from water, melted at 120-“)'. 
The acid was further identitied by means of a mixed-mciting point 
determination and of its etlivl o.'^ter, h. p, 213 . 

Tlio sulistauee, beatcfl on a steam-hath with an equal weight of 
75 per cent. sulphuri(‘ acid for three hours, yielded, on cooling, a 
precipitate of benzoic acid. It is clearly phenvldichloroacetonitrile 
and is idenlienl with the siih.^tanee obtained by (daisen {Bn., bSTlt. 
12 , (; 2 ()). 

dec/oyj/u'iioac,- -Sul})hu!'yl chloride (3 iiKils.) was slowly distilled 
on to ae('top]ienone (1 mol,), and a vigorous react ioti ensued. 
When this liad subsided, the excess of sul[)huryl cliloride was slowly 
distilled off; tin- residual liquid distilled at 124— 14tiyl2 mm. 
By repeated fractional distillation a fraction boiling at 121 — ]22‘ 
]() mm. and at 21.r,7C0 mm. was obtained, which could not h(' 
made to solidify even at Kb (Found: Ci-5(el2: 

Cl = 3845. CsHfiOC'l.;, I'eqiiires C riddh: H - :417 : ('1 - 37-5S 
per cent.). 

Wlien tlie substance was boiled for siwau’al hours with W/IO- 
aquoous-alcnhohe silver ]iitrate, only a tract' of silver chloride was 
formed, this profiably aii^^ing from an im|Hii'ity in the substance. 
The substance was not oxidisra.l liy eliromie acid mixture, but yielded 
readily to alkaline ])ermai]eanat<' solution, a faint odour of chloro- 
form being evolved. Tliis cldoroform probably arose from a trace 
of the trichloride.' C,.HyC(nCCU the presem-e of which would 
account for the slightly high eliloiine content. From tlm mixture 
obtained by the alkaline pt'rmanganatc oxidation, benzoic acid was 
isolated in good yield. 

The chief substance resulting from the reaction between aceto- 
phenone and sulphuryl ' dilorid: is tlierefore cuw-dichloroaccto- 
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nheiione ‘and is identical with the ketone o])tained by Gautier {An'n. 
1888,[vi],14,348). 

Sodiinn Phcnoxldc.—T\i^ action, of sulpliuryl cliloride on the 
sodium salts of certain acids is to produce the acid anhydride and 
I ho acid chloride. It was thought possible that wdth sodium 
])henoxide diphenyl ether or jdienyl sulphate might result. There 
was also the possibility that in aqueous solution a reaction similar 
to the Schotten- Baumann reaction ?night take place, whilst a fourth 
possibility was that its action would lx- similar to that with phenol, 
where p-chlorophcnol is obtained. Two exjjerinients were therefore 
eondueterl. 

A large excess of sulphuryl cliloride was slowly distilled on to 
rarefuih' dried sodium phenoxide, a very vigorou.s reaction taking 
])}ace. The exce.ss of .sulphurvl chloride was distilled off and the 
solid remaining extracted with benzene. After the removal of 
the benzene from the ('xtraot, a liquid remained ^vhieh had an initial 
boiling ])oiMt of about I50";'17 mm. A fraction, b. p. 100 -210^'' 
17 mm., wa.s collected, and this solidified on cooling. The residue 
was black and evolved hyrirogeii chloride. 

The solid was insoluble in .sodium carbonate solution but readily 
.soluble in sodium liyrlroxiih* .solution, from which it was })reei])i- 
(ated on acidifying. It did not contain siiljilnir and was therefore 
7iot phenyl sulphate. ('Vvstallised three time.s from ether, it 
melted at fib— (ifib Its benzoyl derivative had m. p. IIG" (compare 
Zitieke and Wallbaum, AnnuJ^n, 1 SOI, 261, 24fi) (bound : C = 31*2 : 
H -- 1-22: Cl - fil’d. CVH0OCI4 ixajuire.s C ^ 31-0: H -- 0-8fi: 
Cl (‘d -2 per cent.). 

Th(’ fractions of lower ladling point ol)taine(( in small yield were 
n^listilled and a sjnafi fraction, b. p. about 217' 7fi0 mm., wa.s 
<ib(aiiied (p-cliloroplienol boils at 2I7‘). This, on cooling and 
.seeding with a crystal of p-chlorophcnol, solidified immediately, and 
after drying on a porous tile had m. ]). 4(C. The sul)stanee wa.s 
identified with p-ehlorophenol. 

The suhstance.s produced by tiie action of sulpliurvl chloride on 
anhydrous sodiuju ])heiioxide art' therefoix' j/-elilorophenol and a 
tetraehlorophenol, probably the 2:3:4: (i-isomeride obtained by 
Zineke and Sehaum (BVr., 1S94. 27. b49). 

The nmetion in aqiicou.s solution was coiKhicted as follows : 
ninety-four grams of phenol were dissolved in a solution of 40 
grain.s of sodium liydro.xide in 200 grams of water, and the excess 
ei phenol was removed by boiling under diminished pres.sure. 
Seventy gram.s of fi'c.shly-( list i lied sulpliurvl ehloride were then 
iiddcd to the ct)ld solutimi. with shaking and (‘ooliiig in iced water. 
An oil formed and was .senarated, dried, 'and distilled, the b. p. 
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86722 mm. rising to Uo"/16 mm. The distillate, wliich solidified 
on cooling, was dissoK'ed iii sodium onrhouato solution and a small 
portion of insoluble oil (plienol,) removed by extraction with ether; 
on acidifying, an oil was obtained wliieli had b. p. 215 --21/ " 
(/)-chlorophenol boils at 217“} and tn. p. 42 , I lie substance was 
identified with p-chloi'o[)lienol. 

Triphemjl Sul])huryl chloride is almost entirely 

without action on tri])henyl pho.'^phate whem boil(Ml ^\ith it under 
atmosj)heric jU'cssiire (eoniparo P(’raton('r, 1898, 28 , i, 

197), but in the presence of (piite sniall iiuantities of iron tri-p- 
chlorophcnvl pliosphale is readily formed. 

No reaction Imvinii heeu fouml to take place hetween tri])hcnyi 
phos()hale and sulphuryl oliloride iimher the usual conditions, an 
addition of 1 per ceiit. of bO-tnesh iron liling.s was made and tlu- 
mixtiire heated under rellux fnr ton lunirs. After the exee.s.s (4 
sulphur3d chloride had btam distilled oil. the residue was poured 
into water, well washed, and neutralised. 1 lie solid, after crvstallis- 
ing three times from alcohol, melted at 112 (1‘ound : C — 40-9,ii; 
H'^3-00; Cl - 244(i. Cb,Hjd).(oP requires C 50-29 ; id - 
2-79; Cl = 25d\S per cent ). 

The substance was hydrolysed witii 2.V-aleolio]ie sodium 
hydroxide, the ]iroduct poured into water, aeidiiied, extracted with 
benzene, and the extract distilled. The main fraction, after removal 
of the benzene, boiled at 210 — 220 ' and u hen siaaled with ji-ehloro- 
phcnol sohdified (m. p. 40'). I)ri('d on ])nroiis tile and reprecipitated 
from sodium carbonate solution, the sub.4anee melted at 4T 
(Found ; Cl — 27-22. Caie., Ci — 27-(i2 jKn’ cent.). 

it follows, therefore, that the substance oldained by the action 
of sulphuryl chloride on ti’ij)hen\d phosphate' in the pre-sence of 
iron is tri-p-ebloiopheiyvl pliosphate'. 

Benzamirh . — Siilpliuryi eiiloride (li mols.) was distilled on to 
benzamide (1 mol,}, no a]iparent reaction ensuing, Tlie sul- 
phuryl chloride wa.s very slowly distilled 0)1 and tin.- n-sidue distilled 
under reduced pressure. A small early fraction was obtained 
and the contents of the disi illation tia^k tlum soliditied. Tlie solid. 
cry.stalliscd twice from lumzene. had m, p. 124 125" and b, p, 29(.V 

and was therefore imi-haiiut-d le.-nzamidi- (Found : (.' - 09-01 : 
H — 0*07. (Jale., C - ; K - - .VTP ])ei’ r'cnt.). 

The early fraction Irnm the diu illation hud h. p.SfC To mm. and 
an odour .similar to that oi' lienzaldehyd.-, it dissolved in hot water 
and was rcdepo'ited on coolini^, 'Wdu-ii ii was boiled with sodium 
hydroxide .solution, atmuonia was slowly evolved and, on acidifying, 
benzoic acid x\as deposited (m. p. 12<.f ). 4’ho substance is evidently 
benzoniirile (Found : ‘ \:=1;>.37, Calc,, N 13*59 per cent.) 
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foniiod by 1lie dehydration of the benzamidc. Sidphuryl chloride 
fbercfore docs not attack l.»cnzanudc except to a small extent to 
form bcnzonitril(\ 

Sodium Frcshly-dikillcd siilplmryl chloride { 1-5 

j-ols.) uas slowly rnii (jji to anhyilrous scM'liiim phenylacctate 
in', p. about IbO ). .the excess of sulpliuryl chloride was removed 
ill the cold under diniinislied pres.sure and the residue distilled as 
[nr as possiolc, a fi'a.ction boiling up to lOO' 12 mm. being o])tainod- 
The solid remaiiiinu in tlie f!a.<k was extracted with benzene, and 
{he extract {iistilkai. .After the reniox'al of tlic; ])enzeiie, a fraction, 
h. p, J30— IbSy 12 mim, was obtained wlsieh solidified. The solid[ 

I wire erystallbt'd from benzene, had m. ]). v-VA l-23.> Grams, 
hni'rd wstii A -a<|'(e(MH-a icolujllc .‘^odnuin hydroxide, consumed 
U-s ('(jiii\ aient (o 1-21.) grams of ])lienylaeetie anhydride. On 
.icioifviiig a nu!re eoneeiitiated siinilar solution, plicnylacctic acid 

as cn’pi.)?it (.'d wn.'en, twice crystaliisc’d innn water, had m. p. 70"^. 

Tile early fraction lioiiing up to 12 mm. was redistilled, and 
a .-giUilI fraction, h. [i. l).l t)(i ,12 mm., ootained. which fumed 
.'liglrdy in tl;(‘ mr. Uiis substancig on hydrolysis, yielded phenyl- 
acetic acid, m. p. Ttb, and was cvid.ently phenylacctyl cbloridc 
(I'ouikI : (1 . 2:Mk;. Calc., Cl 22-lSS per rcmt.b 

'Hie products of the reaction bctwcmi sulphuryl chloride and 
anhydrous sodium phenylacctate are ])lieny!acetic^ anhydride and 
jihenvlacetyl ehloride, 

I have to express my indebtedne.-s to Air, F, Hall, of this 
laho.miory, for most kind assistance in eondiieling the combustions 
nect'-arv for this inve.digal ion. 

Iim Dv^jON Pin-iiiiN,.,; I , M’.on.vronv, 

[AVen'o^C J>nu im, 1921.] 


^.--Thc Fotmulion of Suhstituted Succinic Acids 
fiXiUi Lcltrs of a/i-Uihuiluralcd Acids. 

By Lvov .11 [ocixiioTH.vw and Aktuuk Lapworth. 

It was diowii by Invdt and Kalleii I81)(b 293, 350) that 

hy legwi cyanide tojins com]iounds with alkvhdenemalonic esters 
taking ])laee at the etliykaue linking, and numerous 
|n>taiiee.s of .sniiilar additions to the molecules of a^-iinsaturated 
'ttonc.^ and nitriles have since been found. These may all be re- 
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garded as special instances of a general type of additive process 
represented as follows ; 

>C = C - X ~ y + H'(CX) >C - CH ~ X - Y, 

+ CX 

wlierc the nttaclied signs ;ii'e used to indicate wlmt have been termed 
tlio “polaiities of il)c atoms or grinips concerned (eonipare Pry, 
physikaL Chcm,, 191-1 76, 3S5, 308, 51)1 ; J. Amer. C'hem. aS'oc., 
1908, 30, ;U ; 191d, 34, l)()4 : 1914, 36, d84, etc. Hanekc and Koess- 
ler, J. Amn. Chm. tioc., 1918, 40, 17d(j. Compare also Vorliinder, 
Her., 1919, 52, [B], 263; Anitnnl AVpor/y, 1920, 16, 88; IlaTtchesUr 
Momoirs [Tnins. Manrli. Lit. and Phil. aSoc,, 1920, 3]). The atom \ 

is regarded as the ” law-atom " (MancJi. Nemoirs, loc. c/7,), and 
is ii.suallv bivalent oxyg/ai or tcrvalent nitrogen. Althougli 
hitherto the livdrogen cyanide nddititc jiroces.s has been observed 
only in such oa.ses vlierc - - X - Y is ivpresentcd by the >C0 of 
ketones and carboxylic dc]’i\ative3 and by the — CiX group of 
nitriles, them is good reason lo believe tliat union of X and Y by a 
double or treble linking is not essential, since tlio addition of sodiiun 
hydrogen suljiliile (which otherwise is certainly regulated by the 
same laws as the addition of hydrogen or potassium eyanid(') 
tak('s place to the ethylenic linking of cinnamyl aleoho], 
CcH.-CliX’H-CHyOli. 

It is prohahke however, tliat a doubly or tix'bly linloxl ari’angement 
of X and Y is the mo.st elective. 

There are otht'r conditions which ai^o greatly influence tlie ease 
of the additive proccs.s. Thus, for example, the presence of two 
key-atoms '' in ccrtaiji jiositions ofte n it!cree.ses reactivity, as in 
alkylideiKX'vanoacctie acids, 

x-Y=-c<;;yX’ 

which absorb hydrogen cyanide at tlie ethylenic linking imdcr 
conditions in wliicli the cories])onding nitriles or nn.substituted acids 
do not react a]j])recial.)]y (P,, 1994, 20, 245). Again, whilst, as the 
present authors have fo'snd. the enters of alkylidcncnnalonic acids 
react very rapidly witii enld solution.s of ];otassium cyanide, the 
free acids (or rather then' salts, since tlu' free acids cannot exist 
in presence of p/ttassiinn (yaiiidc) do s/i relativelv siowlv, if at all. 
This observation is rjuite in accordance' with tlu' view that the 
hydrogen cyanide addiuve pj'of'css is regulated niaiiilv by the speed 
at which cyaniclion atlaciics itself to tla* unsaturated molecules, 
for it is evident that the addition of hx drogen cyanide to the ionised 
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salt of an unsatnrated carboxylic acid \\’oiild then tend to be depressed 
},vthe mutual repulsions bet^veen tli(' cyan id ions and the unsaturated 
anions of the salt of the carl)oxyIie acid; and it seems rjiiite pro})able 
that the addition takes place almost exclusively to the un-ionised 
inolecule.s of the salt. 

'Hie addition of hydrogen cyanide to the simpit' ^rMinsaturated 
acids, their salts, esters, or amides, has not liitherto l^een observed. 
'I'he considerations to whicli attention has beem directed in the 
jireoeding paragraph rendered i< probable that t]i(‘ addition was 
likely to be effected mo.st readily by using thc^ estei-s or amides 
of the acids rather than the free acids or their salts. The authors 
have confirmed this, and inciiieritally found that surprisingly higli 
vield.s of mono-substituted succinic acids are obtained by lioiling 
the esters of un.saturatcd acids of the ty])e Alk'ClfiCfl -CO,,]! with 
aqueous alcoholic solutions of potassium evanide. In the initial 
<tage of the process, no doiiiit. the additive product is formed in 
accordance with the r'quation 

A!k-CH:cH‘COj:t -f Krx i- h,o - 

Alk-CII{(.'X)-CHyC’0,Et. -f- KOU. 

hilt partial liydrolysis of the profluct erroK'^', owing to tlu’ ];otassium 
hydroxide formed, and ammonia is ra]>i(liy evrfived. Xo sptrial 
attempts have been made to isolate tlie inteiTnediate products, 
but the crude jiroducts were at (mce further Jiydrolysial. In tlii.s 
way, crotonic acid yielded inethylsuecinic acid, and A"-nonciK)je 
acid gave hexylsueeinarriic acid, both in excellent \ ield. Tlie vields 
of substituted succinic acid are tig I msirjy so good whe 7 i there are 
Uvo alkyl groiijis in.stead of one on the fi-jiosition, or if the aikvl 
nmup is replaced hy an aryl gi'oup, 1ml >mal] quantities of ])}ienyl- 
succinic acid and of o-.s- dii net hyisuee in ic acid were obtained from the 
ethyl esters of cinnamic acid and 3;;-diin('{ hylacrylic acid re.-^pectlvelv. 


E X ? K K 1 -M K X T A 1.. 

Miflsuccinic Arid from (a) JAJo/l Crofonat^ and (b) Sodium 
< ' r ot on a 

id) Ethyl CTotonatc (5 grams) was dissolved in aleeliol (20 c.c.) 
ari(i heated on tlie steam-bath ^vith ]>otassinm cyanide {13 granns; 
I mel.) dissolved in water (b e.e.). Some ammonia was evolved 
ml the .solution iK'came yellow, .\fter four iiours, exec.ss of barium 
hydroxide solution was added and the boiling continued until 
‘‘UUiionia ceased to be evob.o'd, .rite ^vhoIe wa.s evaporated to 
TMiess, and then heated w ith concentrated nitric acid in order to 
decompose any crotonic acid. After removing excess of nitric acid 
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and working nj) the residue by extraction with ether, 5 grams o{ 
crystalline solid ^\'ere obtained, which, after shaking with chloroform 
and recrystallisation, formed colourless prisnis melting at 110° 
and had all the ])rnportios of uielbylsuccinic acid. 

The equivalent, determined by titration with standard alkali, 
was 65-3, whilst a dibasic acid, requires 66. 

The identification of the acid was completed by preparing from 
it the anilic acid and tlie anil, whicli melted at 150 and 10T5 — 
103° respeotively. 

Substitution of boiling amyl alcohol for ethyl alcohol in the above 
synthe.sis in the hope of increadng the s].)eed of reaction by use 
of a higher temperature led to vima' unsatisfactory results. With 
methyl alcohol as solvent, the yield of methylauccinic acid from 
5 grams of ethyl crotonalc was only 3 grams. 

(6) Five grams of crotonic acid, just iiciiti’alised "with 40 per cent, 
aqueous sodium hydroxide, \\ v\v boiled with 3'3 grams of potassium 
cyanide in 10 c.c. of water, during wliich time much ammonia was 
evolved. After ten lioiu's, ('xccss of sodium hydroxide was added 
and the heating continued in order to liydroi ysc any nitrile or amide 
present. On worldng up the {u'oduct and destroying unchanged 
crotonic acid by means of nitric acid, O' 7 gram of methylsuccinic 
acid was obtained. 


n-Hexi/Uuccinic Acid Jwm Ethyl ^'^■Nonenoate. 

Xonenoic acid was jjreparcd from licptaldchydc by Harding and 
AVeizmann’s method (T., lOlO, 97. 290) and converted into its 
ethyl ester. Tlie ester (4 '6 grams) was dissolved in ethyl alcohol 
(20 c.c.) and heated to boiJiiig for five and a half hours after addition 
of potassium cyanide (2 grains) di.ssoIve<] in water {8 c.c.). Ammonia 
was slo\\'iy evolved during the wliole period. Excess of 30 per cent, 
aqueous sodium hydroxide was then added, and the boiling continued 
for about an hour, when evolution of ammonia ceased. The alkaline 
solution, after cooling, \\'as acidified with dilute sulphuric acid and 
the resulting white iirecipitatt* (4 grams) of hexylsuccinamic aefi/, 
C(5Hi3*GH(C0*XH,,)*CI-l;,'C02n, filtered off. This product crystal- 
lised from dilute alcol'oi in lonu /K'cdies melting at 125 — 126° and 
its equivalent was found to be 2(>( i, the number theoretically required 
for a monobasic acid being 201. 

«-Mcxylsuccinic ackl u'as prejiared from the amic acid by boiling 
for about twenty minub^s wii li 40 per cent, sulphuric acid, the solid 
acid which separated on cooling being recrystalliscd from dilute 
nitric acid. It melted at 83- 84°, and its iJentifieation was com- 
pleted by converting into its anhydride and its anilic acid, which 
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melted at about 53^ and at 120 — 121° respectively {compare Thorpe 
and Higson, T., 1906, 89, 1470, who give tlio melting points of these 
two derivatives as 57° and 122° respectively). 

The foregoing method is probably ilie most satisfactory one for 
preparing ndiexylsuccinic acid, which is otherwise rather trouble* 
gome to obtain in pure condition. 

SiS-Dimethylsuccmic Acid from Ethyl [tii!>-rJm.el}tyhicrylate, 

Potassium cyanide (2’5 grams) di.ssolvcd in water (8 c.c.) was 
added to a solution of ethyl Ijfi-dimethylacrylate (5 grams) in alcohol 
(20 C.C.), and the whole heated for six lion ns on the steam-bath. 
Pxcess of aqueous barium hydroxide solution was then added, 
and the whole boiled for several hours, then acidified W'ith excess 
of concentrated hydinchloric acid, and evaporated to dryness, 
during which process tlie odour of dimetliy] acrylic acid was very 
evident. The residue, on extraction witli ether, yielded only 0’5 
gram of a6‘-dimethylsuceinic acid melting at 130 — 137°; it was 
identified by means of its sparingly soluble calcium salt and by the 
propvrih'.- ( f its anilic acid, which corresponded precisely with those 
ascribed to it by Aiuvers {Annalen, 1800, 292, 189). 

On repeating the above syiillicsis but prolonging the action of 
the |3otas.'fiuni cyanide to thrc'C and a half days and hydrolysing 
the product for four hours with excc.s.s of 30 per cent, aqueous sodium 
hydi'oxide solution, the yield of crude, solid dimothylsuccinic acid 
obtained was 1‘4 grams-- approximating to 30 jier cent, of the quan 
tity tlieoretically possible. [i'i-Dimothylacrylic ester tiui.s appears 
to react with potassium cyajiide much more slowly than does ethyl 
crotonate or nonciioate. 

Phenylmiccinic Acid from Ethyl Cinmmate. 

Ethyl cinnaniat<^ redacts almost as slowly with potassium cyanide 
us does ethyl pj,6-dimethylricrylale. After heating 5 grams of the 
giroiis uf ]'':tassium cyanide in 5 e.c. of water and 
-Oc.c, of alcoliol, hydrolysing the product witli baryta, and working 
up the resulting acids by acidification, extraction with other, and 
distillation with steam to remove imclianged cinnamic acid, rather 
less tlian 1 gram of phenylsuoeinic acid (m. p, 166°. Equivalent — 
b6'2; calc,, equiv. -- 97) was ol>lained. 

Sniumary. 

Metliylsuccinio acid and ?? -hexyl succinic acid are readily obtained 
ill excellent yield by heating the ethyl esters of crotonic acid and 
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A“-nonenoic acid respectively with aqueous-alcoholic potassium 
cyanide and liydrolysing the crude products. The esters of 
dimcthylacrylic acid and cimiannc acid react slowly with this 
re.agent, and give relatively poor yields of fw-diinethylsuccinic acid 
and phenylsuecinic acid respectively. 

iSodium crotonate react.s slowly with atpicous potassium cyanide 
.solution and some methylsuccinic acid may be obtained from the 
product. 

The work is being continued. 

The. authors riesirc to acknowledge' their indebtedness to the 
-Department of Scion! iHc and Tndiistfial Kesearch for a grant with 
tiie aid of wliieh the work iia.s been canied on. 

OuO.ANLe CU KMirAf. L.\ OoFiATORIKS, 

Tuk rM\i;[{AiTi, -M.A.\cHe.vT];i:. juxeived, December \st, I92i,! 


— Meiiillic Dericaiirc^ of MhvphenoUc Conipomds. 
Pad III. XifropJicnoxide^ of the Alkali 3Ietals. 

iiy Dorotuv GonDAUi) and AKoniBALD Edwin Goddard, 

AninocoH the alkali nitrophcnoxKh'.s have been previously studied 
by several investigators, no one liad recorded any details of the 
solubility of tlio hydrateit forms olitaiiied. It would appear from 
our obsei vat ion.s that the liiglier hydrates cry.stallise tinst from 
aqueous solniioo, and after tlx' lower ones have separated, eom- 
iiounds ajipear which arc complex, consi.rting of the norimil salt, 
Hitro]ilienol, and water: for example, the lithium p-nitrophenoxidc! 

\ly heating this compound at 1(10", 
both the free nitrophened and the ^culc^ can be driven oil. The 
.soiubility of tins siTies ot .silts decrease, s from lithium to iwtassium 
mid then increases again as we pass to emsiunn Rubidium and 
emsiiim salts are imieii more .soliihk' than tho.se of lithium. It 
iias been noted (Idorgan and Smitln 1921, 119 , 1068) that in the 
J-ase of the alkali selmmditl.ionates, the jmlas.dum salt is again 
I he least soluble* of the .-erk'.^s 

Koro7.,vn.ki {Ikr., im, 42. UjT) d,;:-rr,l,od a lithium u-nitr..- 
l)hc,,n.Kie ( ■.Incl, hava been unable to obtain, .and 

mentioned t!, ,lee,i red. anhulrous .alt, Tlie latter has now booa 
anahsed, out it was oiil.inied a.i a lirich-ivd powder by heatiin; the 
now oraiigc.yehow comple.v salt C,,.H,(h.\-ld,C,,H, 03 N,H, 0 , at Ibif . 
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Investigation in the ;«,eto -series has yielded the anhydrous lithium 
^;ilt and in the /?ara- series the above-mentioned complex and 
iUilivdrous salts. 

Fritz.sche {Annahn, 1859, 110, 150) obtained the anhydrous 
so(iiuin o-nitrophenoxide by the action of sodium hydroxide on o- 
nitroplienol in 90 per cent, alcohol; this sub.stance has now been 
(il)taiued by means of absolute alcohol or of sodium hydrogen 
raibonate in arjueous .solution. 

Hantzsch {Ber., 1907, 40, illlO) describes the colour changes 
Miidcrgone b}" sodium and potassium m-nitrnphcrioxides with 
('levation of tciiiperature, but mentions no definite compounds. 
'Pbe Ifydrated sodium salt (-p 2 H 2 O) ajid the corrc.sponding an- 
hydroiis derivative arc now described. J^h'itzsclie {loc. cit.) described 
the hydrated sodium p-niti’fjphenoxide.s ( [- 2H^O) and (-f dHgO) 
[irepared with the aid of sodium hydroxide, but by employing the 
carbonate in aqueous solution we have obtained the hydr.ate 
(-- 2 H ;>(.)), and by heating this at lOir, the anhydrous salt; the 
latter, on keeping in an ordinary desiccator, yield.s the; orange 
hydrate vlnch slowly reverts in air to the original 

hydrate (y- 2 H. 2 O). It is here to be noted that the anhydrous 
jwra-sail i.s dcf'p red and not yellou', as is usual for p^ra-compounds. 
but the latter form has al.so been obtained by heating the red 
iiiodilication at 2(HF for three hours and tlien k'eeping it in a vacuum 
desiccator for a similar period. 

Post and :\lehrtcns {Ber., 1875, 8, 155.5) mentioned the hydrated 
|tutassimn o-nitrophenoxkle ( f IHoO), but did not analyse the 
coaipoiind, whilst Irilzsche, employijig j»o(assiuni hydroxide, iso- 
lated the hydrate ( IH.O) from absolute-alcoholic solution. By 
(he use of potassium carl)t)iiate ami o-nifinpheiiol tlu' Jiydrate 
[ IHjtl) has Ina'ii isolated both in ,‘Hjueuus solution and in abso- 
lute alcohol, tlu' latter UK'dium yicFling the })aler product. Two 
ililfcreiitly coloured anhydnuis salts have lieeii obtained at 18(P, 
(lie one from the hydrate pj'epared iti wattu' uiving a deep red 
^■eiiipoiind, wliieh is s(ahl(> for a slioit iimt‘ and ha.s been analy.sed. 
I lie hydrate i.solated from absoliito-aleoholic scilutioii gives the red 
anhydrous eomjiound, but this rapidly turns orange-yellow and ran 
be analysed only in tills foim. In the ae'/u-series the hydrate 
( r 21M)] lias been again olitai nod. and to this is now 
fiddc'd the anhydrous salt and the complex derivative. 

in the pum-series the liydialc ( IH^O} lias .igain been isolated 
ami tiKire eumpleti'lv analysed, but tlu' authors have failed to obtain 
^hc hydrates ( l- UPO) and (■: 211,0) (h'senlu'd by l-'ritzseiie, and 
the anliydrou.s .salt is now added to these. 
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Korczjmski {loc. cit) ol.itiiined nioidium o-nitropheDoxidt! 
{d- JHoO) by carrying out the reaction iu OO per cent, alcohol, but 
the authors have isolated tlic hydrate (-- llhO) from an aqueous 
solution. This salt, riibidiui'n aoniii'ojdicnoxide (-[- 2H2O), and 
the ^am-compoiind (-f- IH,/)) are all or;nige-yellow and almost 
indistinguishable, it is only wheii tlir'V are deliydrated that they 
show normal colours. The caesium salts, on the other hand, show 
the usual colours even in their bydiated fonns. The following 
were isolated : ca?sium o-nitroplu‘noAide (-i- the wieto-salt 

(d- IHgO), the ^E?w-salt ( j- lihO), and tluir anhydrous forms. 

The solubility of all tlio above salts is much greater tlian that of 
the alkaliiic-cnrth nitro])lieu(i\ides (Cloddmd, T,, IDdl, 119,*l](}l)j 
and this accounts for tiie,dillieulty (jf forming liydratos of these 
compounds, 

E X P E R I JSl E -N T A E. 

Derivatives of o-yitrophcjiol C(;Hj(TXLi,C^H.;,0;^N,ff.,0, orange- 
yellow, granular powder [Found: N l)do (9-28)*; Li 2-83 
{2-30); Cgll.OgX -b H,0 - 52-76 (52-1)3) per cent.]. C.H^O^XLi, 
brick red [Found : - 9-16 (9-S9) ; Li - 5-Ob {4-90) per cent.]. 

CgIl 403 XXa, brilliant red needles [Found: X" — 8-48 (8-70} ; 
Na= 14-29 (14-28) per cent.]. C,;H,(\XK4.LO, prq»i-ed in 
aqueous solution, brilliant orange needles [Fou?id : \ =- 7-05 (7- 18); 
K..: 20-83 (20 03); ILO 949 (9-23) per cent.]. The same 
compound, prepared in aleoholie solutio!!, pale orange needles 
[Found: N == 7-02 (7-18); H4) = 10-2f) (9-23) cent.]. 

pne|:>ared from the hydrated compound obtained from 
aqueous solution, scarlet, beeonnjig orange in alcohol or toluene 
and slowly cliaiiging to the more stable orange form in the air 
[Found: X = 7-51 (7-91); K 22-02 (22-07^ per cent.]. The 
anhydrous salt obtained from the alcoholic preparation, orvmge 
yellow', bccoining red in jtyridine [Fimnd : X 7-70 (7-9L: 
K ~ 22*47 (22-07) per cent.], ('idljO^.XEl^.FLO^ orange-yellow 
needks, becoming deej)er orange in ale-)hoh iu-4ouc, pyridine, 
carbon tetrachloride or toluene, and im-lting in hot ethvraeetate 
[Found: 7*54 (7-4()) per cent.]. C^HjO.XLb, scarlet at 

100 and ^deep 3 ml low at KiO , not it-vening to rial on cooling. 
C 6 H 4 () 3 XCsiLO, line scarlet neeOhs, b^cr.ining ,, range in acetojie, 
deep red in toluene or (hhyl aertatm and iiirLiiig'in the latter 
[Found: X 4-51 (4-85) ; Cs ■ ( 15 - 98 ) ; lU > r -..(;-34 

(6*23) per cent.]. C^lTitLXCs, deejj j.rd [F(...und : X 4-8(i (5-17); 
Cs = 50*00 (^ih03) per c-ent.j, 

Ihefigurag m brac■!^et^i denote the theoretical percoiitagea. 
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])erivatives of in-NitropJmiol—Cfflfi^l^Li, shining, ruby-red, 
short needles [Pound: N — D-Gb (0*89); Li = 4-17 (4-90) per 
cent.]. C(5.H4();jr\Na,2HjjO, orange-red, microscopic needles [Found : 

(7-li); Na= 11-81 (IL()7); H^O = 18-72 {18-28) per 
cent.]. C(.H40.iXXa, dark orange- rod [ Foujid : X" = 8-58 (8-70); 
Xa= 14-15 (il-iS) per cent.]. fiat, short, 

orange needles [Found; N — 0-77 (0-57); K ~ 18-04 (18-34); 

16-20 (10-90) per cent,]. 2C,;R,03XK,CV,H3(XN, 21120, pale 
orange granules [Found : Xi — 7-80 (7-90); K — 14-05, 14-S6 
(IP77); H^O -= 0-80 (0-81) per cent.]. 0,,H403XK, deep orange 
j Found: X 8-00 (7-91); 21-71 (22-07) per cent.]. 

{ ',,H^0,XKb,2H20, browni.sh-orange-yellou-, microscopic needles, 
]v?eoining deep orange in carbon tetrachloride, melting to a bloo<l 
rod liquid iii boiling toluene, and giving a colourless solution in 
Isot ethyl ae(date [Found : X - d-iU (5-37): Hb = 32-93 (32-93); 
lid) — 13-09 (13-88) per cent.]. OjdJ^O^XIvb, deep orange-red 
[Found: X" — 0-14 (0-27); Kb 37-02 (38-23) per cent.], 

C’Jf/)3XX's,H.,0, f<'d ro.sette.s of iieodles, un.stablc in air, becoming 
orange, melting to a l)lood red liquid in toluene, giving a deep 
orainm solution in aleohol, (ind becoming pale yellow in ethyl 
acetate [Found : X 5-lo (4-85); (_’.s — lo-oO (45-98); H2O = 

(i-37 (0-23) ]K'i' cent.]. C^H ,().>X(_'s, deep orange-red [Found: 
X 5-19 (5-17) per cent.]. 

Jhru:(divi:< of p-X/b-op/u:77o/.--2(hdl4 03 X’’Li.C\.] F^03XX41l20, yel- 
low plates [Found ; X -- 7-08 (8-39); Li -- 2-'vi5 (2-77); CJf-OgX 
.11,0 41-31 (42-2;)) jicr eenl.]. ( ,41 [O.jXLi. orange-yellow 
[.Found ; X" : 9-93 (0-S9} ■ .Li - 4-2S (4-90) per cent.]. 

(y,[4j<}.,X7\5.i.21[.,n. brilliaiit yc-llow imt'dles [Found: X" “ 7-15, 
7-!S (7-11): Xa - 11-75, liei:; (il-OT); ILO -- 17-89, 18-35, 
I7-95 (18-28) pi r eeiit.]. 2( 'dHp. ),,XX'a,li 2 (.i, orange, becoming 
y-'lk.iw in ak-olioh (-tiH r, oi' iu-i-toue and in hot jyvridiiu’. Further 
exposure c f tliis hviirate yiel.ls tlu- hydnued form (— 2iLj(.)) [Found : 
X - S-tO (8-24); Xa FMl (I;i-5:1); ILO -- 5-17 (5-20) per 

coit.j. (‘(nijO.XiXa. seru'Ioi: nualiheaf i-)n, becomes yellow in 

ciiicr or aIe(.)lio] and oiangc in acetone |j‘\>uiid : X - ^ 8-50 (S-70) ; 
Xa 14-31 (11-28) pcj' eeiit.]. ('^dipl.XXhi, yelknv form [Found : 
Xn -14-28 (14-28) [)er cent.]. ( .4 ! , 03 XK,H 2 (), golden-yellow 
gnuiu!e.> [Found : X -- (i-OS (7-18); Iv 2li-l8 (2i)-03); H 2 O ~ 9-14 
(9-2:)') ])(.'!’ e(‘n(.]. (.',41 jD-.XI'X dii-n ynilow [.Found: X'^ = 7-89 
(7-91); i\ 22-72 (22-U7) ])ei' eenl.l, ( ',dl j()3XKb,H20, orange- 
y-dlow, inierosenpie imedies. la'ccming deep yellow in toluene or 
])yridin(‘ j Fninu) ; X : • 5-9(i (5-80) ; Rb 35-()9 (35-30); H.^O 7-41 

(T-Fi! ]ici' cent.]. C\4f/\XKb, dee]> vellow [Found : X' ~ 6-37 

(fi'27): HI, ,^v.50 (;!,S.2:i) per l eiity (■',.,H,|03>;('s.H20, lemon- 
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yellow needles, becoming deeper yellow in pyridine, toluene, or 
ethyl acetate [Found: X = 4*87 (4'8r>); H.^O — 6*33 (6*23) pe?' 
cent.]. CoHjOjXCs, deep yellow [Found : N = r>-27 (5-17) per cent.]. 

The UxivcR-^iTV, , 

Enuu-i-s-rON-, Binnixim.-.M. rfirte/'T-/, Decemkr \il«, 1921.] 


XlL-P//i/,s'/ra? Chernislry of Ihe Oxides of Lead. 
Pari in. Hydrated Lead Mono.r.kk. 

By Samuel Glasstoye. 

The true liydroxide of bi\'<ilent lead, Pb(()H)oi lias not yet Ix'cii 
isolali'd. Init two hydrated oxides, liaving the formulae 3PbO,]-lJ) 
and 2Pb0,H,0 respectively, have lieeii reported. A repetition of 
the nitdliods of preparation described by previous authors failed 
to yield any product which could be described as either of these tM’o 
eoinpounds ; in almost every case analysis gave results inlenuediat!' 
between those required for the two hydrated oxide.s. The object ol 
this work was to find the composition and .striictiiro of the substance.^; 
actnallv obtained. The methods of pr(‘paration were as follow, s : - 

I. Methods siippoH^d to (fke the compound 2Pi)O.[Pp.~{^0 iSehaiT- 
ner {Annalcn, 1844, 51, 175). Lead acetate solution was treated 
with a .slight excess of potassium hydroxide solution ; tlie product 
appeared to be amor])hous. 

{})) Liiedcking {A'/ucr. flnon. -/., 1801. 13, 120). — A solution ol 
lead monoxide in sodium hydroxide solution was exix.ised to the 
carbon dioxide of the air. Highly refracting crystals slowly formed. 

II. Jlethcds suppoe'ed to give Ihe comj>oP/id IlPliO.iPO. — (o) Payeii 
Chim. Flips,, 1806, [iv], 8, 302). The sneee.ss of this method 

depends on <a ftuirly definite concentiation of ammonia. A.s the 
quantities given liy Payiui are rntlier vague, the following niethod 
was worked out. To 50 c.c. of a cold satur’aled solution of basic 
lead acetate (made by boiling lead acetate solution witli excess of lead 
monoxide) a mixture of 45 c.c. of distilled \\ ;Uer and .5 c.c. of innmouia 
solution O'SSO) was iidded, i Le whoje wa.s kejit for twenty-fuiir 
hours at room tempetature in a clean .stoppererl bottle. Highly 
refracting crystals formed on tlie sides and bottom of the bottle. 

(6) Mulder (J. pr. CIhhi., lS71k [iil, 19, 79). This reference, 
although giyeii in several text-book.s, eouhl not be traced; tlic 
details are taken from Dammcr, " Anrjrganische Chenii(\ " IT. -• 
p. 524. A solution of a lead .^alt \\ n.>. i related \nth an alkali Itydroxide 
solution, the clear liquor wa.s deeantof] off, and the precipitate boiled 
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with more alkali. As boiling with alkali converts Ilje liydroxide 
into lead monoxide, this method is uncertain. 

(c) ])itte {Comj'it. rend., 18S2, 94, 1310). Load hydroxide, to 
which is given the formula rb(()R),, freshly precipitated by alkali, 
is said to be converted into 3PijO,HoO by digestion with 40 per 
cent, potassium hydroxide solution at 15''. This result could not 
be confirmed; the freshly pia^cipitated ])roduct, when dige.sted 
with alkali, waslied, and dried in a vjicmim, gave a product identical 
with that obtained by washing and dryiiig the original hydroxide. 
That no change takes place dining drying i.s .sliown by the f;ict 
that the freshly precipitated and drif‘d foians liave equal solubilities 
(see below). 

Ditto's second method was to saturate' 10 to 30 per cent, potassium 
hydroxide solution with lead liydroxide at a high temperature 
(insufficient to dehydrate the latter), and to allow to cod. In 
practice, this procedure was found to give green lead monoxide; 
the cold solution on exjKisurc to tin* aij' slowly deposited crystals 
(coin pare Luedeking, loc. cii.). 

{(1) Pleissner {Arh. Kaiser. Orf<v.ndh .-Aunl., 1007, 26, 384). 
Thirty-six c.c. of 10 per cent, lead acetate solution were added to 
150 c.c. of 4 per cent, baryta .'^elution in the cold. The |>recipitale. 
dried to constant wciglit ov('r .^ulpliuric acid, gave on analysis (by 
Pleissner) Pb = SO'o : IRO - 3-]8 per cent. (Ort! jiercent. nn'ssing). 

Pottger {/,. phjfsihil Cla m., PtOlT 46, OSO) added lead aceta'te 
solution to baryta in iha cold and obtaiiu'fl a product to wliicli be 
ascribid the formula oPbO.olf.d). 

JII. Other Methods. — {a) Lorenz {Z. auorg. Chera.. 1.^97, 12, 
436) electrolysed a solution of sodiiiui nitnite. usiny a lead anode 
and a platinum cathode, and st:itcd that a hydrated oxide of lead 
was produced. This method. lioweMo', was found always to yield 
a basic nitrate. 

(f/) Bottger (/or, <'/t.) madi' ssuTjus cuinjKainfls. sujiposcd to be 
iudrated oxides, by tin* action ot animuniuin livdroxide on lead 
acetate solution, and oi lead iiiii'ate x.ffiition on barvta water, 
liiese products, liowcver. were all found to be basic salts. 

ic) Wood (T., IDIO, 97, S7Sj prcjiaiaal a '•hydroxide" by the 
action of ammonium hydi'oxidc on lead nil rate' solut iom A number 
of attempts, with vmying conecntratioiis of the reactants, always 
gave basic nitrate. 

{d) Winkclblech {Anaakn. 1S37, 21. 21) and ^SchalTner [hr. cit.) 
dated that with lead nitrate solution and alkali hydroxides only 
Jasic .salts are obtained, h has been fmuid. however, that if 11 h' 
precipitate is repeatedly dige.sted with .sodium liydroxidi' solution, 

^ i}diated oxide may bo obtained free frujJi ba.sic salt 
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Preparations made by the above methods were well washed and 
dried in a vacuum over calcium chloride. The aniount of watci' 
in each product was estimated by heatiii^^ a weighed (quantity of 
the hydrated oxide to incipient fusion of the lead oxide formed 
and then rapidlv cooling; in this vay any red lead or carbonate 
formed during the initial gradual heating decomposed. Winkcl- 
blech {loc. cit.) had noted that lend hydroxide kept at 105® lost 
0'6 per cent, of water bc'fore clceomp().sition sot in ; this result ha,s 
been contirmed. Various |U'odnct.s u'crc kept at 105 110®, and a 
current of dry air, free from carbon dioxide, was passed over tbeiii; 
a.s soon as decomposition coninicncf'd (noted by slight colour change) 
the products were cooleil and the 'aatcr content was estimated. 
SPbOJTgO leriiiires l!d) 2-liL> nor cent.; 2 Pb 0 ,H 20 requires 
1120 = ,TS8 ja'r cent. 



h'ourid : 
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product.s; further, Daimr.er (c/.-. ('(7.) stjites that Mitscluu’Iich (nu 
reference given) obtained in tin-; way a substance containing IboO 
fjer cent, of water, it seemed wmtli while to iin cstigatc the com- 
position of the hydrated o.\id{‘ prod need iiruler varying conditions 
of temperature and concfuiration, ;'nlui!('iis uf sodium liydroxide 
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The coni})f)sition of the hydrated oxide thus depends on the 
temperature and (lie concentration of the reacting solutions; the 
higher the temperature and the greater the dilution, the lower is 
the water content. Wlicn the dried products were heated in a 
current of air, docompo,sition hegari at almost identical points, 
namely, when the water content was 3 '08— 3- 13 per cent. It is 
possible that all these products arc identierd, the difference being 
due to varying amounts of adsorbed water ; the latter would depend 
on the temperature and concentration of the prccipitants. 

In no case so far examined has any hydrated oxide been obtained 
(uhetlicr ciy^talline or amorphous) wdiich can be said definitely 
to ha\'e the formula 3Pb0,H20 or iPbOJT^O. We will first 
examine the case of the crystalline forms, namely, I (6) and IT [a). 
There are three possible explanations : (1) tlie crystals formed 
arc pure aubstanccs with the formula 8PbO,3Ho() (requires H^O 

2-1)4 per cent.) or dPbO,21L() (requires H,0 3-18 per cent.); 

(2) the substances are mixed crystals of tlic two hydrated oxides; 
aud (3) the crystals consist of the compound 3Pb0,H20 with 
O'o per cent, of adsorbed water. 3dic last possilality vas tested 
by keeping some ground crystals at 70 for three weeks in a vessel 
coimecled with a phosphoric oxide bulb under a vaimum of 1 mm. 
of mercury. It was thought that under these conditions adsorbed 
water would be removed ; a vciy small loss actually occurred, 
but slight dch 3 'dration aecounted (oi this, 'riic choice is thu,s 
between the first two ex])lanatious, but there appears to be no 
means of deciding wliicli is eijiTcct. 

Ill the case of the amorphous products, where the water content 
varied between 3-0(3 and 3’00 per cent., tliree explanations arc 
possible. The products may be (1) mixiurts of the two hydrated 
oxides, (2) the compound 3IM)()T1:,U touctlier with more^or less 


adsorbed water, or (3) solid solutions of thi' eompiounds oPbO.H.^O 
and 2Pb(),H.dJ^ with or without adsoibaal water. In case (l)”a 
solvent should effect a ])artial separation, and the attempt was 
made witli sodium iiydir.xidc' :a. hit ion. Produets containing 3‘75 
and 3’48 per cent, of water rc.<]jectivcly were .shaken tor several 
I'ooks with sullieieiit lO per eitu. sodium iivdroxide .solution to 
dk-olve half the solid ((i giuius ni' iiydraied oxide to lUU e.c. of 
alkali), the rc.sidiie was lilteivii olf, wa'in-d. and diiecl. in neither 


1 liilier fi'om the oiigiiial substance, 
ordinary two-[>liasc mixture. 


case did the final jirotUict at 
are thus not dealing with 

Etery projiaration of ]l\'^l^':lLed lead oxide examineti lost water 
on heating until dceomjjosit ion set in at a jKiint which was almost 
I entical in each ca.se (3'(J8 to 3-i3 per cent, of water). From this 
It seems that \vc are dcalijig, in every form of hvdratcd oxide, 
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whether crystalline or amorj:)hous, \^-ith the same chemieal entity 
tofretlier with varyijig amounts of adsorhod water. Whether this 
substance is a single conipound or a solid solution of two or more 
substances, it sceiiis impossible to decide. In the latter case wo 
should expect protluccs prepared at dilfereiit temperatures to vary 
somewhat in composition; the actual variations found (see above] 
are too .small to be as('ribed to any deli n tie cause. 


Sohihllii;/ in So'li'/ni II [idroxitk. 

Itnboubau; r {Z. anooj. (.'Item., Iboib 30. lid!) made a series of 
solubility jncaisiireuieiils on a liyciraii d oxide jircjiared by kSehallfno]'’,s 
method {lor. ril.). A\'{hhI {hx. rlL), in his solubility measuremcjils, 
employed wliat was |)nibal)iy a i.a.-ic nitrate; this would have a- 
solubility in aihali almost id(’idie;.il witli that of the hydrated oxide, 
l)rovidccl that allowance weix' made for tlu’ adkali u.scd up in decom- 
posing the l)asic .salt. TIk' eiTor caused by the omission of tins 
correction would be eoni[KU'a(ively greater in the more dilute 
solutions. Pleissner {loc. cil.) lias made a study of the hydrated 
oxide ][ (d), and lias di'termined its solubility in water by chemical 
metJiods. it was consideix'd desirable to Use this product for 
solubility determinations in vai'ving eonceiilrations of sodium 
hydroxide solution. 

Sodium hydroxide .solutions (free from earhonate) w^ere shaken 
with quantities of the hydrated oxide in stoppered bottles, ^^hich 
were then placed in a thermostat at tld'h Portions of the clear 
liquids were ■\\ithdi'awn from time to tune and analysed, until 
constant values were obtained, d'he method of analysis was that 
given in Part f (T., 119, lOS!,)]. 

All eoncentralions are exprcsseil in gram-mol. per liti-e at 25d 


( one. of 

PWa.aitJ) in 
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n- iinK) 

(!• 1170.7 
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()'ii:4s 

1-70 


1 hcse tigures wen oi-iamcd ly ibe niellind dcseribcd in Part f 
[he. cit.) on tile a.--:mi]'jt:en liiai. tlie liydiated oxide dissolves in 
sodium hydroxide according to th‘’ cfpuition 

Pb0..cdP() ; OH^ , - flPliO; -r xH.fi. 

The solubihty of the hydrated oxule in water was taken as OTo X 10 
gram-mol. (ler litre (Pieis.mcr, luc. cit.}. The last column shows 
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tiu' ratio of the solubilities of hydrated oxide and anhydrou.s oxide 
„i alkali of the same coucontration. Ry means of the melljod 
pt'{‘\-ioiisly described the dissoeiatiou constant of the monobasic 
acid H'HPbO^ produced by dissoh'ing hydrated load oxide in 
uaier is calculated as I-oo x 10'^“ at i>5'\ 

Solubilili/ in. Pola-'imiu). Ih/riwxic!^. 

ilciv. [Z, anorg. Chcni., JhOR 28, 47.'>) delormiueil (hr soliihilily 
lead " hydroxide '' in potassium hydroxide solution a,t tlu- 
ridinary lemperat uiv by two inelhods : (a) alkali solulion of 

kiMiwii eoiicentration was added to a standaid lead solution imlil 
ilir jirecipitate just rcdissolved. aiul {/;) hydrated oxirle prepared 
iy die action of alkali on lead a(-etat(' .solution was dried at (KV , and 
^iiakeil with j)otas.>]inn hydroxide; .^oluiu)!! toj' one hundre'd h<>u]‘s. 
■[ lie results in each ease indieated that 1 ^u’am-mol. of kaid hydroxide 
ivr'juires H'd to 8'8 gi'am-e(|uivs. of hydroxyl ions for dis.solution. 
ihiljf jihauer (/of. cli.) iemarked on the appaixnt differeiiee between 
.-.ndiuni anit potassium hydroxides, as in the former case about 
La gram-(sjuivs. are necessary to dissolve J gram-mol. of the 
!iyd?at('d oxide, ddu' results of Wood [lac. cii.) as well as tho.se 
-[veil above coiilirui the measurements of Kubenbauer, but a 
u petition of Ilerz's ex})ei-lntents failed to yield results in accordance 
with those given. 

(1) Twenty c.c. of a .solution contaiiiina; Id 84 grams of lead 
aedatt' in iMO e.e. of water required PI e.c. of W;TO-potas.sium 
hydroxide complrtely to dissohe the precipitaie. Allowing for 
the potassium iiydroxide recpiio'd to conxert the acitate into 
hydroxide, we lind that 1 gi am-mol. of the hydrated oxide rtaiuires 
l-i’S gram-cquivs. of alkali for dissolution. 

(:!) iboluhility determinations aeeording to Herz’s second method 
ga\e the following I'c.^ulis : 

(.‘.Hic.t-nlr.iiicrii rbO,.''II..C). KOll _ XaCJH 

of KOii. eiratu-inol. per liOv. / FbU. ' H ,{') 

i'aiHs:) A' n-ii<i:5i iX-s jisi 

‘*'11 77 A’ 0-(ios!x’ IXi* |;P4 

*he value (»f (lie ratio of sodium hydroxide to iiydrated lead oxide 
^ ‘‘dUed Im- the sake of I'nmjiarlsoii. Tile <inimudy in the ease of 
I'uui.'.'iimi hydruxitle is thus ],'ie)l)ahiy due to erroneous result.s. 

Pol< ntiui IP fisui'i );}< 

iioteutial of the half-element Pl>| PbCh.rtl.,0 .V-XaOil wa.s 
‘^dcniiined by reference to the Hg [ HgO Ah^XaGil" electrode. With 
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all the forms of hydrated oxide prepared, the value of the potential 
was - 0-554 volt at 20°, the corresponding potential with lead 
monoxide being — O’uol) volt. The iioo energy of tlio reversible 
change 

PbO,.TH/J •- PbO + ;rI-P0, 

with the water at the a(|ueoiis-vai)Oi]r pressure of -sodium hydr- 
oxide at 20°, is thus 0'005 X 2 X OlihdO joules per gram-moi. of 
lead monoxide, the liydraiod oxide being metnstable with respect 
to the oxide. TIio relative sta])i]ity is also clear fj’om the solubilitv 
determinations, and from the ohsia'vod change of hjxlrated oxide 
to oxide in the presence of alkali or boiling water {compare Pleissner, 
loc, cit,). 


Aqueous-vapour Pressure of (he Hydrated Oxide. 

If the vapour pressure of ^r-sodium liydroxide is taken as 15 imn. 
of mercury, 1 he aqueous-vapour prc.-'Sure, p mm., of the liydrutod 
oxide i.s given by the cipiation : 

1 1 0-005 , . _ 

Putting X — 1, for Pb(OH),., p is calculated as 22 mm. ; if x 1/:^ 
for 2Pb0,H20, p is 33 mnu; and if ,r 1/3, for 3PI>0,]I,,0, then 
p is 49 mm. Experimental deiei nii nations of the aqueous- vapeiu- 
pressure of partly di'eomposed Jiydu-ated oxide by the Cummini: 
method (T., 1909. 9o, 111'!) and by the use of tlie Frowein tensi- 
meter failed to indicate any a])j:i'e('i:d,(le va]>our pre.ssiire at room 
temperature. The fact tliat Hie hydr.ated oxide does not lose 
weight in a vacuum de>iecal(ii‘ eoniirms Tlii.s alcs^mec of vapour 
pressure. 4 he high values eak ulated wei'c oijtained on the 

assumption that tlic reversdAe j'i:nr:lion 

Hydrated oxide Anhydrous oxide - W.Uer vapour 

is capable of experimental reaiisaxjnn, H'e may be dealing with a 
case of suspended transfuiuailuai. but Hris ajipi'.irs seareeix’ liledv, 
since the ju'oduet.s u.sed for uu.'a ui’emi nt wei-e jiartlv dceoiujiusial 
by heat. An altCTimtive {JO'rsi’.eiit.y i.s that the livdrated oxide 
is not a hydrate’d oxide; or jiydroxide m the uidinary sinuse in whirl) 
these lerius would bo emjituyed. in ilii> case a reversible dissocia- 
tion wilii the formatiOii (u lead water viipour would 

not neces.sariiy follow, although t)ieiin(.idyna]jiicidiy there would Iv 
an ultimate teiideney for such deeompo.-,ition to t;ike ])lacc. It is 
suggested tliat tiie hydr-ated oxddc.s may be salts of the monobasic 



The oxides oe lead, part iil 


65 


acid, H’HPb02, allied to formic acid. Thus lead plum bite would 
be Pb{HPb02)2, that is, 3Pb0,H20, whilst a basic salt would be 
Pb(0H}(HPb02), that is, 2Pb0,H20. In solution, these salts 
would be in equilibrium with true hydroxide owing to hydrolysis, 
and therefore would exhibit the metastability with regard to the 
oxide indicated by solubility and K,M.F. measurements, and yet 
would exert no appreciable vapour pressure in the solid state. 

It should be possible to prepare other plumbites having the 
forniultC M (PbO'OH) or (PbO *011)2, in both cases apparently 
containing molecules of water, yet not necessarily having any 
appreciable vapour pressure. Wohler [Fog^j. AnnaUn, 1837, 41, 
311) added sodium hydroxide solution to a mixed solution of lead 
and silver nitrates, and obtained a yellow precipitate which was 
estimated to contain 34*23 per cent, of silver oxide and 65*77 per 
cent, of lead oxide. Owing to the indefinite state of the knowledge 
of atomic w*eight and valency at tliat time little importance can be 
attached to these results, Krutwig {Bur., 1882, 12 , 1264) modified 
Wohler’s method by adding alkali to the lead nitrate solution until the 
precipitate redissolved, and then adding silver nitrate solution. The 
yellow precipitate w^as wvashed w*ith boiling alliali solution and with 
hot water. The analysis of the product (dried in a vacuum) agreed 
with the formula Ag2Pb02,2H20. In gix ing this formula, Krutwig 
was probably influenced by the belief current at the time, that 
H2Fb02 was a dibasic acid an assumption not in agreement with 
later w*ork. Preparations made according to those two methods were 
amorphous, and of similar but uncertain composition. The avera^^e 
of a number of analyses gave a ratio of 2-3 gram-mols. of lead 
monoxide to 2*0 gram-mols. of silver oxide and TO gram.-mol. of 
water, corresponding roughly with the formula (Ag*HPb02)2,Ag20. 
riiis formula is of the same type as that of the basic salts of cthyl- 
btannous acid (wrongly called ethylstannic acid) preioarcd by Druce 
(C., 1921, 119 , 758). This acid also gave a number of normal salts 
(the ethyl group probably increasing tlio strength of the acid), and 
an attempt is being made to prei»are similar salts of eiliyl- and 
mediyl-plumbous acid. The silver pin mbit e prepared resembled 
hydi'ated lead oxide in having no appreciable aqueous-vapour 
pressure and in losing water on gentle heating, yielcUng a mixture 
of lead and silver oxides. Boiling water or hot alkali liydroiysed 
the salt, giving lead oxide, which dissolved in the* alkali, leaving 

ack silver oxide. Attempts made to prepare plumbites of tin, 
coppr, and mercury failed to yield any definite products containing 
^oth lead and the other metal ; in the ease of mercury a brown 
fead^^^ obtained w^hich contained about 10—12 per cent, of 

VOL. cxxi. 
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Summanj. 

(1) No metliod of preparation hitherto described yields a substance 
which has definitely the composition 3 Pb 0 ,H 20 or 2 Pb 0 ,H 20 ; the 
actual products are cither pure substances of the formula 5PbO,2H20 
or SPbO^SHgO, or solid solutions of two or more simple hydrated 
oxides. 

(2) The composition of the material obtained by precipitating a 
lead salt solution with alkali depends on the temperature and 
concentration of the prccipitants ; this is probably due to variation 
in the amount of adsorbed water. 

(3) The dissociation constant of the monobasic acid, H'HPb02, 
produced by dissolving the hydrated oxide in water is 1'35 X lO"^’ 
at 25°. 

(4) Many of the cliemical and physical properties of the so-called 
hydrated oxide may be readily explained by assuming that the 
substance is a lead plumbite. 

The author’s thanks are again due to Professor Allmand fur 
suggestions and criticism, 

University of London, 

King’s College. [Rtccn-cd, Dexembo' !«/, 102i,’ 


XIIL — Occurrence of a Crystdline Tannin, in the Leares 
of the iVeer giiinala. 

By Artpiur George Perkin and Yosiusuke Tyeda. 

The Acer ginmila, or Korean map](' tree, is common throughout 
Korea, and is especially prolific at the boundary between that 
country and China. The shrnijs average from 3 to 4 feet, although 
occasionally reaching 8 to 9 feet in height, and the leaves are of 
service on account of the tannin matter they contain. As a rule, 
the latter are plucked (luring mid autu)iin, about 1 lb. being yielded 
by each plant, and in the dried condition, admixed with the small 
twigs, they are exported to China, In that country they are ene 
ployed extensively for the black dyeing of cotton, natural copperas 
affording the mordant, ajid in 1917 the amount sent there, according 
to the Custom House authorities, was about two million kin, equiva- 
lent to 2,650,000 Enghsh pounds. The price averaged three yen, 
or six .shillings per 100 lb. 
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0n behalf of the Government of Korea, a preliminary investiga- 
tion of this material was carried out in that country by one of us 
(Uveda) at the Central Experimental Station {J. Chem, hid. Tokyo, 
191S, 21, 211 ; J. Soc. Chem. Ind., 191 S, 37, 412). As a result of 
this an extract of the leaves is now prepared [termed Shinnama 
(bitter tree) extract] containing about 30 per cent, of tannin, and 
this is used in Japan for cotton and silk black dyeing with iron 
inordant and for the production of a khaki shade on chrome- 
mordanted wool (Kogyo Kwagaku-Zasshi). 

The prevsent work was instituted in order to obtain information 
as to the chemical nature of both the yellow colouring and tannin 
matters present in the leaves. 


E X F K R I :\I E N T A L. 

Five hundred grams of the air-di’icd leaves of the Acer ginnala 
were extracted twice with 3 litres of boiling absolute alcohol for 
three hours, and the combined extracts concentrated to about 
200 c.c. Water (2o0 c.c.) was now added, the alcohol boiled off, 
and the mixture freed from chloropl^dl aJid Avax b}' means of com- 
mercial ether (J), some tannin being simultaneously removed. To 
the aqueous lirpiid freed from ether 15 grams of sodium hydrogen 
carbonate were added, and after a sliort treatment with carbonic 
acid gas the solution was agitated six times with ethyl acetate or 
until the tannin was no longer removed thereby. The latter 
extracts, after agitation with sodium chloride and filtration, were 
evaporated to dryness under redueed pressure and gave a pale 
yellow, puffed-up mass resembling gallolaniiin, which weighed 
3(v9 grams. 

This product, treated witli twic(' its volume of warm water, 
passed mainly into solution, but, on boiliiig, the mixture became 
semi-solid owing to the separation of crystals. When cold, these 
were collected and washed with water, the pale brown filtrate {B) 
being reserved for subsequent examination. The crystals, which 
averaged, when dry, 60 per cent, of the crude tannin, were rc- 
cTystallisod two or three times from about 30 parts of boiling 
ivater.* 

From the ethereal liquid A , by agitation with w'atex and treatment 
of the washings by the process just described, a further 8*7 grams of 

* The tannin can also b« obtained, but in a somewhat less pure forni, 
ii'om the solid conuiiercial extract of the leaves manufactured in Korea, 
this U digested with alcoiiol and tlio alcolioJic liquid worked up as stated 
above, Ihe yield of crude tannin thus obtained- averages 15*5 per cent. 
Some gallic acid is also {)n‘sent ir the itJieroal extract. 

D 2 
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the tannin could be isolated, giving a total yield of 45*6 grams. 
The latter product, however, contained a little chlorophyll, to 
remove which a short digestion with boihng benzene was necessary. 
The pure tannin, crystallised from water, consisted of colourless, 
prismatic needles which melted at 164-160“. Air-dried, it did 
not lose water of crysiallisation at 100“ (Found: C = 47-52; 
H - 4-85. 020^20^^13-2112^ ^ ^ ^ 

^^Heated at 125“ for several hours, one molecule of water was 
evolved (Found = 3-65. Calc., H^O = 3-57 per cent. Found; 
in the residual substance, C - 49-56; H = 4-44. (^2o^20^i3320 
requires G = 49-39 ; H — 4*52 per cent.). 

Finally, at 140“, the air-dried substance evolved two molecules 
of water’ (Found : HgO = 6-95. Calc., H^O = 7-14 per cent. 
Found: in the anhydrous substance, C = 51-07; H ^ 4-31. 
CooHgoOis requires C = 51-28 ; H = 4-28 per cent.). 

”When dried at 140“, the product is hygroscopic, and on standing 
in air regains in a short time its original weight. On keeping, 
how-ever, over-night, curiously enough, a further gain equivalent to 
a molecule of water occurs,' the total amount approximating to 
SHgO (Found : H^O = 10-75. Calc., H^O = 10-35 per cent.). 

If acertannin (1 dissolved in boiling 50 per cent, alcohol 

and the solution is not agitated,* it slowly separates as prisms 
usually possessing a faint brown tint. These, which congeal as the 
crystallisation proceeds, are difficult to obtain free from the needle 
variety. Two distinct preparations thus obtained, when heated 
at 100“, became colourless and opaque, and lost ^ molecules of 
water of crystallisation (Found: 1120 = 11-41, 11-66 per cent.). 
At 125“ four molecules were evolved (Found : H 2 O = 13-00, 13-12 
per cent.), whereas at 140“ no further loss was experienced 
(C2 oH2oOi 3,4H20 requires H^O = 13-3 per cent.). 

Finally, the prism variety, dried at 140“, gave C = 51-48; H ■- 
4-12 per cent. It thus seems evident that acertannin crystallises 
in two varieties, prismatic needles, C 2 oH. 2 qOi 3 , 2 H 30 , and prisms, 
C2 oH2oOi 3,4H20. By heating to 140“, neither preparation under- 
goes decomposition and the melting [){)int, 164 — 166“, is thereby 
unaltered. 

Acertannin is very slightly sniuhio in cold water (approx. 0-2 per 
cent.), sparingly soluble in boiling water, of which about 30 
parts are necessary for its solution, is readily soluble in alcohol, 
but slightly soluble in cold pure acetone, and gives with aqueous 
lead acetate and ferric chloride solutions respectively a colourless 

• It is preferable to seed the warm solution with a crystal from a preceding 
preparation. 
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precipitate and a deep blue coloration. It possesses a slight 
astringent taste, not nearly so marked as that of gallotannin, and 
dissolves in dilute alkali with a pale yellow colour which becomes a 
deep brown'Orange on exposure to air. With potassium acetate 
in absolute alcohol, it gives a thick, curdy precipitate, evidently of 
the potassium salt, which re.sinifiea on standing, a reaction which is 
also exhibited by gallotannin and other synthetical tannins. A 
04 per cent, solution gives with 1 per cent, gelatin in 10 per cent, 
sodium chloride solution an immediate precipitate, and this occurs a.s 
readily as with Kahlbaum’s pure gallotannin. Like the latter, it 
also precipitates basic dyestuffs. It dissolves in sulphuric acid 
to form an almost colourless solution, w'hicli on warming becomes 
deep black, a property which is evidence of a sugar or carbohydrate 
nucleus. With potassium cyanide, no coloration is produced. 
Acertannin is optically active : 0'1147 gram in 20 c.c. of acetone 
gave [k]!; + 20’o5°. 

The acid dissociation constant, kindly determined for us by Uv. 
W. R. Atkin, i.s 1 x which is practically identical with that of 
gallotannin. 

Aceiijlacer tannin. —Acerta^imm (2 grams) was acetylated by 
means of cold pjTidine (6 c.c.) and acetic anhydride (6-5 c.c.) 
according to Fischer and Bergmann’s method [Ber., 1918, 51 , 
1797). The acetyl compound thus obtained was crystallised from 
methyl alcohol, the operation being performed rapidly. It thus 
separated as ball-like masses of minute, colourless needles melting 
at 154— lbo°. From a very concentrated solution in hot methyl 
alcohol it was deposited, on cooling, as viscid globules [Found : 
C- 53*86; H-4-22; acetic acid - 59-8G. 
requires C — o3’73 ; H — 4-47 ; acetic acid = 59*7 per cent.]. 

The acetyl estimation was carried out by the acetic ether method . 
Fischer and Bergmann {loc. cif.) have pointed out that in the case 
of acctyltanniiis prolonged contact with boiling alcohol during the 
crystallisation process results in a partial removal of the acetyl 
group. Acetylacertannin was observed to possess this property, 
for after a third cry.stallisation from methyl alcohol analysis gave 
acetic acid = 58*0 per cent. A molecular- weight determination of 
this substance "was carried out by the cryoscopic method : • 

0*8197 in 12*09 of naphthalene gave A t — 0*52®, whence M ~ 785. 
^'36^30021 requires M ^ 804. 

dydrolijsis of the Tatmiu JIatter. — It was ascertained by prehm- 
>nary experiment that acertannin is not readily hydrolysed by boiling 
|dth dilute sulphuric acid, although less resistant than gallotannin 
( uscher and Freudenberg, he. cif.) in this respect, and the following 
procedure was eventually ado])tcd. Three grams of the tannin 
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in 150 c,c. of 5 per cent, sulpliuric acid were heated 
on the water-bath for twenty hours, causing the formation of a 
brown liq^uid, from which nothing separated on cooling over-night. 
The solution was extracted ten times with ethyl acetate, the 
extract agitated with sodium chloride, and evaporated to dr3mess, 
thus yielding a pale brown, crystalline mass, 1*949 grams. This, 
after a recrystal lisatiori from water, melted at 238 — 242“ witli 
effervescence, and without doubt consisted of gallic acid. 

In order to isolate the sugar from the residual liq^uid and to 
remove completely therefrom the last traces of gallic acid and a 
brown impurity still present, only the method given by Fischer and 
Freudenberg in the case of gallotannin {loc. cit.) proved effective. 
There was tlius obtained a pale bro\vn, viscid mass, wdiich was 
digested with boiling absolute alcohol. After liltration from a 
trace of mineral inaKer, the solution, on partial evaporation and 
keeping during several days, gradually deposited colourless crystals. 
These, when dry, weighed O'C gram, and from the mother- liquor, by 
evaporation, 0'0715 gram Avas further obtained. This small ykld 
of sugar is accounted for, iio doubt, by its partial destruction during 
the prolonged action of the dilute sulphuric acid ; such destruction 
has been shown to occur, although in a less marked degree, in 
the case of the glucose liberated during hydrolysis of gallo- 

tannin. The total AAeight of crude gallic acid isolated by these 

methods w^as 64 '99 per cent, by weight, w'bereas in case the 

molecule C 2 on 2 oO| 3 , 2 H 20 contained two galloyl nuclei the yield 

should be 67-46 per cent. The sugar thus obtained melted at 
141 — 142“ and, after one recrystallisation from alcohol, at 142—143“ 
(Found: C~ 44-13; H 7-43. 0(^11^20^ requires 0 = 43-90; 
11 = 7-31 per cent.). 

This compound, for which the name accritol is proposed, crystallises 
froju alcohol, in which it is moderately soluble, in small, colourle.^.s 
prisms, whereas by solution in 6 parts of hot water and keeping in a 
vacuum desiccator crystals of a considerable size are obtained 
(Found : C = 44-02; H = 7-2 per cent.}. 

Wo are much indebted to Miss W, Porter of Oxford for their 
examination. 

The system is monoelinie, with n : 6 : c = 0’8334 : 1 :0’5692; 
^=109° 59'. Forms: 6:010;, ailOO;, cJOOl}, g'Oll;. 

The crystals exhibit ttvo distinct habits, as shown in Figures 1 and 2. 
Two crystals were measured and the results ar(‘ given in the table 
below. 


&{oio:. c{ooi}. '^{ou}. 

^ ; 0" 34' (-34') !KP2'(-2') jl'aO'* 88"r)r(qr9') 32“ .')3'(-lS') 
89a7(-h3') 8958(1-2') sy 59* 34 2* 
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Optic as:ial plane 6{010} ; the negative acute bisectrix is almost 
perpendicular to cjOOlJ. The axial angle is wide and the double 
refraction strong. Dispersion p < v. 


Fig. 1. Pjg 2. 



Heated in a test-tube, aceritol distils almost without carbonisa- 
tion very similarly to mannitol, giving a colourless distillate which, 
on cooling, forms a glossy mass. With phenylhydrazine, no 
o.sazone has yet been obtained from it under conditions which 
readily gave the osazone of glucose and galactose, and when it was 
distilled V ith hy drochloric acid in the usual manner the presence 
of furfuraldchyde or methylfurfuraldehyde could not be detected. 
It does not reduce Fehling’s solution, and when digested with dilute 
hydrochloric acid and resorcinol does not give tlie red coloration 
which is an indication of a keto-hexose. 

Aceiitol is dextrorotatory, a 1 per cent, aqueous solution givinff 
lotji; -r 


For acetylation, it Avas boiled for ten minutes with 2 parts of 
acetic anhydride containing a trace of zinc chloride, the solution 
diluted with alcoliol, evaporated, and the product treated in a 
similar manner. A solution of the viscid residue in methyl alcohol 
slowly deposited crystals, and these, after washing with W'ater and 
dilute acetic acid, were rccrystallised twice by means of benzene and 
light petroleum [Foum! : C-50'8G; H = 6T9; acetic acid = 
'rH], CeH, 05 (C 2 H 30)4 requires C = 50-6 ; H ^ 6*02 ; = 

72*3 per cent.]. “ ^ ^ 


I ttra-acdi/loceritol consists of long, fine needles melting at 74—75°, 
leadily soluble in benzene or alcohol. That acei'itol contains four 
hydroxyl groups is in harmony with the fact that acertannin yields 
‘in octa-acetyl compound and indicates that in this compound six 
acetyl groups are present in the gallovl nuclei and two in the nK^ar 
lllJ clous, " 


* Our thatika art) due to Mr. A. Shimomura for tbi»i determination, 
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In order to determine if acertannin contained a digallic or a 
gallic acid residue, 2 grams of the di hydrate, C2oH2o^i3>2H20, in 
4 c.c. of acetone were iueth 3 'latcd by means of a slight excess of 
diazomethane (compare Fischer and Freudenbcrg, Ber.^ 1914, 47, 
2485). The solution, after kee])ing for some days, was evaporated 
under diminished ju'cssiiro and thus yielded a viscid, almost colour- 
less residue which did not become crystalline on keeping. It was 
hydrolysed by treating its solution in cold methyl alcohol with 15 c.c. 
of .¥-sodium*]iydroxide and allowing tlic mixture to remain at the 
ordinary temperature lor throe daj'S. I ho lir^uid v as now neutralised 
with dilute .‘sulphuric acid and the aleoljol removed by distillation. 
Colourless crystals thus separated (1-402 grams) and from the 
mother-liquor, by means of ethei’, 0-232 gram of crystals of a 
faintly brown colour and admixed with a little resinous matter was 
isolated. These products were entirely .soluble in a mixture of 
equal volumes of carbon iotrachloridc and cliloroforni, indicating 
the ahsence of gallic acid dimethyl ether (Fischer and Freudenberg, 
loc, cit.). After recrvstallisation, both fractions melted at 170'" 
and w'ithout doubt consisted of gallic acid trimethyl ether. 

The weight of the crude jiroduct of the hydrolysis (1-634 gi-aras or 
81 '7 per cent, approximate!} ) corresponds nearly with the amount 
of gallic acid I rimethyl ether which should be yielded by a digalloyl- 
aceritol, C2oH2oOi3,2H20, namely, 84’ 1 per cent. As a result, it was 
apparent that a galloy! and not a digalloyl nucleus is present in 
acertannin. 


Xon-criistaU i ne Ta an i n . 

The brownish-yellow mother-liquors {B) obtained during the first 
crystallisation of the tannin were repeatedly extracted with ethyl 
acetate, and the extract was agitated with sodium chloride and evapor- 
ated to dr}me.ss under reduced pressure. The puffed-up mass thus 
obtained in amount equal to about 40 per cent, of the original crude 
tannin could not be crystallised, but scpai'atcd from its concentrated 
solution, on kee])ing, as a viscid mass. The aqueous solution, 
acidified with a little acetic acid, gave with lead acetate a pale yellow 
deposit, this colour arising from the presence of a flavonol glucosidc, 
but an attempt to remov:- the latter from the tannin by fractional 
precipitation was unsucces.sful. 

The lead precipitate, decomposed by hydrogen sulphide in the 
usual way, yielded a somewhat purer product resembling gallotannin 
in appearance, wliicli gji.ve with ferric chloride a greem’sh-blue 
coloration and readily j)recipitatcd gelatin solution. When it was 
hydrolysed witii 5 per cent, sulphuric acid for twenty hours, a small 
amount of brown precipitate separated, a solution of which in 
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alcohol, when diluted with ether, gave a brown deposit resembling 
a catechol tannin phlobaphen, whereas the clear liquid contained a 
flavonol dyestuff which is dealt with later on. The main acid 
filtrate gave to ethyl acetate a large amount of gallic acid, and by 
subsequent treatment according to the method already described, a 
crystalline sugar identical with aceritol was isolated in fair quantity, 
although a more exhaustive puritication was necessary in this case. 
It is accordingly evident that this non-crystalline tannin preparation 
consisted mainly of a galloyl- or galloyl-aceritois together with 
^mall amounts of a flavouol glucoside and a substance which is 
probably a phlobo (catechol) tannin. 


Ellagic Acid, 

The aqueous liquid from which the tannin had been removed by 
means of ethyl acetate contained a pale yellow, semi- crystalline 
precipitate. This product exhibited the reactions of ellagic acid, 
and to establish its identity it was acetylatcd with acetic anhydride 
(in the presence of sulphuric acid) and recrystallised from the same 
solvent (Found : C ^ r)(> :i2; H 3‘i9. C 22 Hi 40;^2 requires C ^ 

,j 6T7 ; H ^ 2‘98 per cent.). 

The colourless tetr a- acetyl compound sintered at 334° and 
melted at 340—342°, and wdien hydrolysed yielded pure ellagic acid. 

The filtrate from the crude ellagic acid, by digestion at its boiling 
point with a little sulphuric acid, gave, on cooling, traces of ellagic 
acid and a flavone dyestuff, and there was also present some quan- 
tity of a brown precipitate resembling a catechol tannin phlobaphen. 


Thii Yelloir Colouring Matter. 

The piesence of such a dyestuff other than ellagic acid in the 
crude amorphous tannin has already been noted, and, again, it was 
known that the plant extract dyed mordanted calico pale yellow 
shades resembling those given by a iiavone colouring matter. A 
boiling aqueous extraettof the leaves (200 grams) was treated with 
lead acetate followed by a little ammonia. The bulky, pale yellow- 
precipitate was collected, washed, and in the form of a thin cream 
decomposed with boiling dilute sulphuric acid, From the clear 
liquid, decanted while hot, the j-ellow colouring matter was isolated 
by means of ether, and this, after removal of the gallic acid also 
present, weighed 1*2 grams, 

Tor purification it was dissolved in boiling alcohol, filtered from 
a trace of ellagic acid, and tlio solution cautiously dibit ed with 
boiling water. The fine, yellow needles ■ wliich separated were 

D* 
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collected, washed with benzene, and acctylated in the usual mainicr 
[Found: C = 58-C2; H - 3‘85. CigH 50 ,(C 2 H 30)5 requires 0^ 
58*59; H - 3-90 per cent.]. 

It was thus obtained as colourless needles melting at 191 — 195^^ 
and this melting point remained unaltered when the substance was 
admixed with acetyltju erect in. The yellow colouring matter of 
these leaves is therefore quercetin. 

General Properlies oj the Leaf. 

A comparison of the behaviour of an aqueous extract of the leaves 
of the Acer gbviala with that of sumach {Ithiis coriaria) as an 
a.s.sistarit for the fixation of basic dyes on cotton, indicated that the 
former w'as by far the less effective in this respect. Experiments, 
crystalline acertamiin and the gallotannin of Kahlbaum again being 
omplovcd, gave a like result, and it seems evident that this is due, 
at least in part, to the meagre affinity of acertannin for cotton. 

An analysis of tlie air -dried leaf according to the official method 
of the Society of Leather Trades Chemists was kindly carried out 
for us by Professor MeCaiidlish, 

Tannin matter .... 14-5 per cent. 

Soluble non-tannin matter . . 2o-l ,, 

insoluble in cold water . . oLo ,, 

Water IM 

wiio reports that although a considerable amount of tannin matter 
is thus indicated, this is unsuitable for tanning purposes and by its 
action the hide is merely converted into a hard, brittle mass.'^ It 
thus seems certain that the Acer ginnala leaves are only of service 
for black dyeing purposes, the material being preferably first 
mordanted with iron. Laboratory e.xperimeiits, employing cotton 
mordanted with iron in the usual manner, indicated that pure 
acertannin (5 per cent.) gives an excellent deep blue* colour and by 
the employment of 10 per cent, a good black. It is evidently well 
suited also for the black d\'eing of silk, d’lit khaki colour given by 
the leaves on chrome-mordanted wool, tvhich is referj-ed to in the 
iiitroduction, is due with little doubt to the ellagie acid and quercetin 
present rather than to tlit tannin itself, 

* Comparative trials ia diis respect were also oarriod out -witli the bark 
of the Ha7nam€lis tirgimea, which contaiirs the CTV.stalline digalloyl hexose 
(Freudenberg, loc. cit.) lijunamelitaiinin. Althoiiirii uu analysis by the hide 
powder method iudicated the pieseace of alaiut le per coat, of tannin matter, 
the bark extract po.sses.scd but little tanihng el'iect and yiekied a product of the 
suJJie character as, but slightly better than, Lliat given by the leaves of the 
Acer ginnala. 
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Summary. 

The leaves of the Acer ginnala are tiius shown to yield a crystalline 
tannin, iiere termed acertannin, an amorphous tannin, some quantity 
of ellagic acid, a trace of quercetin, and a])parently a small amount 
of a phlobo (catechol) tannin. Acertannin, crystallises 

ia two forms, as neeales w'ith 2H^0 and as plates containing probably 
and yields a colourless, crystalline octa-acetyl compound. 
By hydrol3’'sis with acid it jdelds 2 ruols, of gallic acid and aceritol 
according to the following equation : 

C20H00O13 -h 2H,0 ^ 2C,H,0, -f 

and as the product of its metliylation gives, ^vhen hydrolysed, 
gallic acid trimethyl ether only, it is evident that the two gallojd 
nuclei are separately attached to the “ sugar ” nucleus and that a 
digallic acid residue is absent. Although acertannin is not so 
resistant to acid as gailotanniu (Fischer and Freudenberg, Ber., 
1912, 45, 915), for which purpose hydrolysis for sixty to seventy 
hotirs with 5 per cent, sulphuric acid at 100'' is necessary, it is 
sufficiently so to indicate, as would also be suggested by its method 
of preparation, that it is not a glucoside-gallic acid such as the 
yghicoside-gallic acid of Fischer and Bcrgniann {Ber., 1918, 51 , 
1804), but rather a sugar ester, as indeed is the case with gallotannin 
and the majority of natural tannins at present examined. 

Acertannin is closely allied to hauiamelitannin, wdiich Freudenberg 
(Ber,, 1919, 52, [i>], 177) has .^howii to consist of a digalloyl hexose, 
and again is very .similar to tlm digalhnd glucose which has been 
obtained by Freudenberg and Ficl^ from chc'hulinic acid {Ber., 1920, 
53, [U], 1728). 

The hnowk'dge we now have of these compounds falls well into line 
with the classical rcsearclies of Ihsclier on gallotannin itself. 

We are indebteri to Professor i'Voudonlierg for samjdes of these 
(Tvstalline tannin matters, wliieii, although resembling acertannin 
in appearance and general ])ropeiLi("s, arc at once distinguished 
from it by their rcadv solubility in boiling water. Again, it was 
found that the more complex ory.stalliiie ehel>ulinic acid prepared 
from nmabolans dissolves much more readily in boiling water 
loan acertannin. That acertannin lacks real taijjiing properties, 
in uliich respect it resembles hamamclitannin, may arise from 
paucity of galloyl groups or tlie laei; of a digallic acid residue, 
loeter and Wilson (d\, 1910, 109, 1327). however, consider that 
‘Ci^LtaUo tanniTig arises from the co-preei[>itation of oppositely 
eiiargcd colloids, whereas acertannin may .not, like gallotannin, 
this colloidal charaet''” 

1)^2 
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The dextrorotatory “sugar’’ aceritol, CgHiaOg, which yields a 
tetra-acetyl compound, possesses the properties of neither a ketose 
nor an aldose. Its behaviour, when distilled resembles that of a 
polyhydric alcohol such as mannitol, and it is strongly suspected 
to consist of an anhydro-hexitol derived probably from either 
mannitol or sorbitol. It is common knowledge that polyhydric 
alcohols of this type form inner anhydrides, although these com- 
pounds, such as mannitan, have hitherto been obtained only as 
syrups, and it may be that aceritol is a definite anhydride of this 
class. 

The properties of acertannin, C 2 oH 2 oO]^ 3 , and the fact that it 
yields aceritol with hot o per cent, sulphuric acid render it certain 
that this tannin matter is not in reality a digalloyl-hexitol, or that 
aceritol is formed by dehydration of the hexitol during hydrolysis. 
Evidently, however, the suggested anhy dr o -Unking of aceritol which, 
in case it be derived from mannitol, may be thus expressed 

I OH 

CHj-C— C— C-C-CHj'OH, 

OH OH H H 

is of a stable character, and hydrolysis to the hexitol may be difficult 
to accomplish. 

We are indebted to Principal Irvine of St. Andrews University 
for suggestions as to likely methods of overcoming the difficulty, and 
these will form part of a further study of this interesting compound. 

Clothworkeks' Research LABonATonv, 

The Universitv, Leeds. [ Rectived , A'Ot'em&er 25</n 1921.] 


Direct Acetalisation of Aldehydes. 

f 

By Robert Do>vxs Haworth and Arthur Lapworth. 

The researches of E. Fischer on the conversion of aldehydes into 
acetals by means of alcohol containing hydrogen chloride {Ber., 
1897, 30, 3053;' 1898, 31, 345, 1989) suggested a close analogy 
between this process and the cataljriic process for esterification of 
carboxyhc acids. Deiepine {Compt. rend., 1900, 131, 684, 745; 
1901, 132, 331, 969) show'ed that when aldehyde.s react with alcohols 
in presence of mineral acid an equilibrium is attained, 

RUHO + 2R’-OH R*CTI(0R')2 + HgO, 
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the Speed of reaction increasing with the proportion of mineral 
acid acting as catalyst. As the equation indicates, the proportion 
of acetal formed is detrimentally affected by the presence of water, 
and there can he little doubt that this factor is of predominating 
importance in the case of ketones, the acetals of which class cannot 
be prepared by Fischer’s method. 

The methods used by Claisen for the conversion of aldehydes 
and ketones into acetals [Ber., 1893, 26, 2731; 1896, 29, 1005, 
2031; 1900, 33, 3778; 1903, 36, 3664; 1907, 40. 3903; Anmzlen, 
1894, 281, 312; 1896, 291, 43; 1897, 297, 3) depend on the use 
of the hydrochlorides of formimido-esters or of orthoformic esters. 
Used as additions to an alcoholic system in which acetalisation is 
taking place, these agents may be considered to affect the final 
yield of acetal by eliminating water irreversibly from the system 
in accordance with the equations 

CH(OEt):NH,HCl -f H^O - NH 4 CI + H-COgEt, 
H-C{OEt )3 -h HgO = H-C02Et + 2HOEt. 

The agents used by Claisen are theoretically almost ideal ones for 
this purpose, but their cost militates very seriously against their 
general use for the economical preparation of acetals in large 
quantities, and searches for cheap substitutes have not been 
fruitful. Direct acetalisation, by acidified alcohol, of aldehydes 
which yield readily volatile acetals, which can be removed from 
the system by distillation, appears to be relatively simple in certain 
cases; but in the majority of instances, including those dealt wdth 
in the practical part of the present paper, the properties of the 
acetals probably do not admit of separation by fractional dis- 
tillation. In Fischer’s method, the aldehyde is dissolved in absolute 
alcohol containing about 1 per cent, of hydrogen chloride, and, 
when acetalisation is judged to be complete, the whole is poured 
into water containing sodium hydroxide or potassium carbonate 
to neutralise tlie mineral acid w^hich serves as catalyst, and wtich, 
if allowed to remain, w'ould tend to cause rapid hydrolysis of the 
acetal ; the acetal is subsequently isolated with ether, for example, 
by extraction. 

The foregoing procedure has several disadvantages. The very 
considerable excess of strong alcohol is recovered, if at all, in *a 
highly dilute condition, and the mass of liquid' to be extracted 
is very large. Moreover, workers w^ho have attempted to follow it, 
e^pecia^ly, but not only, with large quantities of material, have 
requently found it difficult to obtain the yields mentioned by 
nscher, and this is possibly to be ascribed to the hydrolysis of 
acetal by the water used for ffilution w’hile the neutralisation is 
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locally incomplete. It is evident that both these drawbacks would 
be eliminated by neutralising the catalyst with an agent which 
during the operation did not increase the ratio, water : alcohol, in 
the system. For this purpose, ammonia or organic bases suggest 
themselves; but the authors’ experitiieiits indicate that ammonium 
chloride itself is an effective catalyst ; for this reason, and because 
of the complications likely to ensue, the systematic experiments 
in this direction have not been pursued, although in some cases 
these compounds might l)e adapted for the purpose. Carbonates, 
etc,, of tlie alkali metals, being insoluble in strong alcohol, introduce 
the danger of iniptufcct neutrahsation of catalyst with fatal results 
on the yields ; their use would also loud to increase the proportion 
of water in the s^’stem during neutralisaliou, 

Na 2 C 03 -r 2HC1 — 2XaCl + HgO H- COg, 

and, from this point of view, alkaline hydroxides w^ould he prefer- 
able, as, owing to their solubility in alcohol, they would be likely 
to effect neutralisation rapidly in the cold, a condition which is 
obviously necessary if the proportion of water increases while 
catalyst is present. Solutions of sodium ethoxide, or a mixture 
of hydroxide and ethoxide, in alcohol of such strength that the 
proportion of water in the system is not increased by the process 
of neutralisation, have advantages over all other agents, and such 
solutions may now be readily prepared without the use of metallic 
sodium, as experiments made in the lalioratory by IMr. T. K. Wall^er 
have demonstrated. Slight excess of alkali seems to be of little 
consequence in most cases, and although the literature contains 
records of the manufacture of acetals with the aid of powerfully 
alkaline solutions [Anmilen, 1857, 102, 3G3; 1868, 146, 193; 
Jahresber,, 1876, 336), it is probably not quite generally realised 
that most saturated acetals, whilst excessively sensitive to acids, 
are stable to\\'ards the strongest alkalis. Acetals thus resemble 
the ortho-esters ” of carboxylic acids, and, like those, have the 
properties of ethers. The liydrolytic effect of alkalis is apparently 
restricted to compounds containing the |>C“0, >C=N — , and 
similar unsaturated groups, Wdiilst any serious effect of a very 
slight excess of alkali on the yield of acetal is seldom, if ever, to 
be feared, there is no (i.mbt, with sensl1i\e aliphatic compounds, 
a danger of some de.sti uctio]i of non-acetalised aldehyde during 
the recovery proces.s. Expej’ience with isovalcraldchydc, however, 
would indicate that, with rea,sonablc care, loss due to this cause 
may be reduced to very small propiutions. 
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Experimental. 

In order to economise space, it may be stated at this point that 
each of the acetals prepared during the investigation was examined 
as to its behaviour towards acids, alkalis, and hydrogen sulphite solu- 
tions. Tn every case, dilute mineral acids caused rapid hydrolysis, 
but no appreciable effect was observed with cold, concentrated 
alkalis, even after very prolonged contact. Cold solutions of sodium 
liych'Ogcn sulphite, if smelling of sulphur dioxide, appeared to 
attack the acetals, although usually somewhat slowly, but if the 
odour of sulphur dioxide was removed by cautious addition of 
bicarbonate, the solutions no longer had any appreciable effect on 
the acetals of the saturated acetals, but still reacted slowly with 
the acetals of cinn am aldehyde and citronellal, converting them in 
the course of some days into pasty or even semi-solid masses. 
It seems not improbable that in these cases addition may take 
place at the a p -unsaturated linking even in absence of the free 
aldehyde group ; the speed of the change, however, is not so great 
as to render the use of such “ neutralised bisulphite ” impractic- 
able for the purpose of removing free aldehyde from the crude 
acetal. 

The ethyl alcohol used in aU the experiments was dried by 
Wincklcr s method, with ail precautions to ensure presence of 
dissolved calcium ethoxide in the alcohol before distillation. The 

alcoholic hydrogen chloride ” was made by passing into such 
alcohol 1 per cent, of dry hydrogen chloride, and the “ alcoholic 
sodium ethoxide ’’ by dissolving in it metallic sodium. In all 
instances, unless a statement to the contrary occurs, the acetals 
were isolated as folio w's ; To the solution in which acetalisation 
had been carried out, there was added enough alcoholic sodium 
ethoxide to neutralise the mineral acid present, phenolphthalcin 
being used as indicator. The alcohol was removed by distillation 
in a vacuum, the distilling flask being immersed during this process 
in a bath heated at about 30*^. The residue left in the flask was 
then shaken with cxoes.s of a solution of sodium hydrogen sulphite 
to which enough sodium hydrogen carbonate had been added to 
remove all odour of siilpliur dioxide neutralised bisulphite solu- 
don ) and the undissolved oil extracted with ether. Finally, 
the ethereal extract was dried over solid potassium carbonate, 
etaporated, and the acetal purified by fractionation in a vacuum. 

fhe percentage yields given represent in all cases the yield as 
(Compared with that theoretically possible. Corrected ” yields 
aie calculated m the same w ay, but include the quantities of acetal 
^0 atj]is(jd ,i]^ removing the excess of alcohol under the foregoing 
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condition, quantities which in a number of cases had to be deter- 
mined by finding the loss experienced in working up known quan- 
tities in the same manner. The majority of the initial experiments 
were carried out in connexion \\ith the conversion of benzaldehyde 
into its diethylacetal. This acetal is distinctly volatile in vapour 
of alcohol. It was found, for example, that under the conditions 
actually used for recovery of alcohol after acetalisation, about 
1-4 grams of acetal out of a total of 1T4 grams were carried over 
with 100 c.c. of alcohol, and from a series of such observations a 
means of correcting the yields was secured. The acetal lost by 
proceeding in the foregoing manner could no doubt be retained 
by using an efficient column when operating on a large scale. 


Coiw^Tsioii of BcuzoldeJiyde i) 2 io its Dietkyluceial. 

Process A . — A series of experiments was carried out on the 
acetalisation of bcnzaldeh^Tie with 1 per cent, alcoholic hydrogen 
chloride (p. 79) at about 18", tlie acetal formed being estimated 
as above described. It was found that after two days no further 
increase in the yield could be detected. The following results 
were obtained by var}dng the ratio of alcohol to benzaldehyde ; 


Ratio of alcohol : benzaldehyde by 

weight 

Percentage of acetal actually isolated 
Correction for loss by volatilisation 
Total percentage yield 


A. B. 

C. 

D. 

E. 

4-04 S'QG 

10-2 

10‘3 

31-5 

52-3 .jj'o 

5G-5 

56-;) 

54-0 

3-i (to 

8-5 

13-1 

25- S 

5o'~> G2-1 

G5'0 

69-6 

80-3 


It may be noted that the >'ield actually obtained by operating 
in the above way was decidedly larger than that obtained by 
Fischer \\hen using the same proportions of alcohol and benz- 
aldehyde. 

Study of the tabic given indicates clearly that whilst the total 
quantity of acetal formed may be greatly increased by raising 
the proportion of alcohol, there is in practice a proportion which 
it would not be economical to exceed, having regard to cost of 
recovery of material used. Under laboratory conditions, this pro- 
portion is perhaps about 5 to 8, according to the efficiency of the 
column used in removihg excess of alcohol . 

Attempts were made to ascertain whether the ideal dehydrating 
agents used by Claisen, namely, eth 3 d orthoformate and ethyl 
imidoformatc, could br^ replaced by ethyl ortho borate, or by silicon 
tetrachloride, but the yield was not improved by addition of the 
former of these, and v\as depressed by the latter. 

Process £. An AdaiJtMicn of Yoimg's Method of Dehydration of 
Alcohol to the Preparation of j'^cetals.—One part by weight of benz- 
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aldehyde was dissolved in 10 parts by weight of alcoholic hydrogen 
chloride and 17 parts by w^eight of benzene, and the whole heated 
to boiling in an apparatus of glass constructed so that the vapours 
containing the ternary mixtures of alcohol, benzene, and water 
were condensed and returned automatically to a flask containing 
excess of calcium carbide; this flask was heated in an oibbath 
at 110 — 120® and the partly dried vapours from it were Hquefied 
in a second condenser and returned to the original vessel, in wliich 
acetalisation was taking place. After thirty hours, the heating of 
the first vessel was discontinued, the whole of the liquid from the 
flask of carbide allowed to voIatiii.se into it, and then the liquid 
was cooled and worked up as in the previous experiments. The 
weight of acetal actually isolated was 66 per cent, of the quantity 
theoretically possible, and this compares very favourably with the 
figure (36 per cent.) obtained by Fischer’s original method. If 
correction be made for the amount of acetal volatilised in the 
recovery of alcohol, the total yield works out to 74 per cent. 

Use, of Ammonmm Chloride as Catalyst, 

Claisen {Ber., 1907, 40, 3906) used this salt as catalyst in effecting 
acetalisation of aldehydes and ketones by means of ethyl ortho- 
formate, but the application of this agent in place of hydrogen 
chloride in direct acetalisation by alcohol does not seem to have 
been tried. 

The present authors have found that beiiz aldehyde, when left 
with anhydrous alcohol containing 0'6 per cent, of its weight of 
ammonium chloride for Uvo days and worked up by the sodium 
ethoxide method, gives a yield of acetal only about 5 per cent, 
less than wlien hydrogen chloride is used as catalyst. When 
applied by method 7?, the results are even better than with hydrogen 
chloride, and in an experiment closely corresponding with the one 
above described in detail a yield of acetal amounting to 74 per 
cent, was realised, or Sil'4 per cent, when corrected for loss due to 
volatility in alcohol vapour. 


Aiiisaldchyde. 

The diethylacetal of the aldehyde closely resembles that of 
benzaldehyde, but is less volatile in alcohol vapour. The authors 
obtained it in yield rather less than 40 per cent, by the appheation 
of cold alcohohe hydrogen chloride for four days, or by boiling 
wth alcohol containing ammonium chloride (0'6 per cent.), the 
product being worked up in both instances by the sodium ethoxide 



82 


hawokth and lapwoeth : 


method. Fischer’s method has been applied to the preparation of 
the dimethylacetal only. 

Piperonal. 

Piperonal is decidedly more difficult to convert into acetal than 
is either benzaldehyde or aiiisaldehyde. hischer obtained a yield 
of dimethylacetal amounting to only 25 per cent. Using hydrogen 
chloride as catalyst in tlic cold or ammonium chloride at the 
boiling point of alcohob the present authors vere able to isolate 
22 per cent, and 25 per cent, respectively of diethylacetal. It is 
probable, therefore, that these quantities correspond fairly closely 
with quantities present at equilibrium when the initial latio of 
piperonal to alcohol is about 1 : 10. 


Cinnamaldchyde. 

This was selected as an example of an unsaturated fatty- aromatic 
aldehyde. Its dimethylacetal has been obtained both by Fischer 
and by Claiscn. Applying much the same conditions for preparing 
this acetal as were used by Fischer in making the corresponding 
dimethylacetal {Ber., 1898, 31, 1990), but working up the product 
by the sodium ethoxide method and removing unchanged aldehyde 
by rapid treatment with “ neutralised bisulphite solution,” a 35 
per cent, yield of acetal ^^'as obtained ; this figure, corrected for 
loss due to volatihty in alcohol, corresponds with a total of 40 per 
cent, of the theoretical quantity. There is considerable formation 
of brown tar, no matter how the product is worked up. By 
reducing the proportion of hydrogen chloride to OT per cent, and 
prolonging the action for four days, the yield was increased by 
3—4 per cent. Using ammonium chloride {O'G per cent.) as catalyst, 
the total quantity of acetal formed after five days in the cold Avas 
42 per cent,, but in this instance there was no formation of tar, 
and nearly the whole of the non-acetaliscd aldehyde was recovered 
as oxime. 

It does not appear to be advantageous in the case of ciiinam- 
aldehyde to apply the modified Young dehydration process (p. 80), 
as, owing to the hcatiTig necessary, much tar is formed even when 
ammonium chloride is used, and there is loss both of aldehyde and 
acetal. 


Ciironellal a7id Citral. 

The dimcthylacetsi of citroneilal has been prepared by Harries 
{Ber., 1900, 33, 857), who used Fischer’s method and obtained it in 
56 per cent, yield. The present a^uthors isolated the diethylacetal 
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(b, p. 122 125°/ 12 mm.) in 60 per cent, yield by leaving citronellal 
with five timea its volume of alcoholic hydrogen chloride at the 
ordinary temperature for eight days, then working the product 
by the hydrogen sulphite method and using a column in recovering 
excess of alcohol. A peld of about 50 per cent, was obtained when 
the aldehyde was boiled with ten times its volume of alcohol 
containing ammonium chloride (0-6 per cent.) as catalyst. 

There is hut little formation of tarry products when citronellal 
is acctalised in either of the above ways, and the bulk of the 
aldehyde which has escaped acctalisalion can he recovered. In 
these respects, the aldehyde differs greatly from oitral, which yields 
not more than 15 per cent, of product having tin* properties of an 
acetal {b. p. 140 14-2 /15 mm.) and is mainly converted into tarry 
products. 


iso Valeraldehyde,, 

The diethylacetal of i.wvaleraldehyde has previously been made 
by Alsberg {Jahresber., 1864. 485), who describes it as an oil having 
a pleasant, fruity odour and boiling at 158-2T In the experiments 
made by the present authors, the acetal isolated boiled at 152— 153T 

Although appreciably volatile with alcohol vapour, especially 
during recovery from alcoholic solution with the aid of a vacuum, 
the acetal may be separated from alcohol with little loss by 
distilling at the ordinary pressure and using a column. 

Using Fischer’s method for acelalisation, but working up the 
product after nine days in the cold by the sodium ethoxido method, 
the acetal was isolated in yield amounting to 32 per cent, of that 
theoretically possible, whilst nearly the whole of the remainder of 
the aldehyde was recovered as sodium hydrogen sulphite compound. 
Using ammonium chloride (6*6 per cent.) as catalyst and boiling 
for twelve hours, the same yield of acetal as before was obtained, 
and a slight improvement was effected by applying the modified 
Young dehydration process (p. SO). Most of the aldehyde which 
escaped acetalisation was found as bisulphite compound in the 
Msh-liquors. 


m-NitrobcnzcddfJnjdr . 

Fischer has previou.sIy prepared the dimethylacetals of o- and 
p-nitrobenzaldchydes by his process, the yields being 70 and 77 
per cent. re.spectively. The present authors, by leaving m-nitro- 
beiizaldehyde for six days with live times its weight of alcoholic 
hydrogen chloride and working up the product by the sodium 
etlioside process, obtained a yield of diethylacetal corresponding 
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with 78 per cent, of the theoretical amount. The acetal had the 
properties assigned it by Claisen {Ber., 1898, 31, 1016). 

Red-uction of m-NitrobenzaldeJiydediefhjlcicetal. 

The reduction of nitro-acetals in the aromatic scries does not 
seem to have been previously accomplislied. The authors effected 
the reduction of m-nitrobcnzaldeliydediethylaoctal as follows: 
Sodium sulphide crystals (oO grams) were dissolved in water (50 c.c.) 
and partly converted into the hydrosulphide by addition of con- 
centrated hydrochloric acid {25 grams) ; the resulting solution, 
which had an alkaline reaction, was added to alcohol (90 c.c.) 
containing 15 grams of the acetal, when heat was evolved and the 
mixture became red. Reduction was completed by boiling for six 
hours, the alcohol was then removed by distillation through a 
column, and the residue, which still showed a distinct alkaUne 
reaction, was cooled and extracted with ether. Evaporation of 
the washed and diied ethereal extract yielded a yeUow oil, which 
was freed from volatile impurities by heating for some time in a 
vacuum at 100°. There is little doubt that the above oil was 
impure It contained no free 

aldehyde, as it was unaffected by cold “neutralised bisulphite" 
solution, ’free hydroxylamine, or phenylhydiazine. It was nearly 
insoluble in water, but dissolved in dilute mineral acid, being at 
once converted into a salt of m-aminobcnzaldehydc, which was 
precipitated in a powder on subsequent addition of alkali. Heated 
with hydriodic acid, the oil gave off a volatile liquid, evidently 
ethyl iodide, and with a mixture of beri/oic and sulphuric acids 
evolved the odour of ethyl benzoate. The behaviour of the oil 
towards phenylcarbimide is somewliat striking ; con.siderable evolu- 
tion of heat occurs on mixing, and a yellow precipitate separates; 
this, w'hen purified, melts at 168°, and appears to consist exclusively 
of the phenylcarbamide derived from the aminoaldehyde (Found : 
C = 70-3; H - 5T ; N - 11-9. CHO*CV.H4'XH*CO-NH-CeH5 re- 
quires C = 70-0; H = 5-0; N - 11-7 per cent.), as it gives no 
test for acetal, but reacts at once with phenylhydrazinc, giving 
a phenylhydrazone which forms yellow' crystals melting at 196'' 
(Found : C = 72-9 ; H - 5‘1 ; N = 17T. C20H18ON4 requires C - 
72'7; H-^o*5; N 17-0 per cent.). In similar manner, when 
the aminoacctal is shaken with benzoyl chloride suspended in 
aqueous sewlium hydroxide solution, even when the conditions are 
maintained alkaline throughout, the odour of ethyl benzoate 
becomes perceptible and the crystalline product obtained (m. p* 
115 — 116°) is the benzoyi derivative of m-aminobenzaldebyde 
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(Found : 0 = 74*4 ; H = 4*9 ; N = 6-3. CHO-CeH^^NH-CO-CgHg 
requires C — 74'7 ; H = 5*0 ; N = 6*2 per cent.), as indicated by 
response to tests for free aldehyde (.phenylhydrazone, m. p. 212®. 
Found : C = 75*8 ; H = 5*5; N — 13*5. C 2 (,Hj.yON 3 requires C — 
76*2; H = 5*4; N = 13*3 per cent.) and by the negative results 
obtained on applying tests for the acetal complex. 

The aminoacctal in ethyl acetate solution yields a crystalline 
precipitate with picric acid, but this is a picratc of the free aldehyde. 

Thus, whilst the aminoacetal docs not respond to any test dis- 
tinctive of free aldehyde, it reacts with agents which attack the 
free amino-group, but in all the cases examined only the derivatives 
of the aldehyde and not of the acetal have been isolated and it 
has not yet been determined whether this result may be modified 
by rigid exclusion of moisture. 

Summary. 

The complete stabihty of acetals towards alkalis and their great 
sensitiveness to acids render it possible to foresee the conditions 
necessary to avoid reversal of the acetalisation of aldehydes by 
alcoholic hydrogen chloride, and one process is described which 
satisfies these conditions and permits of the ready isolation of 
numerous acetals and recovery of excess of strong alcohol. 

Ammonium chloride may be used as catalyst in place of the 
hydrogen chloride in l^ischer’s pi-ocess for acetaiisation. By adapt- 
ing Young’s proce.ss for the dehydration of alcohol by distillation 
with benzene, and using ammonium chloride as catalyst, larger 
yields of acetal than by Fischer’s original method may be obtained. 

Cold aqueous solutions of sodium hydrogen sulphite, which have 
been freed from all odour of sulphur dioxide by means of sodium 
hydrogen carbonate, have no action on the acetals of the saturated 
aldehydes which have been examined, but very slowly alter the 
acetals of cinnamaklehyde and of citronellal. 

w-hiitrobenzaldehydedietliydacetal may be reduced to ?n-amino- 
bcnzaldehydediclhylacetal by means of an alkahne .solution of 
soebum hydrosulphide. 
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XV .— Interaction of Aromatic Disulfhidea and 
Sulphuric AcuL 

By Samuel Smiles and Eenest Wilson McClelland. 

From the behaviour of aromatic disulphides in presence of sulphuric 
acid, evidence has been adduced to sliow that the equilibrium repre- 
sented by the following expression is established : 

K-S-S-K + H^O — R-S‘OH + HS-R. 

In all the cases examined this hydroRsis appears to take place 
only in solution in the concentrated acid, and when water is added 
the greater part of the insoluble disulphide is recovered. If this 
hypothesis be a coiTcct interpretation of the state of a disulphide 
in such solution, it follows that the addition of another disulphide 
or mercaptan should result in the formation of an un symmetrical 
disulphide in the equilibrium mixture : 

K.S-OH + HS-R' H.o --- R‘S-S‘R/ 
or R-SK d- H 0 *S* 1 V H.O -f R-S’S-Rb 

The experiments now described were carried out with the object 
of submitting the hypotliesis to this further test. The experi- 
mental difficulties involved are considerable, for a reacting mixture 
such as that described would contain three disulphides and the 
isolation of the unsymmctrical compound would in most eases be 
uncertain. This circumstance has been met in the following manner. 
By taking one disulplddc in large excess the product should consist 
chiefly of two disulphides : the unsyinmetrical compound and that 
taken in excess ; the separation of these two and the third disulphide 
present only in small amount was rendered more easy by choosing 
reacting disulphides of widely dilfcreiit physical properties. The 
materials employed in one series of experiments were 2 : 2'-dithio- 
benzoic acid and dithiogl 3-00! lie acid ; llie unsymmctrical disulphide, 
2-carboxyphenyldithioglycollic acid, HOgC'CQlIpS'S'CHo’CO.fh 
was isolated from the solution of these substances in sulphuric acid. 
The prolonged action ol hot sulphuric acid with this substance lead.s 
to an interesting result ; a product is formed which contains the 
dithiobeuzoyi group, and the tnet givc.s important evidence of the 
presence of the dithic arrangeiiKuit in the su b, stance. 

Since the condensation of the ffitliiobenzoic and thioglycollic 
groups may he thus effected, the investigation was extended to the 
interaction of hydrogen sul))hide with 2-tliiolbcnzoic acid or the 
corresponding disulphide, With these reagents it is to be expected, 
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in accordance with the hypothesis described, that an unaymmetrical 
disulphide containing the structure of a thiosulphcnic acid should 
be formed : 

R-S-OH + H-SH K-S‘SH + H^O. 

Very little is known of this class of compound, in fact the 
S-jiaphtliyl derivative, which was obtained by White (T., 1918,113, 
bOS) from the interaction of sodium disulphide and [imaphthyl 
disulphide, appears to be the only representative hitherto isolated. 
In presence of sulphuric acid, which has been employed in the 
experiments now described, there is little doubt tliat a thiosulphcnic 
acid would not survive, but, like all compounds containing the sul- 
plnclryl group, would be oxidised, yielding the tetrasulphide or a 
polysiilphido and sulphur : 

2R-S-SH + 0 = R-S-SySR + HaO. 

By the use of 2-tbioIbcnzoic acid, this result is avoided and a 
simple product, 2 ‘dithio benzoyl (I), is formed by intramolecular 
condensation ; 

p ^ .SvSII P ^ 

(IL) (T.) 

The compound, being xmlatilised by steam, is readily isolated. 
This substance is very easily obtained from other sources. For 
example, the 2'pulytliiobenzoic acid obtained at an intermediate 
stage of the preparation of 2-thiol benzoic acid (D.R.-P. 205450} 
yielded 2-dithiobenzoyl when warmed with sulphuric acid. It is 
evident that in this reaction the polysulj)]iicIe chain is broken and 
tliat among tlie fragments the dithiobcnzoyl group occurs probably 
3.S 2-thiosidplienylbeiizoic acid (II). ^Varm sulphuric acid decom- 
poses the unsym metrical disulphide mentioned in a foregoing 
paragrapli, the formation of 2-dithiobenzo}'i being effected by rupture 
ul the thioglycollyl group. 


n T. ^S-S-CHyCO'OH . p ^ 


CO- 


(in.) 


Tinally, it may be mentioned that phthalyl sulphide (III) and 
-•thiolbciizuic acid yield this compound under the same conditions. 

^Vith the pos.sible cxccptioii of deliydrodithionmalonanilide 
(Ueissert and Slord, Bcr., IDOG, 39, IT302), the heterocyclic system 
<'entaiiK'd by 2-dithiobcnzoyl does iiot appear to have been previou.sly 
encountered. It is remarkably resistant to the action of acids; 
, ^^bstance may be boiled with dilute mineral acids, and may even 
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be heated at 90“ with concentrated sulphuric acid, without mder- 
going change. Moreover, contrary to anticipation it does not yield 
Loxanthone under the same conditions as 2.thiolbenzoio acid. 
The substance is not so stable in presence of alkahne reagents; 
and although it is not attacked by cold aqueous soihum hydroxide, 
and only slowly by the hot medium, it readily yields to the influence 
of sodiL ethoxide, 2 -dithiobenzoic acid being formed Boimg 
aniUne reacts in a similar manner, yielding the anihde of Mthio- 
benzoic acid (IV). Aqueous sodium sulphide quickly dissolves 

fn Tj ® 1 C H CIMC 2 N : C|3H3'^^)>S 

r«^4<CO'NHPh L ^ ‘ ^ 

^ (IV.) ('■) ^ , 

2-dithiobenzoyl, giving yellow solutions containing the sotom salt 
of an unstable acid, probably the trithio-compound (\) ; but when 
the latter is set free by mineral acid the cychc compound is regener. 
ated. In view of the stability and various modes of formation of 
this cyclic system it is interesting to notice that the analogous 
dithio-imino-group is capable of existence. In tins case also, only 
one representative (eompare Eng. Pat, 17417) appears to bo kno™; 
this has been termed methylene-red (\T), and was obtained by 
Bernthsen {Anmlen, 1885, 230 , 137; 1889, 251 , 19) from the 

oxidation of o-dimethylamino-2-aminophenyl mercaptan in presence 
of excess of hydrogen sulphide. The process of formation is thus 
similar to those of 2-dithiobenzoyl, and the stability is of the same 
character, for the substance resi.sts boiling dilute acids, hut is 
resolved by alkaline reagents into 5 : 5'-tetrametliyldianuno-2 : 2'- 
diaminodipheriyl disulphide. 


E S P E R I iT L N T A L . 

2-Garboxypkemjldilhioghjcollic Acid, H02C*CgH^'S2’CH2*v^02H. 

A solution of 3 grams of thiolglycollic acid in 10 c.c. of con- 
centrated sulphui’ic acid was kept at 45'" for half an hour or unti 
conversion to the disulphide was complete. One gram of 2-thio • 
benzoic acid or the corresponding disulphide suspended in 10 c.c. 
of sulphuric acid was added, the mixture being then constantly 
shaken and kept at oUk After the lapse of about fifteen miniitw 
the solutioTi was poured over crirshed ice, then the solid wluci 
separated was coiled ed and treated with boiling water. A sina 
quantity of the insoluble 2-ditliiobenzoic acid was removed and tie 
solution set aside to cool, when the required disulphide separate 
in the crystalline state. The product was purified by fractiona 
precipitation with water from the alcoholic solution, 2-carbos} 
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phenylditliioglycoUic acid being tlius obtained in small, colourless 
needles which melted at 181—183° (Found : C = 44*5 ; H = 3-5. 
CfifiA requires C = 44*2; H = 3-3 per cent.). The substance 
is sparingly soluble in cold water, but readily so in the hot medium 
ami in most organic solvents. The solution in sulphuric acid exhibits 
a green fluorescence ; in the warm medium the substance is decom- 
posed. The instability of the disulphide is clearly shown by the 
prolonged action of boiling water, which produces among other sub- 
stances 2-dithiobenzoio acid. The formation of this product may 
l>e interpreted by tlio hydrolysis of the unsym metrical disulphide, 

1120 1- Ar-S-S'R Ai-S-OH + R-SH 
H^O d- Ar-S-S‘R ^ ArSH -f R-S-OH 

and the formation of the mo.st stable and lea.st soluble disulphide 
from the fragments : 


Ar*S-OH d- HS'Ar --=^ H^O d- Ar*,S-S-Ar. 

The assumption that hydrolysis of this disulphide may be thu.s 
effected by boiling water is supported by the fact tliat some sym- 
metrical aromatic disulphides are decomposed by a cold dilute 
solution of sodium hydroxide (T., 1921, 149, 1792)." 


'2-Dithiobenzoyl {Formula I). 

(a) From l-TJiiolbenzoic Acid and Hydrogen Sulphide. — A current- 
of hydrogen sulphide was passed at intervals through a solution of 
5 grams of 2-thiolbenzoic acid in 50 c.e. of sulphuric acid at 45°. 
After each addition of hydrogen sulphide tlie mixture was thoroughly 
■shaken. Finally, the cold reacting mixture ^\■as poured over ice, 
and the resulting liquid was treated vith a current of steam. The 
volatile solid contained uncoiiibincd sulphur, which was removed 
by renewed treatment \\-ith steam in presence of powdered iron, 
the product was again collected and rccry,stalliscd from aqueous 
alcohol. The same substance was obtained by heating 2-poly- 
tluobcnzoic acid with sulphuric acid and submitting tlic product to 

Similar proce.ss of purification. 

(b) From '2~Tholhenzo\c Acid and ThiolghjcoUic Acid. — A mixture 
0 0 grams of 2-tliiolbenzoic acid and an equal weight of dithio- 
?}oo c acid was heated with 100 c.c, of sulphuric add for two 

oiirs at oO— 60°. The resulting .solution was treated with ice-cold 
-- product purified by volatilisation witli a current of 

^ earn, ^.unilar treatment of 2 -carhox 3 'phenylditliioglycoll[c acid 
resenee of dithioglycollic acid yielded the same product. 
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(c) From 2-Thiolbenzoic Acid and Phthalyl Snlpkide.~A solution 
of 1 gram of the acid and 1'2 grams of phthalyl sulphide in 20 c.c. 
of sulphuric acid was heated for two hours at 50 . The product, 
which was obtained as in the foregoing preparation, contained a 
small amount of phthalyl sulphide; this impurity was removed by 
shaking the ethereal solution with cold dilute aqueous sodium 
hydroxide. 

The products of these several methods of preparation were iden- 
tical. 2-Dithiobenzoyl crystallises from aqueous alcohol in slender, 
pale yellow needles;"^ it melts at 77° and is readily soluble in mo.^t 
organic media (Found : C = 49'9; H = 2-7 ; S — 38'2; 31 = 161. 
C 7 H 4 O 2 S 2 requires O=-4904; H-=2-39; S = 38T3 per cent; 
31 = 168). Although unattacked by dilute aqueous alkali hydro- 
oxide, the substance is readily decomposed by a warm solution of 
sodium ethoxide, 2 -dithiobenzoic acid being formed. Aqueous 
sodium sulphide dissolves 2 -dithiobenzoyl, giving a yellow solution 
from which the cyclic compound is recovered by the addition of a 
mineral acid. Reduevion wuth zinc dust in w’arm acetic acid \uelds 
hydrogen sulphide, zinc sulphide, and the colourless form of 2 - 
thiolbenzoic acid, which melts at 164—165° (Hinsberg, Rer., 19h3, 
43 , 652). With an ammoniacal solution of silver oxide the substance 
rapidly yields silver sulphide. 

Reaction of Aniline with 2-Diihwhenzoyl—A solution of the 
thio-coiu pound in anihne was boiled for three hours, then cooled 
and treated with excess of dilute hydrochloric acid. The solid 
product was collected and treated success! \'ely with water and with 
a little hot alcohol. Tlie residue was crystallised from hot glacial 
acetic acid, when the pure product was obtained in small, culmu'- 
less needles which melted at 239—240°. The nature of this sub- 
stance W’as proved by comparison with the dianilide of 2 -dithio- 
benzoic acid, which was prepared by the action of hot aniline w ith the 
dichloride of 2-dithiobenzoic acid [Her.. IS98, 31 , 1670), Tlic 
product obtained by this process was puriHc-d by the usual methuds 
and w'as found to be identical with that isolated from the inter- 
action of aniline and 2 -ditliiobenzoyl. It melted at Ihe saim' 
temperature as the latter, wiiether luxated alone or mixed with ii 
(Found ; X — G’ 6 . C.,|II,.q(XX.,S._, rciiiiires X GT4 per cent,). 


King’s Cor. Loom 
Loxoov. 


'Receice'l, Decembpr (W, 
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'%Sl,—Organo-denvatives of Bismuth Part F. The 
Stahility of Halogen^ Cyano-, and Thiocyano- 
derivatives of Tertiary Aromatic BismutJiines. 

By Frederick Challenger and John Frederick Wilkinson. 

XiiE dihaloids of triphenylbismuthino show diminished stability 
^vith increase in the positive character of the halogen until, with 
iodine, the di-iodide, PhgBil.^, has not been isolated but immediately 
decomposes, giving iodobenzene and diphcnyliodobi.smu thine 
{Challenger and Allpress, T., 1915, 107, 21 ; Gillmeister, Ber., 1897, 
30, 2S43). As a result of work described in this and in previous 
communications, the relations existing between the dihaloids and 
similar derivatives may be summarised thus — 


51- p- Temp, of Decomposition. 

Dlfluoride ir)9^ 190 -200" 

Uichlorido 141° loO', and .slovly in boiling benzene. 

Dibromide 122° 100", and easily in boiling benzene. 

Ui-iodide, not isolated, unstable, yielding I'hjiJil and Phi. 

Dicyanide, not isolated, unstable, yielding Phpii CX and PlrOX. 
Ditiiiocyanate, not isolated, unstable, yielding PluBi'SCX and Ph‘SCX. 


The decomposition of the dilialoids may be represented by the 
equation-' — 

p) FhgBiXg — PhgBiX -f- PIiX 
or (ii) 2Ph3BiX, =- PligBi -h PhBtX,. 2PhX 

and at a higher temperature, 

(iii) 2PhgBi --llPh, — 2Bi, 

When triphenylbismuthino dichloride is treated with potassium 
fluoride in aqueous-alcoholic solution, tri phe>njlh}smnfhine dijiuoride, 
uj. p, 159'^, is produced. This decomposes when heated, giving 
lluorobenzene, triphcnylbisinuthine, diphenyl, and probably bismuth 
fluoride. Although no tetraphenylbismut'honium haloids have so 
far been obtained, the stability of the dilluoridc led us to hope that, 
Ijy interaction with magnesium plmnyl bromide, tctraphenyl- 
bt'-i.jatlionium fluoride might possibly be formed, but only triphenyl- 
bismiitliiiie was isolated. 

The action of potassium hydrogen lluoridc on triplienylbismuthine 
dicliloride differs from that of the normal fluoride, triphemdhismutli- 
lue being obtained, The production of this aub.<?tance from potass- 
fluoride and diphenylbromobismuthine {p, 101) appears to 
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be analogous, and is possibly due to the production of potassiuin 
hydroxide by hydrolysis (see p. 94; and Challenger and Goddard. 
T., 1920, 117 , 766). 

The course of the reaction between diphcnylbromobismuthine 
and silver nitrate depends on the temperature and possibly on the 
time of interaction. In boiling alcohol, silver bromide, bismuth 
oxynitratc, and sometimes triphenylbismuthine are produced, 
whilst reaction in the cold yields the bismu thine, bismuth salts, 
diphenyl silver bromide, and metallic silver. Probably the first 
product is diphenylbismuthine nitrate, Ph^BiNOg, which may react 
with water, forming benzene and bismuth oxynitrate. It may also 
be hydroly.sed to nitric acid and diphenylhydroxybismuthinc, 
Ph 2 Bi-OH‘ which would then yield triphenylbismuthme and bismuth 
hydroxide (Michaelis and Marquardt, Annalen, 1889, 251 , 323). 
Challenger and Allpress (T„ 1921, 119 , 916) have shown that 
triphenylbismuthine and silver nitrate give a yellow, crystalline 
precipitate, probably having the composition AgN 03 , 2 AgPh, a 
compound which has been described by Krause and Schmidt {her., 
1919, 52, 2150). This compound woulfl probably decompose, giving 
metallic silver and diphenyl - 

AgK03,2AgPh - AgX03 A 2Ag 4- 

This would be analogous to the behaviour of alkyl and aryl 
plumbanes, which also reduce silver nitrate to the metal, giving 
organo-silver compound.? as intermediate products (Krause and 
Schmidt, loe. cit.). 

From lead thiocyanate and diphenylbromobismutliine in alcoholic 
solution, triphenylbismuthine and dipkcnyltkwcyanohismnthne. 
PhgBi-SCX, were obtained. The production of triphenylbismuthine 
is due to decomposition of the diphcnyltliiocyanobismuthine in 
alcoholic solution, a reaction which has been observed during the 
purilicaiion of this substance, and whicdi is analogous to the behaviour 
of diphenylcyanobismuthine (T., iOlo, 107 , 20) — 

SPln^Bi-SCX - 2Ph3Bi 4- Bi(SCX)3. 

Diphenylcyanobismudiiiie wa.s also obtained from diphenyl- 
bromobismiilhine and potas.sium cyanide in aqueous-alcoholic 
solution. 

In an attempt to obtain tht' unknown dicyanide, Ph 3 Bi(CX) 2 ) 
from the dichloride and alcoholic potassium cyanide, diphenyl- 

* Mr. A, L. Smith ha"? .shown that diolienylbromobUmuthine and silver 
fluoride in the cold give onlver bromide, bismutlr fluoride, diphenyl, and 
metallic silver, * 
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cyanobismuthiiie was isolated, which may be explained by the 
elimination of benzonitrile from the dicyanide. When the dry 
dicliloride and silver cyanide are gently heated, the odour of benzo- 
nitrile is apparent at 75”. It was hoped that the unknown triphenyl- 
bismuthine dithiocyanate, Pli 3 Bi(SCX) 2 , might be obtained by 
treating the dichloride with silver thiocyanate in cold alcohol, but 
no reaction occurred. 

When lead thiocyanate and triphenylbismuthine dichloride were 
heated to about 85”, phenyl thiocyanate was produced. 

From lead thiocyanate and an alcoholic solution of triphenyl- 
hisiuuthinc dichloride, diphcnylthiocyanobisniuthine, phenyl 
thioo 3 mnate, and polymerised thiocyanogen, (SCX)^; (Soderback, 
Annalen, 1019, 419, 217) wxwe isolated. 

An attempt to obtain triphenylbismuthine dithiocyanate by 
the addition of free thiocyanogen, (SOX) 2 , prepared according to the 
method of Soderback [loc. dt.), to triphenylbismuthine in ethereal 
solution was also unsuccessful, the products being bismuth thiocyan- 
ate (Bender, Ber., 1887, 20, 723), phenyl thiocyanate, and diphenyl- 
ihiocyanobismutliine, wliich has therefore been prepared by three 
different methods. This is analogous to tlic action of thiocyanogen 
on mercury diphenyl, giving mercury phenyl thiocyanate and 
phenyl thiocyanate (Soderback, loc. cil.). The production of the 
small quantity of bismuth thiocyanate might bo caused by further 
substitution, or decomposition of the diphenylthiocyanobismuthine 
as above. 

From these results, it is obvious that triphenylbismuthine 
dicyanide and dithiocyanate— as well as the di-iodide — are extremely 
unstable compounds, a property which is shared by the correspond- 
ing salts of copper. 

This being the case, it was of interest to determine whether the 
cyano- or the thiocyano-radicle possesses the greater affinity for 
bismuth. For this purpose, cyanogen sulphide, (CXl^S (Schneider, 
J. pr. Chem., 1885, [ii], 32, 187), and triphenylbismuthine w^re 
shaken with dry ether for eleven hours, yielding bismuth thiocyanate, 
unchanged triphenylbismuthine, diphenylthiocyanobismuthine, and 
phenyl thiocyanate. Xo diphenylcyanobismuthine w’as isolated. 
Other experiments confirmed these results, and the reaction is being 
further investigated. 

A similar lack of success attended our efforts to prepare the 
dicyanidc and dithiocyanate of tri-a-naphthylbismuthiiie. Lead 
thiocyanate and tri-x-naphthylbismuthine dichloride in boiling 
alcohol gave a-naphtkyl thiocyanate, and tri-x-naplithylbismuthine. 
^0 a-aaphthylthiocyanobisiuuthincs were detected, due probably 
to their iustabilitv. 
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^ The hypothetical dithiocyanate probably breaks down thus 
(CioH:}3Bi(SCX)2 = (CioH7)3i'SCN + CigH^-SCN. 
3(CioH,)2Bi*SCX = 2(CioH,)3Bi + Bi(SCN)3. 

<x-Xaphthyl ihiocyamte docs not appear to have been described * 
It was also obtained from tri-^c-naphthylbismuthino and thiooyano- 
gen, together with bismuth thiocyanate, thus . 

(CioH^jgBi -f 3(SCX)^ - 3 CioH-'SCX + Bi(SCN}3. 

With potassium cyanide in boiling alcohol, tri-a-naphthylbismu thine 
dichloride gave the bisinuthino. This may be due to the action of 
alkali, arising from the hydi'olysis of potassium cyanide, on di-x- 
naphthylcyaiiobismuthine^ (compare p. 92; and Challenger and 

Allpress, T., 1921, 119 , 914)- 

'J'riphenylbismuthiiic dichloride was prepared by MichaeUs and 
Marquardt [loc. cit.) by the action of chlorine on the bismuthiiie 
in chloroform, but no mention is made of the simultaneous produc- 
tion of a small quantity of dipheiiylchlorobismutiiinc, which may 
be isolated on crystallisation from acetone, in which it is sparingly 
soluble. This probably explains the low m. p. of the dichloride, 
when recrystailiscd from chloroform -light petroleum. The m. p, 
of the pure dichioride has, however, been shown to depend on the 
rate of heating, being somewhat higher when rapidly heated, and 
in the case of large crystals. 

Potassium cyanate and triphenylbismuthiiie dioliloride, when 
heated with alcohol, regenerated the free bismuthine, this being 
probably due to hydrolysis of the potassium cyanate. No reaction 
occurred in the cold, 

Kipping and Sands (T., 1921, 119 , 842) have shown that with 
6’-tetrachloroetliane, certain silico-hydrocarbons give dichloro- 
additive products. Its action on tertiary bismuthines has been 
investigated, triphenylbismuthiiie yielding diphenylchlorobismuth- 
ine, Xo dicliloridc was isolated, even on heating for only a few 
seconds, although this compound is probably formed in the first 
instance. Xo reaction occurred in the case of tri-a-naphthyl* 
bismuthine, even on boiling for several hours. 

ilichaebs and Manjuardt {loc. dl.) state that chloroform and 
triphenylbismuthine in a sealed lube at IdO® give a charred mass 
and hydrogen chloride, the production of triphenylmethaiie being 
assumed. At ioO— 160", contrary to the statement of these authors, 

* Gattermann and Huus.skn''cht 1890, 23, T38) state that it is ob- 
tained by Way of tlio diazo- reaction and cuprous thiocyanate, but give no 
details, NVe have prepared a-naphthyl thiocyanate by this method, but m 
very poor yield, and lind it to id identical with the product obtained from 
tri-a-naphthyibismuthine dichlondc. ‘ 
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the mixture did not char, but consisted of hydrogen chloride, 
bismuth chloride, and triphenylm ethane in very small quantity, 
this v'ould appear analogous to the action of chloroform on mag- 
nesium diphenyl (Waga,^l?z?ia?e/?., 1894, 282, 320). On attempting 
to increase the amount of triphenylme thane by heating at 130—140° 
for ten hours, none was detected, but an odour of ethyl benzoate 
wiis observed, and diphenylchloro hi smu thine produced. The 
i-eaction probably proceeds in stages, the hrst being — 

FhgBi -f CHCI3 -= PhaBiCl -h PhCHCla. 

Tim production of ethyl benzoate was probably due to the action 
of air and impurities in the chloroform on benzal chloride. 

Magnesium benzyl chloride (6 mols.) and diphenylbromobis- 
muthinc yielded triphenylbismuthine and inorganic compounds 
of bismuth. Neither diphenylbenzylbismuthino nor tribcnzylbis- 
iiiutliine was isolated, and this is in agreement with the failure to 
obtain arylalkylbismuthines, such as diphenylethylbismuthine and 
(li|]hcnyh>c?butylbismuthine (Challenger, T., 1914, 105, 2216; 
1910, 109, 250). 

The absence of tribcnzylbismuthinc is not surprising, since it i.s 
readily oxidised to benzaldehyde in the presence of air and moisture 
((diallenger and Kidgway, this vol., p. 112). 

Diphenyl- x-naplithylbismuthine forms a crystalline dibroraide, 
decomposing at 100° (T,, 1914, 105, 2217). As would be expected, 
the (liehloride is a much more stable compound and is unchanged 
at 100°. It is almost insoluble in acetone, and can therefore readily 
be separated from triphenylbismuthine dichloride. The separation 
of triphenylbismuthine and diphenyl -c<-naphthylbismuthine (T., 
1921, 119, 921) by crystallisation from chloroform-alcohol is ex- 
tremely tedious, and much better results are obtained by treating 
the mixture with chlorine and separating the two dichlorides, from 
tvhieh the bismuthines may be regemu’atcd by treatment with 
ammonium sulphide (Michaelis and Alarquardt, loc. cit.). This is 
of interest, since it shows tliat, at the moment of liberation from 
its dichloride, diphenyl- x-naphtiiylbismuthiuc has no tejideiicy to 
break down to triphenylbismuthine and tri-:i-naphthylbisinutliine. 

Although bi.smuth trichloride fomns crystalline and moderately 
'table compounds witii diazonium chlorides, they do not appear 
to be strictly analogous to the antimony compounds described by 
ilay (T., 1912, 103, 1037), analyses not agi*eeing very closely with 
JUiy simple formuhe. The product obtained from bismuth tri- 
chloride and benzenodiazoiiium chlorido appears to be represented 
by the formula BiCl3,2FhN2Cl with between 1 and 3 mols. of water 
tif crystallisation. The compounds obtained from p-toluene-, and 
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a- ‘and p*naphthalene-diazonium chlorides are rather more stable at 
100° than the phenyl derivative. The behaviour of these compoun^. 
towards alkalis is under investigation. 


E X P E R I M E \ T A L . 

Tripheuylhii mu thine l)i jl u orkk . 

Triphenylbi.sinu thine dichloride (10 grams) and potassiuiu 
huoridc (3-4 grams) were boiled with 150 c.c. of alcohol and a trace 
of water. After one and a half hours, the solvent was removed and 
the residue extracted with hot water. The product thus obtained 
contained unchanged dichloride. The treatment vith potassium 
fluoride (3 grams) and alcohol was therefore repeated, yieldinrr a 
solid, which gave no precipitate with alcoholic silver nitrate and 
on crystalhsation from chloroform-light petroleum and from 
acetone, melted at lo8-5~l59° (Found : Bi — 43-20, 43T] • 
F = 7-77, 7-84. reciuires Bi = 43-52 ; F — 7-95 per- 

cent. C^gT-IjgOFBi requires Bi ^ 43-87 ; F 4-01 per cent.). 

Estimation of Fluorine in (he Di/lKoridc.— The substance wa.< 
heated for half an hour with excess of calcium oxide and water, 
containing a Httle alcohol. (The addition of a small quantity of 
sodium or calcium carbonate facilitates the subsequent filtration.) 
The precipitate was washed with alcohol to remove triphenyl. 
bismutliine, and ignited. The residue was covered with dilute 
acetic acid, evaporated to dryness, washed with dilute acetic acid, 
and the calcium fluoride weighed. 

it nphenyUnsmv.fkuie dijiuoride is readily soluble in acetone, 
chloroform, and ether, les.s so in light petroleum. 

Ihe crystals obtained iroin acetone solution belong to the 
monoclinie sy.stem (class— holohcdral, type — digonal equatorial). 
Measurements of three crystals give the axial ratios a :h ■.€--= 
2-0201 : 1 : M163 and the axial angle [s — 85° 42'.t 

When boiled vith barium or calcium oxide in aqueous suspension, 
the difluoride gi^'es tripheiiylbismuthine. Wnth sulphui'ic acid^ 
hydrogen fluoride is liberated. 

On boiling the difluoride with .50 per cent, aqueous alcohef for 
fourteen hours, it was recovered unchanged . A trace of an insoluble 
powder (0-02 gram), containing bismuth and fluorine, was aUo 
obtained, 

* When the dichloride v,>is evaporated to dryness three tiroes with aqueous 
hydrofluoric acid, almaat the. whole was recovered unchanged. 

, t e are much indebu d to Sir Henry A. F.K.S., for his kind mteresi 
in these prehrainary metiaurcmr-ats. < 
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Adion of Magnmum Phenyl Bromide on Triphe.nylbimuthine 
Difluoride. 

An ethereal solution containing 3-7 grams (2-6 mols.) of the 
Grignard reagent was added to 3-7 grams of the difluoride. A 
vigorous reaction ensued and a brilliant violet colour,* which 
slouly changed to yellow, was produced. The mixture was heated 
for one and a half hours and the clear solution decanted. The 
residue, after magnesium salts had been removed with ammonium 
chloride, contained bismuth and halogen. 

Tlie ellier washings and solution were rapidly distilled, and the 
distillate again evaporated, \\hen one drop of a colourless liquid 
remained. Judging from the colour produced on treatment with 
nitric acid, d M85, this was probably lluorobcnzcne. 

The residue, from the ih'st distillation, on crystallisation from light 
petroleum and from alcohol, gave 0-9 gram of triphenylbismuthine. 


DislillaUou of IriphenylhismuOiine Difluoridc. 

Twenty grams of tlm difluoride were distilled in two portions 
l.-nm a small flask, immersed in an oil-bath. The fused mass became 
turbid at about 200^ and at 226^ a white solid was dcpo.sited. At 
the decomposition became faster and a colour]e.ss liquid dis- 
tilled, whilst at 2G0" the contents of the flask became black, and 
rapid distillation of diphenyl was observed. The distillate was 
separated into three main portions— 

(tt) B. p. 8-1— 88‘'. 2-6 Grams of fluorobenzene. 

{b) B. p. 88—110®. A few drops of fluorobenzene. 

(c) B. p. 235— 245®. A few drops of diphenyl, m. p. 70°. 
the fluorobenzene fraction was redistilled, b. p. 81-85^ (imcorr.l 
Ihe residue in the flask ^^■a3 repeatedly extracted with hot acetone’ 
leading a dark mass, containing bismuth and fluorine The 
acetone gave an oily solid, from winch equal quantities (l’ gram) 
01 tuphenylbismuthine and diphenyl were isolated, 

.Ifiwn of Potassium. Hydrogen Fluoride on Triphenylbisnuithine 
Bichloride. 

hydrogen fluoncio 

uere boiled with aqueoms alcohol for three and a half 

'M.i»™tary',frnducl l “ possibility of the 

wloured ir I 7° ™'"P°“nds of fho type R,hi, analogous to the 

•muonium delriboT b7 fn b'^naylletramethyl. 

“0‘ Eluded ^ 50, 274), is 

CXXI. 
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hoLira, ami iiitered. The residue, on washing with water, gave 
0'7o gram of inorganic matter, containing bismuth and fluorine. 
The alcohol was strongly acid, and deposited a solid which, on 
extraction with cold lighl petroleum, gave 2T grams of unchanged 
dichloride and i'5 grains of t id phenylbismu thine. 


Action oj Poiamum Cijanidt on Tripheniilbisinulhine Dichhrujr. 

Tlie (li(“hlori(]e (r)-]. grams) and dd) grams of potassium cyanj(l,- 
were heahai with arpreoiis ah’ohol, Some hydrocyanic acid 
evolved and, after an hour, the alcoliol was evaporated, and warm 
water added to remove potassium salts. Xo benzoic acid or benzy- 
nitrile was delected in the washings, oi' in the recovered alcohol. 
The residue was crystallised fiami alcohol and then from hot chlum- 
form, giving diplienyleyanobi.snrutliinc, ni. p. dOS"'', becoming black 
at diO'^ {hound : CX ~ G‘o5.| t'^oU^yX Bi requires CX — 5-7(.) 
per cent.). 


Action oj Potass lion Cijanatc on Trijihcnijlbishtiithinc Dichloridt. 

.4, The dicliioride (o-l grams) and 3-d gram,s of potassium eyaiiat? 
were boiled with alcohol tor one hour, Iiitered, and extracted with 
hot water, when one gram of a solid remained, containing hisrautli 
hut no organic matter. The alcohol gave d-7 grams of tripheml- 
hismuthine. 

B. When d graijis of the dicliioride and 0-7 gram of potassiu'ij 
cyanate wore shaken for eight ami a half liours -with 70 e.c. of drv 
benzene, no reaction occurred. 


IJ iphen tjlih ioc ija nohis)nufhint. 

Triphenylbisinutliine dicliioride (o-l grams) and h ad thiocyamiie 
(() grams) vrcie boiled i\ ith dOU c.e. of alcolud, TIk' mixture liecaiiie 
bright yellow, and, after half an liour, the solution was decanted 
and the solid heated for a further lialf-hour with more alcoliol, 
The alcoiiolic extract, ^ had an udnur of phenyl thiocyanate. On 
eoiicentration. a yello'.' . a!m)V}>li'm.' pcnwlcr was obtained reseiidilinf^ 
the yellow polymeri; efl Ihiocyanogcn , (SCX)j;, described by Sodcr- 
back (/or. cit.). 'Ihc Iiitered .solution deposited a solid winch, cii 
crystallisation from alcohol and acetone, melted at ldd- -ld2-V 
(uncorr.) and was quite odoniic.>s (Found : S ^ 7-90, 7-lU; Bi ' 

* in another expciimpnt, Oiphenylbiimuthirie was aloo oblauiocl, piot- 
ably owing to decouiposhion of some of the cyano- derivative. 

j By treatment with oicess of staitdard silver nitrate solution. 
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4y’98; 13-67.* CisH^NSBi requires S^7-62; Bi = 

49-14; SCN= 13-81 per cent.). The evaporated mother-liquors 
were distilled in steam. Ihe oily distillate smelled strongly of 
phenyl thiocyanate, and, with alcoholic pDta.ssium liydrosulphide, 
gave phenyl mercaptan, w-hich was converted to the mercaptides 
of mercury, lead, and copper. Potassium thiocyanate was recog- 
nised in the alkaline solution by the addition of zinc sulphate and 
ferric chloride. 

iriplienyliMoqianobismuthine forms pale yellovr crystals, moder- 
ately soluble ill alcohol and most organic solvents, except light 
petroleum. It is quite stable when dry, liut gradually decomposes 
ill solution, particularly on warming, yielding triplienylbismuthinc 
and a yellow solid, po.ssibly (SOX),. Tlie yield is therefore low. 

The cry.stals obtained from alcohol belong to the monoclinic 
system (class— holohedral, type— digonal etjuatorial). :\leasurc- 
ments of three crystals gave the axial ratios a\b:c 2-4969 : 1 : 
TOoOO, and the axial angle [i ~ 7,yo4'. 


Action oj Potassium Cijanide on T fi-y.-uaphthijlbiHifiui}unc 
Dicklorldc, 

The dichloride t (M gram), potassium cyanide (1 gram), and 
alcohol were boiled for tw'o houns, the alcohol evaporated, and the 
potassium salts removed with water. 

_ The insoluble residue had an odour of naphthalene and, on extrac- 
tion Avith chloroform, gave a pale yellow, crystalline solid, m. p. 232". 
M'hich did not depress the m. p. of tri-y.-na]dithylbismuthiiie. 
toother organic compounds Avere isolated. 


Action of Potassium Thiocyanate on Tr 
DicMoride. 


■•naphthyJblsniiithine 


Ihe dichlonde (1 gram) and potassium thioevanate (0-4 c^ram) 
>uspciKled lu benzene, Avere shaken for eleven hours. The dichloride 
.'loAvly dissolA-ed, the insoluble matter becoming vellow. The <o]id 
was hitered, Avashed with water and dried, giving u-45 gram of bis- 
muth salts. Ihe yellow filtrate gave bismuth oxychloride, and 
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Action of Silver Nitrate, on DiphenylbromobismutUne. 

A. Diphenylbromobismuthine (2’2 grams) was shaken with a 
cold alcoholic solution of silver nitrate (l-o grams). The whita 
precipitate gradually darkened. After filtering from the resiclup 
(probably containing metallic silver) the solution deposited triphenyl- 
bismuthine, in. p. 77—78", on crystallisation from alcohol 

B. Diphenyl bromobismuthine (2*2 grams) was added to a boilina 
alcoholic solution of silver nitrate (0*8 gram). iUter boiling for an 
hour, the white precipitate was filtered, and consisted of 0*7 gram 
of silver bromide and 0*7 gram of bismuth subnitrate. 

Tlie evaporated mother- liquor, on successive extractions with hot 
light petroleum and hut water, yielded 0-3 gram of triphenylbis- 
muthiiie, m. p. 781 <^i^d unchanged silver nitrate,* The residue 
was bismuth oxybromide (04 gram). 


Diphenyl r -nap hihylb is m ufh in e, D ichlor ide. 

The bismuthine {2-3 grams), in dry alcohol-free cliloroforiu, 
treated with O’ 33 gram of chlorine in (i c.c. of the same solvent, the 
solution remaining clear. Dry light petroleum was then added until 
the liquid was turbid, when pale yellow crystals were deposited, 
m. 'p. Ul— U2" (Found; Cl - 12-70, '^12-GO; Bi - 30-71.' 
Cg^H^^ClBi requires Cl ^ 12-04; Bi — 37-07 per cent.). 

Diphenyl' a-naphthylbismuthine dichloride is soluble in chloro- 
form, but insoluble in acetone. Moist silver oxide in acetone sus- 
pension removes the ehlorine atoms, regenerating the bismuthine. 


Interaction oj Beirjncdiazonium Chloride and Bismuth 
TricJdoridp. 

Bismuth trichloride (lo grams) was dissolved in the minimuffl 
quantity of hydrochloric acid, and water added until a slight tur- 
bidity was produced. A solution of benzenodiazonium chloride, 
prepared from o grams of aniline, 30 c.c, of hydrochloric acid, and 
75 c.c. of water, was then added and, after a few moments, an orange- 
yellow, crystalline ].irecipiiate was deposited. (No precipitate 
was obtained on addition of the diazonium solution to bismuth 
chloride in concentrated hydrochloric acid.) This was filtcTcd. 
washed quickly with a little of the diazonium solution, and then 
with a Vv.-ry small quantity of 25 per cent, hydrochloric acid, 
dried on tile for fifteen to twenty minutes, and washed with 

* tViien 1*0 grams of silver nitrate were used, gome diptienyl was 
produced, 
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dry FlhcT {Found : by Carius's method, C] - 28-50, 28-34, 28-34 ; 
i)y precipitation, Cl ^ 27-26, 27-07; Bi* = 31-50, 31-43. 

BiCi 3 . 2 PhN 2 CU|HoO requires Cl = 28-47: Bi = 33-39 per cent. 
BiCJgiPliXs^UiHsO requires Cl = 26-90; Bi - 31-56 per cent,). 

This orange-yellow compound is insoluble, in organic solvents and 
ill the cliazoniura solution, but is easily soluble in water or hydro- 
rliloric acid, and readily reacts with aqueous silver nitrate solution. 
It sliows no tnelting point, but decomposes vigorously at lOO'C 
-•i\ ing a. powerful odour of plieufil, which would indicate the presence 
;if water of cTysialiisation. 

The substance gradualb^ decomjjoses on standing, especiallv in 
|}i(' |wesence of light, but not completely after ten day.s. 


fiihmclion of i^-7'oluerudmzoni urn ChJoriih and Bhanifh 
Trichhridf. 

^ solution of 15 grams of bismuth ti-i(;hloride in dilute liydro- 
chloric acid was treated v itli a solution of toluenediazonium chloride, 
prepared from 5-3 grams of p-toiuidine, 15 o.c. of li vdi'ochloric acid, 
aiifl 50 c.c. of ^cater. The white, crystalline preeijutate was filtered 
and waslied as in the last experiment (Found : by Cariuss method, 
<’l 26-10, 20-08 ; hy precipitation, Cl — 24-72, 24'92 : Bi — 22-8S, 

l'F5(). Bi0l3,3C-FLX2C1.2H2O requires Cl — 20-13; Bi — 25-50 
per cent. BiCl3,3C-H.X2l^'l:^ld20 requirc.s Cl - 23 ■02 : Bi . 22-53 
per cent.), 


Proditcfion of a Bhio CoJouring MafUr bg tlio Action of Air 
and Ammonia on Mngnr-^^iinn Phong] Bromido. 

Til preparing trijiheiivlbismuthine from liismuth chloride and 
rnagiicsium phenyl bromide, the authors have occasionally treated 
iiie ^olid residue, after removal of the ether, with dilute ammonia, 
'.vith a view to the conversion of diphenylchloro(or -broiijo-)-bis- 
muthine (Challenger and Allpress, he. cit.)\o triplienylbismuthine. 
On landing for some days and tlien distilling in steam to remove 
‘liphcii)], i the distillate occasionally b.ad a blue colour, the intensity 
<’ iiliich depended on the time the reaction mixture was allowed 
to stand. The colouring matter wa.s removed hy o.rgajiic solvents. 
..ning a red solution, vhich on evaporation had a slight odour of 
i-oonzoquinone. Porter and Steele (J. .4wer. Chem. T^oc., 1920, 42, 

sulphide by precipitation in dilute liydrochloric acid 

is more quickly obtained in- a pure condition if the 
Ei.tioa with steam is omitted. 
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2650) have shown that ;p-benzoquinone and phenol are among the 
oxidation products of magnesium plieind bromide, phenol being 
almost invariably present in any solution of this reagent.* It 
was then found that similar colorations could be produced by rvarm. 
ing a mixture of p-benzoquinone, phenol, and aqueous ammonia. 

The authors are again indebted to Messrs. T. Tyrer and Co., 
Stratford, E., for their assistance, and to tlie Research Fund oi 
the Chemical’ Society for a grant, vihicli has j.artly defrayed the 
expenses of this investigaiioii. 

The “ Lbvixstein ” Research Laboratory, 

The Umversity, Manchester, [J^cedved, Vith, 1921.] 


XVIL— of Bismuth, Pari VL The 
Preparation and Properties of Tertiary Aromatic 
Bismuthines and their Interaction with Organic and 
buyiinmic Halogen Compounds, 

By Frederick Challenger and Leslie Randal Ridgway. 

In order to determine A^•het]]er any abnormality of reaction was 
associated wllh the Inilogcu-substitnted bismuthines, iri-p-cMaro^ 
2 )hemjlbismvthiiu nnd iri-iy-bromophen^lbismidkine have been pre- 
pared from bismulh ciiloride and the magnesium derivatives of 
;p-chlorobroniobcnzene and p-dibromobenzene respectively. 

The halogen atoms of tri-p-clilorophcnylbismuthine do not react 
with magnesium phenyl bromide or with ammonia at 160 , and 
both bismutliine.s behave nornially with cliloi'ine and bromine, 
giving dichlorides and dibromuks. 

As WHS to be expected, tri-p-cliioroidienylbismuthine does not 
give a di-ioclide, di-inchlorophfaiylhdobismuihuie, j^-chloroiodo- 
benzene, and a red powder containing organic matter and tervalent 
bismuth being produced fcompaio Challenger and Allprcss, J-- 
1915, 107, 21, 28; Miehaolis, Aitfiulsn, 1902, 321, 161). 

The m. p.’s of the dibromides and to a smaller extent the m. p- 
of tri-p-bromophenylbismuthinc dicliloride vary with the rate oi 

* When diphenyRa-naplithylbisrautbme is prepared, and the naphthalene 
removed by steam distillation, the last portions of the distillate have a strong 
odour pf a-naphthol. * 
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heating. It is interesting to note that almost all bismut hine 
dibromides melt at about 100—115°. 

With moist silver oxide, tri chloro phenyl bismuthine dichloride 
andtri'^^'bromophenylbismuthine dibromide yield the corresponding 
bismuth ines. This is also the case Tivdth triphenyl bism nth ine di- 
bromidc and hydroxychloride, and with tri-p-tolylbismuthine 
dibromide (Challenger and Goddard, unpublished observation). 

j)i.'^~cMoroj)henylbromobismiitMm was prepared from the corre- 
sponding bismuthine and bismuth bromide. With alcoholic 
ammonia, the bisrauthiim and bismuth hydroxide are produced, a 
reaction which is given by all compounds of the types BiRX2 and 
BiUgX in presence of bases. 

In boiling benzene, di- 2 ?-chlorophenylbromobismiithine yields 
the unstable j)-chlorophenyldibromohismuthine, which is also pro- 
duced in .small quantity from the bismuthine and bismuth bromide, 
(Ims 

(C6H4Cl),,Bi -f BiBr^ (C^H4Gi)2BiBr + 

^(CeHiCiloBiBr - CeH^Cl'BiBrs + BiiCeH^Cl)^. 

Instances of this type of reaction are nuniriows (Challenger and 
Allpress, T., 1D21, 119, 917 ; Challenger, T,, 1916, 109, 250; Grutt- 
ner and Wiernik, Ber., 1915, 48, 1749). 

Bismuth chloride and magnesium benzyl chloride in presence of 
air give bismuth oxychloride and benzaldchydo. A similar reaction 
is frequently observed with analogous benzyl derivatives; thus 
tribenzylarsine, when recrystallised from ether, gives benzaldehyde 
and finally benzoic and arsenic acids (Michaeli.s and Paetow, An- 
wiUfi, 1886, 233, 62), whilst from benzyldichloroar.sine and water, 
benzylarsiae oxide, ai'seniou.s acid, and benzaldehyde are obtained 
[ibid., p. 91), Tribenzylamine yields toluene and benzaldehyde on 
distillation or oxidation with bromine water (Limpricfit, Annalen, 
1867, 144, 307). Benzaldehyde is also formed when tribenzylamine 
dibromidc is decomposed with steam (AVallach, Anmlen^ 1890, 
259, 300. Compare also Smith and Kipping, T., 1912, 101, 2560). 

An attempt to prepare tri-p-aminophcnylbismuthine by the 
action of boiling aniline on bismuth chloride was not successful, 
aniline iiydi’ochloride and diphcnylaininc being produced (compare 
\anino and Hauser, Ber., 1900, 33, 2271 ; 1901, 34, 416). 
ft has not yet been possible to prepare additive compounds of 
ertiary bismuthincs with alkyl fialoids, although the corresponding 
rsine and stibine derivatives are well defined. 

The action of benzyl efiloride on trjphen 3 dbismuthme vas first 
nvestigated by Miciiaelis and Alarquardt {Anrmkn, 1889, 251, 
*23), who isolated no definite product. The authors find that at 

E* 
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room ton.i.,-raturc tlio mixture reacts vigorously on standing, 
hydrogen chloride and diphenylmethane being produced. Ttn,. 
naphfhvlbismutliine also reacts violently with benzyl chloride, 
yiilding hydrogen chloride, bismuth chloride, a trace of sti beme, 
and fluorescent products of high b. p., which have riot been identrfie . 

(t was of interest to determine whether additive^ compounds 
were produced from tertiary bismuthines and acid chlorides hut 
in all instances examined the production of compounds of the types 
BiR,X ami BiKX,, and a ketone was observed. 



Acid ch to ride. 

Products. 

Triplicuylbisinuthiiie. 

Acclyl chloride. 

A( ctophenonc and diplicuyl- 
i-hloroblsmuthine. 


Benzoyl 

Ik'iizophenone and diphcnyl- 


chlorobisTTnitbine. _ 

Tri-p-loiylbkuuitliiiio. 

Acetyl 

p-Tolyldicliloi’obismuthiiie 
(Challenger and Allpi-c-ss, T,. 



1921, 119, 917}. Ketone not 



isolated in sutlicient quantity. 

Trijihctiylstibiiio. 

Benzoyl ,, 

Ko action. 


These results are in close agreement with those of Waga (Amuiieii. 
1894, 282, 323}, who treated diphenyl with acid chlorides. 

Triphenylbismuthino and alcoholii? mercuric chloride give mercury 
phenyl chloride (Gillnieister, Bcr.. 1897, 30, 2844). It seemed 
probable that the bismuth oxychloride also isolated aiuso iroiii 
diphenylcldorobismuthinc' produc(.al and decomposed thus : 

HgCb -- BiPhXd i HgPhCl; 

BiPh^(.'l-|-ir.6- BiOCl r 2lVH(j. 


This lias now been proved to be the case, dipiw'nylchlurolusmulluiir 
and morcuiT phciivl chloride lieing prodceed in dry ethereal solm 
lion. It was tiot‘ possible to decide witli certainty whether lui 
additive product, PhoBi;HgCL, ^vas pjiinarily hirmed. 

Triphcnylstibine and alcoholic mercuric chloride givi^ no additive 
product, blit form mercury iilu'nyl cliloridc, antimony Iriciilonae. 
mercurous chloride, and tiipticiiylstilunc dichloride. Ihc tanr 
tritoiylstibincs form additi\e products, of which the f7-dcrnati\c 
is stable, whilst with alcohol tlic m- and p-isomerides give th-' 
corresponding meiaiiiric lolyl chloi'ides {.Micliaelis and Gcn/.keir 
Afuwlcii, 1887, 242, 104 rf 

This phcnylating action of triijheiiylbismuthinc seems 
exemplified by 'its beha\'iour ^vitii silver nitrate fChallciiger aiu. 
Allpress, T., 1921, 119, 910), These results led to^ a study of llu‘ 
reactions I'Ctween trij.'ilicnylbismuthinc andliic clilorides of ten a cii 
arsenic, antimony, and phosphorus, and this has shown that douilr 
decomposition occurs to a certain extent in alt cases, tiio ph<'i^J 
radicle passing from bismut.h to ai;senic, antimony, and phosphorus, 
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the halogen travelling in the opposite direction. These results and 
some others having a bearing on the question may conveniently 
he summarised. 


Infcradion of Orgam -metallic Compounds with Inorganic Halogen 
Derivatives* 


[ 

PhsHi 

PCI, 

Pli^BiCl; PhPCla Pli^PCJ. 


Ascq 

PlqBiCl; PhAsClg; Ph,AsCI. 



SbClj 

Ph^BiCl ; PhjSbCl,. 

4 


BiOl, 

PlqBiCl. 



HgC’h 

TlCh 

PhjBiCl ; JlgPhCl. 

i; 


Ph^BiCl; PhoTlCl.t 



CuClj 

PhjBiCl; Cu^Cl.v XoPhaBiCK, 

S 


AgXOa 

Probably AgNO„2AgPli. 

11 

(t'loHd 

,Bi AsClj 

(Ci.Hd^AsCl; BiOC'l and (from 

Ci.H.-BiCI,?). 

lu 

a 

JSbPli, 

liiClj 

SbPh,Cl; Bi“Cl, ( ?). 


TlCb 

SbPhgCq; TlCl.t 

\'2 


CuCl^ 

SbPh^Ch ; CugClj (.MichacUs and Reese, 
Annalcn, 1880, 233, 49). 

in 

AsFlq 

BiCI, 

Probably forms additive product. Xo 
PiijBiCI isolated. Odour of phenyl 
halogen arsines. Xone isolated. 

[4 

^1% 

BiBr., 

Creen solid, W'atcr regenerates NPhj 
and forms BiOCl. No other action. 

\:> 

HgPli. 

RiBi’3 

HgPliBr; RiPh 3 . 

Hi 

SbCl;, 

HgPhCl; SbPh.,Ci,; SbPhsClj (Hasen- 
biiumer, Bcr., 1898, 31, 2911). 


Tlif.se reii' 

ctious were usually 

carried out at room temperature in ethereal 


solution, but oorusioiially other solvents were employed, 
t Private communication from Mr. A. E. Cloddard. 


The teiirloney of antimony to ])ass into the (piinque valent con- 
dition (compare Miehaelis and Keesc, Annakn, 1886, 233, 45) is 
illustrated by reactions 3, 10, 11, 12, and 16. It Is possible that 
reaction 10 is analogous to 12, giving bismuth dicliloride, BioCl^ 
(Schneider, Pof/f/. Ann., 1855, 96 , 130; Weber, ibid., 18o!), 107 , 596). 
Tlie contrast between reactions 2 and 3 is very striking. Reaction 
14 is probably analogous to the production of dark green or 
blue compounds from teriiary arotualic amines and the penta- 
chlorides of phospliorus and antimony (Wieland, Ber., 1907, 40 , 
4279). 

Whilst the transfer of a phen}'! group from nitrogen to bismuth 
seems impossible, only slightly better results were obtained with bis- 
muth chloride and triplienylarsine, from which it would appear that 
the course of reactions of this type is not solely determined by con- 
siderations of solubility. This conclusion is strengthened by the 
lact that whilst the phenyl group can be ea.sily transferred from 
mercury to phosphorus, arsenic, antimoiiy, or bismuth, triphenyl- 
phosphinc and triphenylarsine 'have little or no tendency to 

-*2 
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convert mercuric chloride to mercury phenyl chloride, although 
the analogous stibine and bismuthine readily do so. 

In the reactions here described the migration of phenyl groups 
from one element to another occurs in the presence of a halogen 
atom. Schlenk and Holtz (5er., 1917, 50, 262) describe the pro- 
duction of the sparingly soluble lithium methyl by interaction of 
litliium ethyl and mercury dimethyl in benzeue-light petroleum 
at the ordinary temperature. Inthiuin phenyl was similarly 
prepared by the use of mercury diphenyl in benzene solution. 

So far as the authors are aware, no other reactions of this type 
have been recorded among organo- metallic compounds.* Accord- 
ingly, mercury diphenyl and tri-a-naidithylbismuthine were heated 
in benzene solution, but mercury di- a -naphthyl was not detected. 
At 200^ however, in the absence of a solvent, an interchange of 
groups was found to occur, mercury di-a-naphthyl, triphenyl- 
bismuthine, and diphenyl-a-naphtliylbismuthine being obtained. 

Tri-p-tolylbismuthine and mercuiy diphenyl at 180° similarly 
gave rise to mercury di-p-tolyl, but under the same conditions tri- 
/)-tolylbismuthine and mercury di-a-naphthyl were unchanged. It 
would thus appear that the a-naphthyl group has a greater affinity 
for mercury than the phenyl or p-tolyl group. This is confirmed by 
our observation that mercury di- a-naphthyl is produced by the 
action of magnesium a-naphthyl bromide on mercury phenyl 
bromide, presumably according to the equation 2 CjQH 7 *MgBr 
HgPhBr = Hg(CioH 7)2 MgPhBr d- ^IgBrg, and not by the 
decomposition of the unknown mercury a-naphthylphenyl, 
2CjoH^’HgPh = Hg(CioH -)2 -f HgPh,, since only traces of mercury 
diphenyl could be detected (compare Hilpert and Griittner, loc. cit.), 

A most interesting example of this type of reaction is afforded 
by the ready production of diphenyl- a-naj)lithylbismuthiue by the 
fusion of tri-a-naphthylbismuthine and triphenylbismuthine at 190'. 
The extension of this method to the preparation of other mixed 
bismuthines is under investigation, A preliminary experiment 
appeared to indicate that this reaction is reversible. No interaction 
was observed between tri-a-naphthvlbismuthine and tri-n-tolylarsine 
at 200°. 

E X P E R ni E N T A L, 

"i Vi-p -cMorophe nylb Isinuth im. 

An ethereal solution of magnesium jo-chlorophenyl bromide 
prepared from ^-chlorobromobenzene (50 grains), magnesium 

* Apart from the work,of rVanklaud on {he methyl end ethyl derivatives 
of zinc and mercury {Ajinalen^ HI, 57. Compare Hilpert and Grutta6r, 
Ber., 1915 , 48 , 906 ) 
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{6‘3 grams), and iodine (0-5 gram) was treated witli 24'6 grams of 
bismuth chloride in dry ether. A vigorous reaction took place, a 
yellow solid being deposited. The ether was removed, the mixture 
heated at 100 for four hours, treated with water, halogenobenzenes 
and any diphenyl derivatives were removed in steam, and the filtered 
residue was extracted ^vith acetone. The solution deposited a colour- 
less solid, which, on crystallisation from a mixture of ethyl acetate 
and acetone, melted at 1 16° (Found : Bi 38 21, 38T9 ; Cl 19 - 79 ^ 
10-78. CigHigClgBi requires Bi = 38“34; Cl 19-61 per cent.). 

Tri-p-chlorophcnylbismuthine is easily soluble in most organic 
solvents, but sparingly so in alcohol or light petroleum. With 
hydrochloric acid, chlorobenzene is produced. 

When heated for several hours with 1 mol. of magnesium phenyl 
bromide, the ether distilled, and the residue, after three hours at 
100°, decomposed with w^ater, only unchanged bismuthine, diphenyl 
and bismuth oxybromide (O'l gram) were isolated. 

When the bismutliine (2 grams) was heated with concentrated 
alcoholic aqueous ammonia for th e hours at 100° or at 160° in a 
sealed tube for four hours, T9 grams -were recovered unchanged 
and no ammonium chloride was formed. 

Tri-j9-chlorophenylbismuthine dichloride was prepared from the 
bismuthine and chlorine in chloroform-light petroleum solution, 
and on crystallisation from the same solvents formed a colourless 
solid, m. p. 141°, readily soluble in chloroform or benzene, but 
sparingly so in light petroleum. The yield was almost quantitative 
{Found: Bi — 33‘39; Cl ~ 28’68. C^gH^gCl^Bi requires Bi = 
33-91 ; Cl = 28-90 per cent.). After one hour at 100° the dichloride 
did not smell of chlorobenzene and melted at 138°. 

Two gram.s of the dichloride and 0'75 gram of silver oxide were 
suspended in moist acetone, after two days the mixture was filtered, 
and the re.sidue extracted vdth ethyl acetate, yielding 1-2 grams of 
tri-p-chlorophenyi bismuthine (m. p. 115°). 

'in-p-chlorophenyl bismuthine dihromide was similarly prepared 
and crystallised from chloroform-light petroleum; m. p. 105° 
(Found : Bi ~ 29*33 per cent. ; AgCl + AgBr = 0-2063 gram. 
CigHigClgBr.Bi requires Bi 29-61 per cent. ; AgCl + AgBr 
= 0'2053 gram). It forms colourless crystals, the m. p. varying 
with the rate of lieating. After a few minutes at 100°, the odour 
of a dihalogenated benzene is apparent. 


Aciion of Iodine on TrU'p-chlorophenylbismuihine. 

When 1 gram of the bismuthine was gradually treated with 0*47 
gram of iodine, both in ether'^^iloroform solution, a red precipitate 
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(O' 2 gram) was produced aud the temperature rose slightly. 
After filtration in absence of moisture and evaporation to a small 
bulk, light petroleum precipitated a yellow solid (O' 5 gram), m. p, 
113" (Pound: AgCl + Agl == 0'2159, CigHgCyBi requires 
AgCl -f Agl ~ 0‘2164 gram). 

Di-j3*chlorophenyliodobismuthine dissolves easily in chloroform 
or ether. On recrj'stallisation from chloroform-light petroleum, 
dry solvents (free from alcohol) being used, a red solid containing 
organic matter and readily soluble in most solvents was deposited 
with the yeilow crystals, wl)ieh then melted at 139°. 

When the mother- liquors and washings were evaporated, the 
solidified residue, on treatment with hot water, gave bismuth 
ox 3 dodide and an oil which, with light petroleum, yielded j9-chloro- 
iodobenzene (m. p. o6‘'). This was treated with chlorine in chloro- 
form solution, giving ^-ehloroiodobcnzene diohloride (m. p. 110' 
[decomp.]). 

The original red precipitate contained organic matter and turned 
black at 150°, but did not melt. With hydrochloric acid, halogeno- 
benzene was liberated. 


Dh])-cklorophn}jilbromobismuihi ne and ihChloropkenyldibromo- 
bism ufhine. 

Tri-p-clilorophenylbismuthiiie (3 grams; 2 mols.) in dry ether 
was treated with a similar solution of bismuth bromide (1’24 grams; 
1 mol.), vhon some bismuth oxybromide was precipitated and 
removed, On concentration in a vacuum, colourle.ss crystals and 
a trace of yellow solid separated. 

The colourless substance, when crystallised from ether, melted 
at 159" (Found: Br - 1,V95, I.r84;’'' Bi == 40'52, 40'6I. 
OjgKgClgBrBi requires Br l.rfU; Bi = 40‘70 per cent,). 

Di-p-chlorophenyibroinobismuthine is easily decomposed by 
water and moist solvents. When warmed with alcoholic ammonia, 
the bismuthine is regenerated. Its solution in hot dry benzene 
deposits a yellow .solid, ra, .p, 244" (Found : Br — 33‘26, SS'll 
Bi = 43 '41, 43' 30 per cent, ; AgC'l -p AgBr — 0T797 gram, 
CeH 4 ClBr 2 Bi require.^ Br =- 33 '35 : Bi 43 '39 per cent. : AgCl - 
AgBr == 0TB09 gram). 

p-Chlorophenyidibromobismuthine is only slightly soluble in hot 
benzene or hot chloroform, and almost insoluble in all other solvents. 
It decomposes on standing for a few hours. 

* Reactive bromine estimated volumetrically by means of silver nitratfl 
solution, 
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Tri-^^’hromophmylbismufhine, 

The solution of magnesium ^j-bromophenyl bromide (3 mols.) 
prepared from 60 grams of ^J-dibromobenzene, 6-1 grams of mag- 
nesium, 200 c.c. of dry ether, and 0‘d gram of iodine, which had an 
intense blue colour, was vigorously stirred and slowly treated with 
;m ethereal solution of 26-6 grams (1 mol.) of bismuth chloride. A 
i-reen solid was deposited, the ether removed, the residue heated 
at 100° for four liours, decomposed witli water, and di.stilled with 
>tcam to remove bromobenzeno and any dibromodiphenyl. The 
tiltcred residue wa.s extracted three times with acetone, which 
on concentration deposited a viscous, brown oil. After prolonged 
treatment with acetone, chloroform, and alcohol, this became solid 
and was crystallised from a mixture of acetone and ethyl acetate, 
when it formed a white, granular powder, m. p. 149° (Found : 
bi-30'67, 30*73; Br 35-23, 35-34. C' H^Br.Bi requires 
Bi — 30'77 ; Br — 35-49 per cent.). 

Tri-yebromophenylbismuthiue is very solu])le in ether, chloroform, 
acetone, or ethyl acetate, less so in light petroleum or alcohol, and 
v.ith hydrochloric acid yields Iwoniobenzene. 

An experiment performed with 4-5 molecules of the Grignard 
reagent yielded, in addition to the hisinuthinc, a small quantity of 
white solid, m. p. 220° on recrystallisation from ethyl acetate. Thj.s 
awaits investigation (compare Ledorer, Bcr,, 1916, 49, 2004). 

Tri-p-bromophcnyl bismuth ine dichlorido was prepared as usual 
(^ce j). 109) and on ci-ystaliisation from drv cliloroform-lio-ht 
petroleum melted at 155^ (Found: Bi =\>7-79 per cent.; 
.VgCl b AgBr=.-^ 0-1984 gram. (\Jl,.,C].,BtqBi requires Bi -27-85 
per cent. ; AgCl -f AgBr - 0-19S2 gram). It forms w-hite, matted 
ery.stals readily soluble hi chloroform, benzene, oi- acetone, insoluble 
111 light petroleum. The m. p. varied slightlv. the same .specimen 
melting at 151°, 153°. and 155^ when tlie ‘rate of heating was 
altered. 

Tri-/)-broiiiophenyIbismuthinc dibromide was obtained from the 
hi^muthine and bromine in ciilorofornmlight petroleum solution, 
and on crystallisation from dry lien/ene-liglit petroleum formed a 
faintly yellow solid, m. p. 107' (decomp.), When heated at lOW, 
the odour of dibromobmn^.eiie wus verv pronoiniced (Found • 
■^1- 24-80; Br.- 48-09, requires Br = 47-81 ; 

Hi == 2-1-88 per cent,). 

On shaking 2 grams of the dibromide, 0-56 gram of silver oxide, 
‘I'ld 1.) c.e. of acetone, a reaction quieldy occurred. The acetone 
liniate had a very pungent and lachrymatory odour, and was eon- 
f^'iitrated in a current of air. Adds removed the irritant, and tri- 
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p-bromophenylbismuthine was deposited together with a trace of 
unchanged dibromide (m. p. 98^). 

Interaction of Bismuth Chloride and ytagnesium. Benzyl Chloride. 

On addition of 11-2 grams of bismuth chloride (1 mol ) in dry 
ether to an ethereal solution of 3 inols, of magnesium benzyl chlorid,- 
(2-8 grams of magnesium; 15-0 grams of benzyl chloride), a yellow 
precipitate was deposited. Water eras added and the ether separated 
and distilled, yielding onlv dibcnzyl. The precipitate, on extraction 
with alcohol, gave a yellow solution, which decomposed m air. 
bismuth oxycliloride and henzaldehyde being produced. The 
latter was removed in steam, and converted into its semicarbazoiie, 
which melted at 212“ and did not depress the m, p. of pure bcnzalde. 

hydesemicarbazone, _ ... 

The residue from the steam distillation, on extraction uitli 
alcohol, yielded an oil which contained no bismuth and did not 
decolorise a solution of bromine in chloroform. 

Action of Aniline on Bismuth Chloride. 

Ten grams (1 mol.) of bismuth chloride and 18 grams (6 mols.i 
of aniline were, heated for thirty-five hours at 190“, forming » 
viscous mass. Hot water removed 6 grams of aniline as hydrochlor- 
ide, and a blue solid remained which dissolved readily in alcohol, 
leahne bismuth oxvchloi'ide. From the alcoliol, by evaporation 
and extraction with light petroleum, a small quantity of diphenyl- 
amine (m. p. 52”) was isolated, together with unchanged anilmr. 
The residue contained all the colouring matter, molted above 20fr, 
and wa.s free from bismuth. On treatment with solvents, nothuig 
further was isolated. 


Action of Acetyl Chloride on J'riphenylbismvtJune. 

When the bismuthinc (8’5 grams) was treated with 1-52 grains of 
acetyl chloride in earhoii tetrachloride, a vigorous reaction took 
place, but no hydro;.:eii cldoride was liberated. The solution 
boiled for four hours, when it became yellow and deposited a brown 
precipitate. The liciuid, still containing acetyl chloride, was de- 
canted and the precipitate (m, p. ITo' ) wa.shed with light pctroleuiu 
and extracted with di;v benzene, which removed some inorgame 
matter. The filtrate, on addition of light petroleum, deposited 
diphenylchlorohismuthine. ^ 

The mother-liquor ’and washipgs yielded a yellow' oil whic 
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solidified at 0®. This was treated with hot, dilute hydrochloric 
acid to remove bismuth compounds, washed with w'ater, and poured 
jnto a hot aqueous solution of semicar bazide hydrochloride and 
sodium acetate, when acetoplienonesemicarbazone (m. p. 195°) 
^vas deposited on cooling; the pure product melted at 198°. 

Action of Benzoyl Chloride on Triphenylhisnmthine. 

The bLsmuthine (5*5 grams ; 1 mol), benzoyl chloride (1-77 grams ; 
1 mol.), and carbon tetrachloride (15 c.c.) were heated for six hours, 
until the odour of benzoyl clilondc disappeared. Extraction with 
chloroform and light petroleum gave a grey solid, which was recrys- 
tiillised from dry benzene-light petroleum, colourless crystals 
(m. p. 183°) being obtained. These did not depress the m. p. of 
diphenylchlorobismuthine and ^^■ith ammonia formed triphenyl- 
bisinuthino (see p. 105). 

The chloroform-petroleum extracts yielded an oil which on 
trealment with dilute hydrochloric acid gave a viscous solid. ThiS) 
when dried and washed with light petroleum, formed pale yellow 
crystals (m. p. 47°) resembling benzophenone in odour. With 
hydroxylamiae hydrochloride these yielded crystals, m, p. 140°, not 
depressing the m. p. of benzophciioucoxime. 

Action of Acetyl Chloride on TrCp-tolylbismuthine. 

Xo reaction took place in the cold when the hisrnuthine (2 grams ; 
1 mol.) and acetyl chloride (0-5 gram; 2 mols.) w-ere mixed in 
carbon tetrachloride .solution. After four hours on the w^ater-bath, 
die cold solution deposited a white solid (14 grams: m. p. 179°) 
and a small quantity of a yedlow substance (m. p. 200"). The 
deposit was recry.stallised from cold dry chloroform-light petroleum, 
pvingdi-p-tolylchlorobismuthine (m. p. 180°) (Found : B'l ^ 48-75; 
Cl ^ 8-30. requires Bi ^ 48-88 ; Cl ^ 8-33 per cent.). 

^ The mother-liquors and washings weve united and heated for 
live hours, y-ellow crystals (m. p. 200 ), wliicli were almost certainly 
p-lolyldichlorobismuthine (ni. p. 2UG''), being deposited. 

The supernatant liquid was decanted and cli.stilled in steam, 
ghing traces of a colourless oil which had a strong, aromatic odour, 
hut did not react with semicarbazide hydrochloride. 


Benzoyl Chloride and TriphenyUtihine. 

The stibine (3 grams) and benzoyl chloride (1-2 grams) were 
oiled with carbon tetrachloride for four hours. No reaction 
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occurred even after removing the solvent and heating for four hours 
at 100“ Much benzoyl chloride remained unchanged, and on 
treatment with chlorine 2-0 grams of stibine were recovered as 
dichloridc (3 grams). 


Phosphorn.<^ Trichloride avd Triphcnyllnsmufhine. 

The bismuthine {“> grams) was treated with phosphorus trichloride 
(1-6 grams), both in dry ether, colourless crystals being immediately 
deposited, which, on crystallisation, melted at 183“ and did not 
depress the m. p. of dijihenylchlorobisinuthinc. 

The ether yielded a yellow, viscid oil (.4) containing halogen 
but no bismuth. A portion solidified on treatment with chloriw- 
in a freezing mixture ; the product, m. p. 64“, fumed in air, rapidly 
changing to a viscous lic[uid and was in all probability crude 
phosphenvl tetrachloride (m. p. 73“). The oil {A) similarly gave 
an unstable solid when treated with bromine at 0“. The presence 
of phenyldichlorophosphinc {phospheiiyl chloride) was further shown 
by conversion of {A) into phenylpliospbinous acid, PhP(OH).. 
The oil was dropped slowly into icc-water, immediate reaction takinjr 
place. The mixture was boiled and rapidly filtered. The solution, 
on concentration in a stream of carbon dioxide, deposited a while 
solid, ra. p. f>8“. Phenylpbosphinous acid melts at 70“. ^ 

A boiling arpieous solution of the acid reduced mercuric chloride 
to mercurous chloride. The phenylphospliinic acid, PhPOlOllt. 
formed in this way was not isolated. 


Arspuir Trichloride nud Triphcni/lbh'onufliiiir. 

To 8 gram.s (1 mol.) of the bismuthine in dry ether 3-3 grams nf 
arsenic trichloride in the same sohomt were .slowdy added. In the 
course of ten minutes 7-2 grams of colotirlcss crystals w'ere deposited 
which, washed with dry ether and reerystallised from dry ))eiizene- 
light petroleum, melted at 183“, contained halogen, but no arsenic, 
and did not depre.ss the m. p. of diphenylchlorobismuthine (hound. 

52-00. Ci.HioClBi reciuires Bi - 52-32 per cent.). From 
the ethereal solution a pale y ellow, viscid oil (containing halogen 
but no bismuth) was isolated. This had a very pungent odour and 
a destructive action on the skin, it was fluid below 0 and stabh 
to water, but witli dry chlorine at O' gave a yellow solid, lu.p. # 
(not sharp), This ^vas probably phenylarsenic chloride, C,dl 5 *A.Tlj. 
m. p, 45“ (La Coste and Michaelis, Annale.n, 1880, 201. lOl)- 
The bulk of the oil, in aqueous suspension, was treated with 
chlorine for some hours, boiied, anrl filtered, The solution depositfii 
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wliitc crystals, which decomposed at 157°, gave silver and copper 
salts, and were doubtless phenylarsinic acid. The yellow oil must 
therefore have contained phenyldichloroarsine. 

In a second experiment, the mixture remained for twelve hour.s 
after the deposition of diphenylchlorobismuthine (m. p. 184°), 
when a yellow, unstable solid, sparingly soluble in hot benzene, 
was precipitated. It contained organic matter and melted above 
185°, but could not be purified. 

The ethereal solution was decanted and evaporated. The residual 
oil was suspended in water, treated with chlorine, boiled, and cooled, 
when di phenylarsinic acid, m. p. 174°, was deposited. The barium 
salt was analysed (Found : Ba ~ 20*80. C 2 .iHr,(j 04 As 2 Ba requires 
Ba = 20*83 per cent.). The yellow’ oil therefore contained diphenyl- 
:hloroarsine. Probably both experiments gave a mixture of the 
?hloroarsines. 

Antimony Trichloride and Triphemjibismuikine, 

One gram (1 mol.) of antimony trichloride in dry ether was 
added to 2 grams (1 mol.) of the bismuth in e in the same solvent, 
when a white precipitate consisting largely of inorganic compounds 
of bismuth and antimony was produced. The decanted ether 
deposited bismuth oxychloride, Imt on concentration gave a .solid, 
m. p. 140°, cont'airiing chlorine and antimony, but no bismuth. 
This on crystallisation from chloroform-light petroleum did not 
depress the m. p. of trij)henylstibine dichloride. When evaporated 
witli aqueous alcohol and crystallised from benzene, triphenyl- 
siibine hvdroxychloridc (m. p, and mixed m. p. 217°) was obtained.* 

A chloroform extract of the first deposit yielded more triphcnyl- 
Etibine diehloride and also diplienyiohlorobismuthine (m. p. 184°), 
whichwas further characterised by conversion to triphenylbismuth- 
iite witli aminojha. 


Blsmnih Trichloride and Triphenyhtibine. 

Bismuth trichloride (7*7 grains: 1 inol.) w’a.s slowly added to 
fhestibinc (8’{i grams; 1 mol.), both in dry ether. The first few 
drops produced a transient, brown coloration and a permanent, 
j’elW precipitate, containing inorganic compounds of bi.smuth and 
Jiiitimony. 

i . . " 

I * It is interesting that the m. p. uf a mixture of triphenvLstibine dichlorido 

i 'nd triphenylbismutiiine diehloride in only four degrees lower than that of 
bt pure triphftnylstibmc dicliloride (rn. p. 143'). The m, p.’s taken simul- 
aneously were : Triphcnylstibine diehloride - 143“. .Mixture — 130*'. Tri* 
wenylbismuthine dichlorido =133“ 
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On the next day, the ether ^vas decanted, evaporated in abseatf 
of moisture, and the yellow, semi- solid residue extracted with liglit 
petroleum, which discharged the colour. The extract deposited 
triphenylstibirLe dichloride, m. p. 142®, which was converted to tbj 
hydroxychloride (m, p. 217°; mixed, 217®). 

The mother-liquors and the original solution gave no trace of 
any organic bismuth compound. 


Arsen ic Trichlori de and Tri- y.-n aphthjlhism uthim. 

Tliree grams of the bismuthiiie in a mixture of dry benzene and 
dry chloroform were treated with 0-93 gram of arsenic trichloride 
in dry ether. During fifteen hours, a dark solid free from organic 
matter and containing arsenic w^as deposited and the yellow solution 
became green. The decanted mother-liquor was evaporated spon. 
taneously in absence of moisture, yielding di-a-naphthylchloni. 
arsine, ra. p. 1C7® (Matsumiya, J. Tdb/d Chem. Soc., 1920, 41, 80s'' 
(Found : Cl — 9-57 ; As — 20-49. C^pHi^CTAs requires Cl = 9-7:>; 
As — 20- ,76 per cent.). 

Bismuth oxychloride and naphthalene (m, p. 80°; picrate 
m. p. 148°) !vere produced at the same time, probably as decoinposi. 
tion products of a-naphthyldichlorobismuthine. 

The dark solid was insoluble in chloroform or benzene. On- 
ether extracted bismuth chloride. 


Bismuth Tribromide and Tripheniilamine. 

With bismuth bromide (o-o grams ; 1 mol.) and triphenylamine 
(il-O grams ; 1 mol), both in dry ether, a dark green solid wa? 
deposited. On the next day, some of the solvent w^as removed, 
when triphenylamine (m. p. 125°; mixed, 125°) was recovered, 
The whole of the ether was then evaporated and water added. Xhi^ 
discharged the colour, only bismuth oxylromide and triphenylamiue 
(m. p. 126°) being isolated. 


Bismuth Trichloride and Triphenylarsine, 

{a) Bismuth trichloride (7 grams ; 1 mol) in dry ether was sIot^Iv 
added to an ethereal solution of the arsine (6-8 grams ; 1 uioL). 
Xo precipitate was formed, but the solution on evaporation deposited 
a ycUow, viscous sedid. This with cold light petroleum and with 
benzene yielded triphenylarsine, m. p. 59® on recrystallisation. 
The crude arsine contained traces of a halogen compound (copper- 
wire test) and had the odour of^a phenylchloroarsine, but no siicb 
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substance was isolated. A portion of the yellow residue was treated 
^th water, when all colour was discharged. Extraction with 
chloroform then gave bismuth oxychloride and triphcnylarsine 
(ffi p. o8°) containing traces of halogen. The remainder of the oil 
was decomposed with ammonia, and extracted with alcohol, tri- 
henylarsine {m. p. 53^ ; recrystallised, 58°) being obtained. Treat- 
uicnt of the crude arsine with hydrochloric acid and hydrogen 
sulphide yielded a trace of bismuth sulphide, indicating the probable 
presence of traces of triphenylbismuthinc, arising from diphenyl- 
chlorobismuthinc and ammonia (see p. 105). 

(h) Bismuth chloride (5-1 grams) and the arsine (5 grams) were 
boiled with toluene. After six hours the solution became yellow^ 
and, on cooling, deposited colourless, hygroscopic crystals (m. p. 
80—90°), becoming yellow in air. These were probably a double 
compound of the arsine and bismuth chloride, since with wmter only 
tripheiivl arsine and bismuth oxychloride wmre obtained. 

The mother-liquor wms evaporated and treated with ammonia; 
careful fractionation yielded only triphenylarsinc (m. p. 59°). 
A shght odour of a phenylchloroarsine wms observed, but no such 
compound or any triphenylbismuthinc wms isolated, 


The Action of Hydrated Ciipric Chloride oil Triphenylbismu thine. 

The bismiithinc {2 grams), cupric chloride (1-55 grams; 2 mols.), 
and alcohol (20 c.c.) w'ere vigorously shaken together. The solution 
was decolorised in fifteen minutes and the theoretical quantit}' 
(0-9 gram) of cuprous chloride precipitated. Tlie filtered solution, 
when evaporated at room temperature, gave three deposits of 
Aliphenylchlorobismuthine (m. p. 183°, 183°, 179°). The last was 
washed with chloroform, hut the extract contained no triphenyl- 
bismuthinc dichloride. Similar results were obtained in chloro- 
form solution. This reaction is being further investigated with a 
view to the isolation of an organo- copper compound. 


Interaction of Mercuric Chloride and TripJie?]ylb(6mutkine. 

Mercuric chloride {1-85 grams; 1 mol.) was added to triphenyh 
bismuthine (3 grams; 1 mol.), both in dry ether. A solid, m. p. 
16T, was at once precipitated, which was dissolved in a large volume 
of cold dry benzene. Addition of light petroleum gave mercury 
phenyl chloride, m. p, 250°. The mother- liquor yielded diphenyl- 
clfiorobistiiuthine (m. p. 183°), which witli alcoholic ammonia gave 
triphenylbismuthine, 

A portion of the original ethereal filtrate was concentrated, when 
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more solid (in, p. 166^) separated. This and the mother-liquor 
yielded the same products as before. The original precipitate 
(m. p. 166®),* when treated with hot glacial acetic acid or with 
water, gave mercury phenyl chloride and inorganic bismuth com. 
pounds. The aqueous solution was free from metallic radicles^ 
but contained hydrochloric acid. 


Inkraciiuu of Triphmijibimuthinc and Benzyl Chloride. 

The bismutliine wa.s treated with excess of benzyl chloride iji drv 
ether and, after eight ^^■eeks at room temperature, a trace of 
bismuth oxychloride was deposited. On removing the ether, luojt 
of the triphenyl bismutliine was recovered. 

Spontaneous reaction took place when the mixture, free from 
ether, was left in a desiccator, hydrogen chloride and a brown, oilv 
mass being produced. On extraction with chloroform and light 
petroleum, bismuth oxychloride remained. The solvent was then 
evaporated and the residue distilled, when a viscous liquid (h. jt. 
255 — 265®) was obtained. This was probably diphenyliuetharn'. 
since oxidation with chromic a(‘id gave heozophenone, which was 
isolated as the oxime (m. p. 140®). 

lntcra<^tion of Tri-x-napJithylbi^^-nndhiiic and Mercnry DipJienyl 

The bismutliine (5 grams ; 1 mol.) and mercury diphenyl (3 grams; 
1 mol.) were boiled for two hours in beiizcne-ehloroform solution, 
but on fractional crystallisation Mt‘re l■eeo^■cred unchanged. 

The same quantities of the bisiuuthine and mercury diphenyl 
ivere then heated in an oil-bath at 200". The mixture softened al 
180® and melted at 2002 After t^^■o and a half hours, it was cooled 
and extracted with aceloiie. Practically no inorganic maKer 
remained. The residue wa.s crystallised from benzene, yielding 
mercury di-a-naphtliyl (m. p. 245": )nixed, 243®), which was 
characterised by conversion to mercui'y a-naplitliyl bromide (m. p. 
198°). 

The acetone extract \’ielded an oil. a portion of whieli was dh- 
tilled with .steam, yielding napiitbalene (m. {), 82°). The residue 
could not be cryslaiiised from any solvent and appeared to be a 
mixture of tripkeiiydbisniuthinc and diphenyl- x-naphthylbismulhinc. 
The whole of the acetone -soluble products wei e therefore dissolved 

* Although tlu'cc dopy.:ii{s, m. p. Ul4', Khr, 160', were obtained, analysis 
appeared to indicate that the product was not Bi(C2H,-j3,HgCl2 nor even un 
eqrhmolecular Hil.-iture of and Cgilj’ilgCl, Production anti 

partial separation of thc.'jo iast-namcr] .substances probably occur even in 
dry ethereal solution. 
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ill chloroform-light petroleum and treated with chlorine (Challenger 
jijid Wilkinson, this vol., p. 95), whereby a viscous solid (i4) was 
precipitated. The mother-liquors deposited diphenyl- a- naphthyl- 
1 , isinutliine dichloride (m. p. 140®; mixed, 139®). This was decom- 
posed with ammonium sulphide (Challenger and Wilkinson, loc. dt.) 
iiiid the product rccrystalliscd from alcohol, giving crude diphcnyl- 
:,.-im]ihthylbisinuthinc (in. p. 1 13®). The quantity was too small for 
further purification. 

I’he solid (.4), on treatment with cliloroform and ether, yielded 
,/) a small quantity of mercury phenyl chloride (m. p. 249®), result- 
ng from the action of chlorine on unchanged mercury diphenyl, 
uid (b) crude triphenylbismuthine dichloride (m. p. 120®), which 
,vith moist silver oxide in acetone yielded triphenylbismuthine 
in. p. 70®; mixed, 77®), thereby confirming the presence of this 
iubstaiicc in the original fused mixture. 


liiUractioii of and Tri-^^naphihylbisrnutkine, 

Tripiionylbismuthine (5 grams; 2 mols.) and tri- a- naphthyl - 
hismuthine (34 grams; 1 mol.) were heated at 190® for two hours, 
cook'd, extracted with acetone, and filtered. The residue contained 
<(ime inorganic bi.smuth compound together with a little unchanged 
In-Miaphtliylbismiitliine (m. p. 235®). The acetone extract 
deposited diplienyl-a-naplitliylbismuthine (m. p. 112®), which, after 
si'veral crystallisations from chloroform-alcohol, melted at 118® 
imd was characterised by conversion to the dichloride (m. p. 140®; 
mixed, 140®). The acetoiu' liquors wore exmporated and distilled 
with steam, whereby naphthalene (m. p. 87®) was removed. The 
residue wa.s unchanged triplienylbismutliiiie (m. p, 76®). 

I n-p-lofijlbi^nmthuu and Muxiirii Diphinyl. 

UiiiicaMiig tJic bismutbine (-> grams ; 1 mol.) and mercury diphenyl 
:k7 grams: 1 mo!.), complete fusion took place at 120®. "After one 
the ma>s became quite solid again at this temperature and only 
ku(l\ melted when kept at 180® for one hour. The cold mixture 
I'tis csinu'ted with acetone, iiltercd, and the residue crystallised from 
'•|TOciic. when mercury di-p-lolyl (3 grams) was obtained (m. p. 
“'J' )• ffiis vas converted by bromine in chloroform to mercury 
'"tolyl fwomide (m, p. J^q^) and p-bromotohiene. The acetone 
not lei -liquors depo.sited a solid (m. p. 88‘ ), which, when recrystal- 
* lom acetone, yielded tri-ji-tolvlbismuthine (m. p. 120®; 
■wxetl, 1200. ' ^ i > 

fhe mother-liquors gax e an oil which could not be crystallised. 
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With chlorine in chloroform-light petroleum solution it yielded 
mercury phenyl chloride {m. p. 249*^), indicating the presence of 
unchanged mercury diphenyl The final mother-liquors deposited 
crystals (m. p, 119 — 124^), which were probably a mixture of tri- 
phenylbismu thine dichloride and tri-p-tolylbismu thine dichloride. 


Action of Magnesium oi.-yaphth)jl Bromide on Mercury Phenyl 
Bromide. 

Mercury phenyl bromide (S grams) u'as gradually added to the 
Grignard reagent (4 rnols.) in benzene-ether solution. Rapid sola- 
tion occurred, and after half an hour at room temperature the 
mixture was cooled in ice, decomposed with excess of 1 per cent, 
sulphuric acid, and filtered. A portion of the benzene solution was 
evaporated at room temperature, the residue yielding about 3 grams 
of mercury di-a-iiaphthyl {m. p. 245^^). Since all rise of temperature 
had been avoided, it appeared very unlikely that this could hare 
been formed by decomposition of mercury a-naphthylphcmi. 
The remainder of the benzene solution was therefore distilled witli 
steam to remove naphthalene, and crystallised from benzene as 
before. The mot her -liquors finally yielded a small amount of a 
solid, which on treatment witli bromine in chloroform-light petrol- 
eum solution gave a trace of rnercuiw phenyl bromide. Another 
experiment gave similar results. 


The authors are indebted to ^lessrs. Thomas Tyrcr & Co., Ltd., 
for specially preparing a quantity of anhydrous bismuth chloride 
and bromide, and to the Rescarcli Fund Committee of the Chemieal 
Society for a grant \ehich has partly defrayed the expemos 
of this investigation. 

The “ Lkmnstkix n Laboratory, 

Tue University, Manchester. [Received, Xove/itber \ith, 11121.] 


XVIII . — Tht Aliphatic Sulphonamides, Part L 

Ry Pekcival Walter Clutter buck, and Julius Berend Cohen'. 

In a papc” by Dakin, Cohen, Daufresne, and Kenyon {Proc. Boji. 
ySoc., 1910, [5j, 89, 232) it was shown that the aromatic chloroamine^ 
possess powerful antiseptic properties. These substances were 
obtained by the action of sodium hypochlorite on the sulphonaraidfe 
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and have the general formula Ar'SOg’NNaCl (Ar — aromatic radicle). 
•\s reacts in the same fashion as, for example, 

henzeiiesulphonamide, and as the benzyl radicle resembles in its 
creneral behaviour an alkyl group, it was thought possible to obtain 
qiuilar products, having a more active antiseptic action weight for 
from the aliphatic sulphonamides and more especially from 
the aliphatic disulphonamides wdth which the present paper is 
concerned. iUthough our expectation has not been realised, for 
these sulphonamides apparently do not react with sodium hypo- 
chlorite, we think, nevertheless, that the resudts are not without 
interest. Ethanedisulphonyl chloride was first prepared by 
Keinigs [Btr., 1874, 7, 1163) by the action of phosphorus penta- 
ciiloride on the sodium or potassium salt of the disulphonic acid. 
In an attempt to obtain the amide, it was found that water, alcohol, 
aqueous ammonia, or ammonia gas in presence of an inert solvent 
(ether, benzene, etc.), aliphatic and, as Autenrieth and Kudolph 
[Ber., 1901, 34, 3469) have shown, aromatic bases all liberate sulphur 
dioxide either in the cold or on warming. 

On boiling with water, two reactions occur concurrently, in the 
proportion of about 90 per cent, of the first to 10 per cent, of the 
second : 


1. I 


CH/SOX4 


+ H,0 = 


2HC1 + SO,. 


CHg-SO^Cl 

CH.aSO^Cl 


+ 2H2O - 


CH^-SOgH 

CHg-SOaH 


21101. 


As the product of the action of ammonia gas on the substance 
dissolved in ether was difficult to isolate in a pure state, the action 
of aniline was examined. This reaction has been ^■efy fully studied 
by Autenrietii and Rudolph {loc. cit.), by Autenrieth and Koburger 
{Bor.. 1903, 36, 3626), and also bv Kohler (.Imcr. Chem. J., 1897, 
m T4o}. 

The product obtained by Autenrieth and Kudolph was represented 
ly formula L u hilst Kohler assigned to it formula il. 

91^2* ^0, CH„‘XH*C\H5,HCT 

CH'SOv.N’H’CoH., CHi-SO./XH'CjHj, 

(r.) (ir.) ■ (111.) 

Kohler at the same tijiie siiowcd that whilst the above compound 
d or 11} is mainly produced when aniline is dropped into the fused 
sulphonyl chloride, if tlic reaction proceeds in ether solution at the 
ordinary temperature the compound III is the main product. 

Seeing that -propane- and ae-pentane-disuiplionyl chlorides, 

Me have shown, react normally with ammonia or aromatic bases, 
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yielding diamides, it seemed desirable to inquire further into the 
behaviour of ethanedisulphonjd chloride with aromatic bases. 

It was assumed, to begin with, that as the substance III ’,va^ 
formed at the ordinary temperature it w'as probably the first 
product, wbich, by losing aniline hydrocnloridc, passed into T 
II; but this view was negatived by the observation that neithor 
compound could be readil\" converted into the other, both beina 
comparatively stable. The following experiments were made : 

(а) Compound III was heated in a dry tube; hydrogen ehierido 
was evolved, l)ut no aniline hydrochloride was formed. 

( б ) On heating compound ill ^vitli Avater, the same result uav 
obtained. 

(c) Compound I was wanned with aniline; but the origiurt]. 
substance was extracted unchanged. 

{d) Aniline hydrochloride and compound I were ground up togcilu-r 
and heated. Again no trace of compound III was obtained, 

Autenrieth and Rudolph [loc. cit,), from the fact that tannpound 
I can be prepared from fi-chloroe thane- a- sulphonyl cbloridc, 
CH2C1*CH2‘S0.2C1, and aniline, regard the reaction as proliahly 
proceeding in three stages, as follows : 


1 . 


CHn*SO.,Cl ^ ^ - 

_ CH^-SO^Cl 

CH^-SO.yNH-CcH, 




, CH^-SO^Cl 
. CH^Cl 

CH,>'SO.yNH-C 6 H 3 


CH,X1 

' CH^-SOo'NH'CgH. 
-L C.H.-NH, 

CK-SO./XH‘C(;H. 


h SO.. 




In the same way, a fourth molecule of aniline might effect the 
following change, forming compound TIT. 


A CHaCl 

CHj-SO.-XH'CcHj 


-!- 2 CcH,,'X]l 2 
' CHj-SOj-NH-CoH; 




We have attempted to follow the various stages in the proce.^^ 
by successive additions of aniline in molecular proportions tfi 
ethanedisulphonyl chloride in ether solution, cooled in a freezing 
mixture. 



THE ALIPHATIC SULPHONAMIDES. PART 1. 


123 


Oa addition of two molecular proportions of aniline, a precipitate 
of aniline hydrochloride was thrown down mixed with an oily 
substance smelling strongly of mustard, which gradually decomposed 
emitting sulphur dioxide, the mustard smell disappearing at the 
^qme time. The reaction being supposed to take place in accordance 
^ith the above equation 1 , the filtrate should contain no unchanged 
sulphonyl chloride. This proved to be the case. The oil was 
exlracled with acetone, reprecipitated with water, and heated with 
•ilooholic potassium hydroxide. The potassium chloride was 
jcmovcd by filtration and the alcohol by evaporation. The alkaline 
solution which remained was extracted with ether, and on removing 
the ether compound I was obtained. Another portion of the oil 
t-xtnicted with acetone combined readily with aniline, forming 
fooipound III in accordance with equation 4, whilst the action of 
potassium hydroxide would give the product of equation 3, 


CH.CI 

CHySOyNH-CfiHg 


+ KOH 


C H ' S () ,> • N H • CJ gll 5 


+ KC'l 4- H.O. 


Ill order to ascertain vvhetlier the op(Mo or closed-chain structure 
(formula I or II) should be assigned to the monosulphonanilide, 
Autenrieth and Ko burger [loc. cH.) were able to show that, although 
the compound cannot be reduced by sodium amalgam, both the 
monosulphonanilide and the corres]:)ondi]ig p-jihenetidide form 
additive compounds witli one molecule of bromine. Moreover, 
Autenrieth and Rudolph [Joe. e/7.) prepared a methyl, benzyl, and 
acetyl derivative, substances wliich are not likely to he formed in 
the case of a ring structure having formula II. 

We have obtained further evidence in favour of this formula from 
a study of ethyicnesulphonic acid, which is formed when the 
(iisulphoind chloride is boiled with water. 

This acid, like the monosulphonanilide, cannot be reduced with 
vodium amalgam, alllioiigh, on heating it in a sealed tube at 170''’ 
with liydriodic acid, ethanesiilphonic acid is formed. 

Moreover, hydrogen chloride, hydrogen laromide, and water 
readily combine with the acid, which is therefore unsaturated. The 
acid was converted into the acid chloride, which, on combining with 
aniline, yielded the monosulphonanilide, identical with that obtained 
horn the disulphonjd chloride. 


CH, PC], CH^ c.H.'XTr, CH^ 

CII'SOjH ' CH-SO/Jl ' CH-SOj-NH-CbHj' 

This result, togetlier with the evidence of Autenrieth and Rudolph, 
haves no doubt as to the iinsaturatccl, open -chain structure of the 

Qiouosulphonanilide. 
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Experimental. 

PrepaTaiioit of the Alh/hne Dibromidc. 

Ethylene, propylene, and butylene dibromides were prepared by 
passing the olefines thi’oiigh bromine, tlie latter being obtained by a 
modification of Newth’s method introduced by Mr. H. Calain, 
This method consists in runnmg a slow stream of the alcohol through 
a fine glass spiral dipping below the S 3 n'Upy phosphoric acid, whereby 
the alcohol is vaporised before contact with tlie hot phosphoric 
acid. By this means a steady current of gas is obtained, any 
alcohol which may escape decomposition being condensed by the aid of 
a small condenser attached to a \\oulfe bottle, before the gas passes 
into the bromine. Tlie best temperatures for the generation of the 
olehnes from the alcohols were found to be 195° for ethylene, 240' 
for propylene, and 205° for butydene. At the higher temperatures, 
the phosphoric acid gradually attacks the glass vessel. 

The olefine was passed through a tube of liquid bromine until the 
latter wa.s decolorised. The product was purified in the usual way 
and distilled (the propylene and butylene bromides under reduced 
pressure). 

Pen tarn ethylene dibromide was prepared by von Braun’s method 
by the action of phosphorus pent a bromide on benzoylpiperidine. 


Preparation of the Aliphatic Disulphonatc.^. 

The dibromides were in each case boiled with a saturated solution 
of sodium sulphite (2 mols.) until the lower oily layer had disappeared. 
On concentrating the solutions, the disiilphonates crystallised, and 
by recrystallisation were readily obtained in a pure state. Propylene 
and butylene dibromide.s were decomposed during boiling, yielding 
the original olefine and sodium sulphate. Ammonium propane* 
disulplionate was, however, obtained by boiling the dibromide with 
a large excess of ammonium sulphite according to Monad’s method 
{Ber., 1885, 18, 1345), The analyses of the anhydrous materials 


are as follows : 

Water oi 

Xapercciu, S per cent. crystal* 

Sneliurn - ■ - lisatiori 

distil phonati". Found. Calculated. Found. Calculated, (mols.). 

Ethane- 19dl4 19-B() 27':}0 27 '35 2 

ajS-Propanc* — • • 27' 10 2f)'90 

a 7 -Propane- 13d)2 18-0.5 2o-50 25' SO 

as-Pentaue- lO-OO IC-OO 23*50 23*20 5 
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Preparation oj the Aliphatic Disulphonyl Chlorides, 

The aliphatic di^siilphoiiyl chlorides were prepared by heating the 
disiilphonates, carefully dried at 120" and finely powdered, with 
phosphorus pcntachloride (2 mols.). When the mass had liquefied 
and no more hydrogen chloride was evolved, the phosphoryl chloride 
was either distilled off in a vacuum and the residue ground with ice- 
water and extracted with ether, or the oxychloride was removed 
on the water-bath and the residue ground with ice- water as before. 
The chlorides were crystallised from ether, chloroform, or benzene, 
tUid formed colourless, foliated crystals, the inelthig point and 
analytical data being as follows : 


Ci per cent. 


Disulphonyl chloride. 

M. p. 

Found. 

Calculated. 

Ethane- 

. 

:u-l 

31-3 

aj3-Fropan6- 

. 4S 


2!h4(j 

ciy-Propane 

45 


29-40 

ttf-Fentane- 

tiU 

20' 1 

2(>-30 


Adlon of Ammonia on the Aliphatic Disulphonyl Chlorides. 

EihjUnesulphonamidc.—DTy ammonia was led into a dry ether 
solution of the disulphonyl chloride. A white precipitate formed 
and nothing remained in the solution. The precipitate consisted 
of ammonium chloride and sulphite, a little ammonium ethane- 
di^ulphonate, and the sulphonajiiide. By careful evaporation of 
the dilute alcoholic solution most of tlie ammonium salts separated, 
and after removal and on further evaporation a sticky mass wa.s 
obtained. This was dissolved in water, the remaining halogen 
removed with silver carbonate, and the mixture filtered and evapor- 
ated. It wa.s again dissolved in a little water and reprccipitated 
with a large quantity of alcohol. After several repetitions of the 
process and on allowing the solution to evaporate slowly in a 
vacuum desiccator, a product, consisting of slender needles, was 
obtained which melted at 87^. The percentage of nitrogen (see 
below) corresponds with C.H^OgKS, or cthylejicmonosulphonamide, 
vHg.CH-SOg'XHg. 

'j-y'Propane- and y-i'Peniane-disulphonamides.—When treated 

^ith dry ammonia in ether solution, as described above, the 
pulphonyl chloride gave normal disulphonamides. The precipitate 
jj^hich formed was extracted with boiling acetone, and on removing 
p acetone the product was recrystaffised from water or alcohol 
^ both cases colourless, foliated .crystals were obtained either bv 
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disc>olving in hot alcohol and adding chloroform or by crytitallising 
from hot water. 

X per cent. 


Sulphnnainide. .’'.f. [). 

KtliylenemonosivilphoiKiTnidf.! ... S/ 

a7'Prnpancdisulphonanii(.U! ... I(v:) 

at -IVnianedisulphonatnidi' 


Found. Calculated, 

13*08 

14*0r> 13*80 

12*30 12*18 


Ad ion of Aniline on Ihc Aiiphadc Disulphonyl Chlorides. 

The equivalcnl. of four inolccuk^ of aniline in etlicr solution wa.-; 
added to one molecule of tlu^ disiil];lionyl chloride, also dissolved in 
ether. Aniline hydrochloride was precipitated, whilst the ethtr 
retained the sulphonanilule. In the ease of ethane- and propane- 
disuiplionyi chlorides, sulphur dioxide wa.s at the same time evolved^ 
as observed by Autenrieth and Kudolph. In that of ay-propane- 
and as-pentanc-disulphonyl chlorides formation of normal di- 
sulphonanilides occurs, but proceeds slowly. The reaction can be 
hastened by conducting it in boiling benzene. With ethane- 
disuiphonyl chloride, ethylenesuijdronanilide and anilinoethane- 
Kulphonanilide are formed simultaneously, as already explained, 
and the two may be separated by shaking the ether solution (after 
filtering the aniline hydrochloride) with dilute hydrochloric acid, 
which dissolves only the a ni lino -snlph on anilide. 

Ethylenesnlphonanilide crystallises from alcohol in colouriess.. 
foliated crystals, m. p. tiO" (Autenrieth and Rudolph give 68'), 
The acetyl derivative was prepared by heating the sulphoiianilide 
with excess of acetic anhydride, as described by Autenrieth and 
Rudolph. It crystallises from alcohol in needles, m. p. 99^ (Auteir 
rieth and Rudolph give 100“), According to the analysis its formula 
is CIl 2 !CH-S 0 ,yA^{C|,H 30 ]‘CV,fi ,5 (Round : X ~ 6*4. Calc., X" — 6d 
per cent.). The sulphonbenzylanitide. CHdC'H*SOvX(CkH 7 )'CgH-. 
was also prepared by the method given by Autenrieth and Rudolph 
by way of confirmation, and was found to melt at 88“ (Auteniipth 
and Rudolph give ST') (Foiind : X" - o*;b Calc., X" = od por 
cent.). Autenrieth and Rudoljih obtained the methyl derivativo 
by the action of nicthylaniliiic on the disuiplionyi chloride and ako 
by methylating ethyienesulphonanilide with methyl iodide in 
presence of sodium ellioxide, We obtained tlie same compound by 
using methyl sulphate in an alkaline solution of the sulphoiianilide : 
it melted at 78^ (Autenrieth and Rudolph give 77") (Found: 
N ~ 7*2. Calc., X’’ 7*1 per cent,), 

Propanedisulphonyi chloride, like the ethane derivative, give? 
an unsaturated monosulphor.anilide. CIR-CHiCH-SO.-XH’CeH^* 
All the suiphonaniiides can be crystallised from alcohol and font 
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coloiuieas, foliated crystals. The reactions of the sulphonyl 
(hlorides with p-toluidine are similar to those with aniline. With 
ethaiicdisulphonyl chloride a moiiosulphoioluidide is formed, 
\vhi(‘h it is .difficult to crystallise or purify, and a toluidinoethanc- 
•;u(photoluidide hydrochloride, which crystallises in long, colourles.s 
needles. The following tcJjle gives the melting points and analyses : 


N per cent. 


Aiiilldc. 

M, p. 

Found. 

Calculated. 

l ilivltijo-‘iil[)iiouanilklo 

UU’ 

7 '00 

7*65 

Oillnioptiiiiiiesiilpiioiiaiiilkk' 

!i>ridc 171 


«*50 

c.-;-Proparto.sululionanilidc 

!)) 

T-OU 

7*10 

ft' .Vfopans'di^iiiiplioiianilidc 

12!) 

PUo 

7-90 

foul ancdisalpl lOtamilide 

J21 

7-20 

7*30 

.Vloluidmocthaur-sulphotoln 1. 1 id. - 1 ly 


.\ 1F07 

U*2f> 

fliiuride 

} ' 

Cl 14-10 

14-30 


The sulpliuiiaiiihdes can be readily methylated by LTlraanii’s 
jiicthod with methyl .suij;ihate in alkaline solution. The following 
table gives th(; melting points of the methyl derivatives of the 
ly- propane- and ^cc-peiitane-disulphonanilidcs, together tvith the 
uamethylatcd compounds. 

yi.p. 

Unm ctii ylated. Methyl a t ocl. 

fty-PropanedisvilphoiuuuIidc 1^9^ 151“ 

,flc-Pen1a[iedisulphonanilido 121 100 


.-Id/o/t oj Flitnijlhijdrazbu' on the. AJiphatic Dlmlphomjl Chloridu. 

Hydrochloride.— 

The equivalent of four molecules of phenylhydrazine in ether was 
mixed with one molecule of ethylenesulphonyl chloride. Phenyl- 
hydrazine hydrochloride was precipitated and at the same time 
.uilphur dioxjtlf3 was evolved. After filtration, the ether solution 
was extracted with dilute hydrochloric acid, which removed the nrain 
j.'i'oduct; a sJiialL quantity of a red oil remained after ('vaporating 
he ether and was ]]ol furtJicr e.xamined. The acid extract was 
• vaporated in a vacuum desiccator over sul])hin'ic acid and sodium 
lyuroxide, and the dark residue was brought on to a filter and 
aj)i(]Iy washed with acetic acid. The residue, freed from acetic 
■uid. wa.5 crystallised from alcohol. The compound forms slender 
needles which melt with decomposition at ISS"'. The analysis 

roiTcspoiid,:. \\'ith the formula (Found : 

h' - 16‘4o. C\ 4 HigX^ClS requires X — 16*55 per cent.). 

. ^'rPrQpmedmlpkonyldipkenylhydrazide.—The reaction was 
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carried out as above. A thick, white precipitate was thro^vn 
down, but no sulphur dioxide was evolved. The ether extract 
contained a very small quantity of a substance melting vitli 
decomposition at ISo”. The original precipitate was extracted uith 
boiling water, whicli dissolved the phenylhydrazine liydi'ochloride. 
leaving a portion insoluble in ether or water and sparingly soluble 
in alcohol. When crystallised from aqueous acetone, it separated 
in slender, colourless needles melting with decomposition at 177\ 
The analysis corresponds with the formula of a normal disulphouvl- 
diphenylhydrazide, CHotCH^’SO^'l^H'NH'CgH-l^l.Found : N — H-y 

requires N ~ 14-o8 per cent.). 

Action of Hydrazine on the Aliphatic Disulphonyl Chlorides. 

'xy^Propanedisulphonyldihydrazide, CH2(CH2*S02*NH‘]SiH2)2, \va!> 
obtained by heating together in absolute alcohol one molecule of 
the sulphonyl chloride and three molecules of hydrazine hydrate. 
A precipitate of tlie hydrazide and a little hydrazine hydrochloride 
separated, the bulk of the latter remaining in solution. The 
hydrazide was filtered and crystallised from alcohol with the addition 
of a few drops of water. It crystallised in long, colourless needlc'S 
which melted with decomposition at 105'' (Found: X — 
€ 3111204 X 482 requires X ~ 2 - 1 -i per cent.). 

ac~Penianed isu I phon yid ih ydrazide , 

XH2'XH'Sb2‘CH2'[CH2i3-CH2‘S02'XH-Xll2, 
was prepared as above and crystallised similarly in needles meltiiu 
with decomposition at 115 ' (Found : X — 21-7 , C^HjgO^XiS, 
requires X = 21 '5 per cent.). 

The Ohganic Chemtc.vt. Lvbokatokiks, 

The Univeksiiv, Leeds. [Rccelrtd, Xomnher 1921] 


XIX . — The Chemistry of Polycyclic Struclures in 
Behtion to thev Homocyclk Cnsaiuraied Isomerkho 
Part IL hiira-annvlar Tauiomerisin, 

By Ernest Harold Farmer, Christopher Kei.k Ingold, and 
Jocelyn Field Thorpe, 

As many welhknovn examples piove, the chemistry of condensed, 
and sometimes of sujpposcdly simple, alicyclic ring compounds is 
frequently complicated by extraordinary transformations and 
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inter-relationships which it would be quite impossible for anyone 
to predict from an examination of the structural formulae of the 
substances concerned. One might quote as instances any of the 
changes which connect the three series of compounds derived 
respectively from camphene, pinene, and bornylene, or the conver- 
sion of a-campholytic and a-campholonic acids into their isomerides, 
isolauronolic and p-campholenic acids, and it is probable that 
uiany who have given consideration to these and similar changes 
have drawn the conclusion that there must be some important 
fundamental fact connected with the chemistry of alicyclic ring 
compounds which still awaits discovery. 

Of the methods which have been used for the determination of 
(he structures of alicyclic substances, not only in terpene and 
camphor chemistry, but also in connexion with the alkaloids, and, 
generally, wherever complex ring structures are met with, none, 
probably, has been so widely employed or so imphcitly relied on 
as the process of subjecting the substance under examination to 
regulated oxidation by cold alkaline permanganate. This being 
the case, the establishment of an instance in which oxidation by 
cold alkaline permanganate definitely and inevitably points to an 
iricorreot constitution for the substance oxidised is, to say the least, 
disturbing and calls for further investigation. 

In Part I of this sCries (T., 1920, 117, 1362) it was shown that 
dimethyldmydopentanonedicarboxylic acid {!), which, by synthesis 
from a cyc/opropane derivative, by oxidation (with ferricyanide) 
to earonic acid, and by the study of its simplest reactions, was 
proved to have the bridge-ring structure (I), on oxidation by means 
of cold alkaline permanganate behaved as though it had the un- 
saturated structure (II) ; it passed quickly and quantitatively into 
ax-dihydroxy-p^-dimethylglutaric acid (111) and oxaHc acid : 

( 1 .) 

CH Co 


CMe,< 


C(C02H)“C‘C02H 

■Cll.r“ 


-CO 


(II.) 


(III.) 


dad the substance been a natural product, or had it been originally 
)btained in any way other than by a direct and rational synthesis, 
30 search would liave been made for some less commonly employed 
oxidising agent, and, on the basis of its behaviour with perman- 
;ariatc, it would certainly have been set down to be an un- 
aturated derivative of the formula II ; and it is highly improbable, 
floreover, that any of the known facts regarding its chemistn^ 
VOL. exxr. F " 
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wouid liavo iiroused a suspicion Uiat this ooiiolusiou was not wdl 
founded. 

It seemed essential, therefore, to discover whether this was an 
isolated instance, or, if not, under M'hat conditions the existence of 
such examples of chemical perjury might be suspected, Moreover, 
it seemed probable that a study of the matter might also do much 
towards dis])ersing the mystei’y winch at pi'esent envelops the 
mechanism of those curious aiioyelic transformations referred to 
above; that both problems would be found to be co-extensivc in 
the sense tljat not only these transformations, but also the mis- 
leading oxiclalicm reactions, might be traceable to the operation of 
some fundamental but liitbejto umveognised circumstaiice. 

The xiew to uhicb rve hart' been led ))y a close study of a number 
of compounds of the d ici/clopentam series may be briefly .stated iii 
the following terms. In cyclic compounds there exists, either 
potentially or actually, a kind of tautomerism, analogous in some 
respects to the three-carixm tautomerism of the glutaconic acids, 
but, in addition, invoUing valency-exchange across the ring. p. 
will be our object in the ])roseiit and subsequent parts of this scries 
of papers to show how the occurTence of thi.s phenomenon, which 
in future, w(' may rcf(U‘ to as “ intra -annular tautomerism, lies 
at- tlie basis of, not iml}’ the remarkable changes of .structure prc\a- 
ously mentioned, but also those mutually contradictoj'v decomposi- 
tions in the bridged-ring scries which are best interpreted by ascribiiu' 
to each compoufKl a dual set of properties. The ])heuomenon of 
iutra-annular tautojuehsm reaclie.s its culminating point in benzene 
and its derivativ-es. 

At the outset of the ill^■estigatiou it appeared that an exeellent 
illustration of a substance capable of exhibiting mutually irrecon- 
cilable decompositions was ready to iuind in the dimethyldfcyc/o- 
pentanoneearboxylie acid ([\'), the constitution of which rests on 
its synthesis from a ryc/opropane derivative, its oxidation to caronic 
acid, and its intimate relationship with the acid I, from which it 
may l)c obtained in quantitative yield by heating to it.s melting 
point in diy naplithaleue : 


^ CH CO 




XK- 
(IV.) 


Now Perkin and Thorpe showed fT., IPOJ, 79, 729) that t))o acid JV 
passed on treatment with alkaline permanganate into a'x-dihydi’oxy- 
fFi-dimethylglutaric acid (HI), and it is true that both the d/ryc/c- 
2 )cntane acid.s (I anci I\ ) can bo conveited almost quantitatively by 
cold alkaline permanganate into.the same acid (HI) with appruii- 
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mately equal ease, By all accepted rules of evidence, therefore, 
this reaction, in the case of the acid IV, would seem to point con- 
clusively to the iinsaturated constitution {V) : 




c(C()2H):oh 

CH,, CO 


(V.) 


CMe 

‘ “ CH^'CO^H 
(ill.) 


■f CO,. 


It may h(^ stated at once that the experijueiits described in this 
jiaper point, we believe unquestionably, to this equation as represent- 
iiior the true manner of the oxidation ; that the acid V is a tautomeric 
luodihcation of the acid T\h which reacts as though it were the 
inisatiirated i.somerick' in tlie presemeo of a suitable reagent for 
unsaturated eompounds : 


iiv.) 


CH CO 


CMe,< 


c((:o,}i);CH 


CH[H]-CO 

(Mobile hydrogen atojn shown ; ^11)) 


(V.) 


[{ovever, it will bo observed that an alternati\'e explanatioti is 
possible. One might suppo.S(', unlikely as such a reaction seem.s, 
that, under the influence of the cold permanganate, the elements of 
water (not two hydrox}'! groups) are added to tlie molecule by 
lission of the bridge, and that complete disruption of the remaining 
ring occurs subsequently, in the sense of the following equation ; 


“ CH CO 


('Me 

“ CH., CO 


(IV.) 


<VI.) 


(.'.Me,< 


C(OH)yCO.H 

c:H2‘c6.,h ‘ 

an.)"" 


c.u. 


Such a .scheme, the essential feature of which i.s the intermediate 
production uf the li vdroxy-aoid (\’l), might be adopted to explain, 
not only the oxidation by permanganate, but also a number of tlie 
reactions and decompositions described below, and in order to 
appreciate its inadequacy it is necessary to examine the evidence 
in some detail. 

I The original acid {IV or V), on treatment with nitro.^yl chloride, 
wields a pale yellow oximino- derivative, which, on hydrolysis by 
paeans of hydrochloric acid in the presence of formaldehyde 
Kcompare Perkin, Hobeits, and Robinson, T., 1912, 101 , 234), 
cives a diketonic acid, which might have formula IX or formula X, 
kecording to whether the original aeid reacts in the form 1\' or the 
iorm \' : 
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(IV.) 


(VII.) 


CH- 
(IX.) 


'CO 


<C(CO,H):(?H 

CO 


/C(CO,H):CH 
(VlII.) 


CMt2<.^0 CO 

(X.) 


(V.) 

. .In .:r.^lv nroved that the oximino -compound 

Now it lias ,j ;j vn, and that the diketonic acid 

has the constitution \ iyiity of the formation of the 

has the structure ^ ; j,,„ Jj.e bridged acid IV will be 

referred to below. n i,e untiecd that the diketoiic was 

'■ ‘1 f:! ■ i". 

obtained in tw of . appeared to be interconvertible 

stable J; Stabilities at tlm ordinary temperature were 

m solution, but the crystallised side by side; 

sufficient y similar * passed instantly into the ml 

on the otlier ban ’ * two modifications are merely 

one on jaether they bear to one another some sucli 

Lsomerides haung the re 

aSffi hyteigen peroxide both pass easily and quantitativelyunto 
fmethylaoonific acid (XI). a reaction winch eonclusivply proi e» the 
Structure X to be the correct one : 


... /0(C0.,H):CE eMe.<' 
^ -\:o CO ' ' 


.g(OOoH):ch 


“CO2H 


(X.) 


(XI.) 


DimethylaeoniUe aekl does not appear to have been preparrf 
nrS^ly but it was readily characterised by oxidation by means 
oTcdd aLline permanganate to dimethyhnalonic acid and oxak 

acid : 


CMeyCiCOoHirfCH 


CO.H 


CO, a 


CJIeyCOjH 

CO-^H 


COjH 

' CO„H 


and by the formation, on treating with water at ISOh of dimcffi;'l- 

itacoio acid (XII), which has already been 

tensed by SsemenofI (J. Bm.,Phys. Chm. boc., IbJb, 23. 
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This reaction evidently involves the movement of a double bond so 
soon as the elimination of a carboxyl group renders this possible : 

CMe2(C02H)'C(C02H):CH'C02H— V CHMe2-C(C02H):CH-C02H 
CMe2:C{C02H)-CIl2-C0,H. 

(XTI.) 

It should also be noticed that the diketonic acid, in agreement 
with its unsaturated formula (X), distils without eliminating its 
carboxyl group as carbon dioxide. This would certainly be most 
unlikely were the substance a p-keton:.c acid having formula IX. 

It will be observed that the diketonic acid (X) is quite incapable 
of change into any tautomeric modification having a bridged 
n/rfopentane nucleus. The diketonic acid is, in fact, a non-tauto- 
raeric derivative formed by the replacement of the potentially mobile 
liydrogen atom in the unsaturated form of the tautomeric parent 
'jiibstance. 

If further evidence were required of the real existence of the 
unsaturated modification (V) of the original acid, it is to be found 
in the action of ferricyanide on this substance. We were not able 
ilefinitely to identify all the oxidation products obtained by the 
iction of this reagent owing to the difficulty of separating them from 
jne another in the pure condition, but, nevertheless, succeeded in 
solating, besides a small proportion of caronic acid derived directlv 
from the bridged form (IV), a moderate quantity of dimethyh 
iconitic acid (XT) evidently derived from the unsaturated form. 
For it is clear that if the hydroxy- acid VI were an intermediate 
product, fission of the ring would give rise to dimethylcitric acid 
XIII), which would certainly not pass into dimethylaconitie acid 
inder the experimental conditions em]}loye(l : 

CMe ^ . ... ^C(OH)(CUH)-CH. 

' ^ CH, CO ' ' CUH- 

(^^F) {Xllf.j 

Ibviously, then, the formation of dimethylaconitie acid must occur 
>y direct fission of the unsaturated modification of the acid, 

CO C0,h‘ ’ 

\hilst tlie simultaneous production of caronic acid (XIV), which 
■annot but be derived from the bridged modification, 


dV,)^ ^ ' OMc.,' 

CH“ "( () 


' cH'Co.jr 


affords a remarkable example of the impossibility of interpreting 
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the reactions of these compounds on the basis of a single structural 

ii«i. 

bridged acids of the dici/dopentane series are. m some circumsUnces 
capable of reacting as though they u ere unsaturated isomendes. ^,1 
that the whole chemistry of these substances “ j 

contradictory evidence of a type which, ever 

study of the example afforded by isatin, has been of basic importance 
in the development of the conception of tautomensm 

In our instances, the tautomerisiii has an intra-aniiular character 
and it is of the utmost importance to examine carefully the cc®. 
ditions which underlie the intra-annular interchanges. It is clear 
that the transformation of the acid IV, for example, into the uii- 
saturated form, V, must involve the passage of a hydrogen atoiii 
across the cydobutane ring from position 2 to position i. ^ The most 
natural assumption tliat can be made as to the luecliamsm of this 
change would seem to be that the mobile hydrogen atom passes I, y 
way of the ketonic oxygen atom (position 3), which becomes a km, I 
of 'stepping-stone. The actual intra-annular change, therefore, 
occurs between the two enolic forms, 

(1) (2) 

(4) (:b' 

Kfdo-cnol ' ' ctinnco. 

a,' 

(XV.) 




( 4 ) ( 3 ) 

Kfl-o-fiif)) ! tliiiiii-’i", 


.(■{(’(XHl-CH 

'-(% -C-CO|H| I 

- ('H===Cd)|H] 

i[Ta-:UiriUl,ir«-'i;iTt'-'';'. 

(XVI.) 


which are obviously mere - valencv-isomerides,'* related to one 
another, and to tlie hypothetical intermediate phase shown in 
square braehets, after the manner of the various formiihie which 
have at different times been proiiosed for thiophen, 


S< 


CH-CH 

CK-CH 


/CH-CH 


s< 


CH=CH 

CH=CH’ 


and which, very probably, represent phases of an equilibrium. 

The adoption of this explanation not only greatly simplifies I he 
character of the intra-armiilar interclmnges which have to hr 
assumed, but also otiers a reasoifablc explanation of the fact that 
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in the case of the dibasic acid (I) the bridged form appears to be 
relatively more permanent than in the case of the monobasic acid 
( fV). That this is so is shown by several circumstances, for instance, 
hsr the smaller yield of caronic acid obtained from the mono- 
carboxyhc acid, and again by the fact that, as preliminary ex- 
periments have indicated, the dicarboxylic acid does not yield 
appreciable quantities of an oximino-derivative when treated with 
iiitrosyl chloride under conditions in which the oximino -compound 
of the monolansic acid is readily obtained : according to the evidence 
triven above, the oximino-compound is derived fro7U the unsaturated 
modification. Clearly the altacimient of a carboxyl group at 
position 2 would have the effect of stabilising the bridged enolic 
pjiase (X\"), since the compound is now a substituted acetoacetic 
acid, and by thus reducing the permanence of the unsaturated 
enolic phase (X\d) would favour the reactions of the bridged 
modification. 

In this connexion it is woith wliile cf)nsi(lering tlu* behaviour of 
ihe acids on reduction by sodium amalgam. Obviously either the 
bridged acid (IV) or its unsaturatod form (\') would yield the same 
di hydro -derivative (XVJi), the production of which, therefore, is 
no indication of the manner in which it is formed ; 

- CH CO “ CH, CO - ( 'Ko CO ' 

(IV.) (XVTI.) (V.) 

Xow, in a paper on the stability of bridged spiro-c()m]X\un(h (Ingold 
and Thorpe, db, 1919, 115, 320), a quantitative study of the velocity 
id reduction of the nionoearboxylic acid (1\’ or \^) to the dihydro- 
aeid {X\Mt) is recorded, and tlie velocity i.s hnmd to be of the order 
uf magnitude to be ('X]>eete(l from considerations arising directly 
out of the strained-valency hypotliesis which forms the basis of that 
paper, and fr)un(led on tlie a.ssiimption that it is the bridged form 
{1\’) wliieh undergoes reduction. Since the same would not be 
ti'ue wei'e the unsatuiated modification responsible for the pro- 
duction of the acid X\'II, we may tak(‘ this result to indicate that 
the main process occurring during tlu' reduction is the fission of 
the bridge-bond in the acid [^^ It follows that tlie dicarboxylie 
acid (I) should undti'go reduel ion considerably more readily on 
account of its more jK'rmanent bridged phase, and this is actually 
found to bo the case. Tlte dibasic clihydro-aeid (XVIII). which is 
formed more than twciny times as rapidly as its analogue (X\’[l). 
is only stable In ihe form of its salts: the.se. on treatment with 
mineral acids, yield earboji dioxide and the moindjasic reduction 
piodnet (Wi!). 'riu' existenun' of the acid Will in alkaline 
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solution 13 proved by the fact that on prolonged reduction it is 
converted, by addition of hydrogen to the ketone group, into the 
hydroxy-acid (XX), which is quite stable and exhibits no tendencv 
to pass, by loss of a carboxyl group as carbon dioxide, into the 
ultimate reduction product (XTX) of the monocarboxylic acid : 


CMe,<9(C02H)-CH-C02H 

CH CO CHn CO ^ 

I (I.) 


I {XVIII.) 

CM. /CH(C02H)'CH-CO,H 
‘ CH-OH 

(XX.) 


^ ClI— ~CO ^ CH, ( () 


(IV.) 


(XVII.) 


" OH 2 CH-OH 

(XIX.) 


On page 134 an analogy was drawn between the acids of the 
dicycZopcntane series and those remarkably stable, five-membered 
ring systems of which thiophen and furan are tjq)ical instances. 
In view of this analogy, and, indeed, the whole character of these 
acids as products derived from an inti'a -annular tautomeric system, 
similar in certain respects to the benzene nucleus, it seemed re- 
markable that Toivnnen {Annakn, 1919, 419, 212) should have 
obtained from the monocarboxylic acid (IV) and bromine a dibroino- 
additivc product, the formation of which he regarded as proof that 
the acid had a simple eyefopentone struct ure. Unfortunatelv. 
however, an estimation of the bromine content only is iiisufllcient 
in tills case to distinguish between addition and substitution, and 
Toivonen did not make a complete analysis of his dibromo-derivative. 
Had he done so, he would have at once discovered that the product 
was formed by substitution and not by addition, and that its 
empirical formula contained two atoms of hydrogen less than the 
number he assigned, Toivonen does not record his yield, but stales 
that he used sor.iewhat more than two atoms of bromine for one 
molecule of the monocarboxylic acid, and that hydrogen bromide 
was evolved towards the end of tlie proce.ss. Wo have carefully 
examined the products obtained by the action of varying quantities 
of bromine on the acid under the exact conditions employed by 
roivonen, which are in every way excellent, and we have found that 
in order to obtain a good yield of the dibromo-acid (80 per cent, of 
the theoretical of pure, twice recryf?tallised material) it is necessary 
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to employ four and not two atoms of bromine, and that when two 
atoms of bromine are used the product consists almost entirely of 
a monobromo- derivative which Toivonen failed to isolate ; further, 
although in all cases hydrogen bromide is evolved only after the 
reaction has proceeded a certain distance and the solvent employed 
has become saturated with the gas, its generation in solution takes 
place from the commencement. It seems impossible, therefore, to 
entertain the slightest doubt but that we are dealing, not with 
addition, but with a series of consecutive substitution reactions in 
agreement with the analogies to which we have been led. 

Having established these points, it seemed that the whole matter 
was sufficiently curious and interesting to warrant a more extended 
examination, and, to this end, the chloro- derivatives (which w'ere 
chosen in place of the bromine compounds in order that additive 
products, if formed, could be more easily identified by analysis 
owing to the lower atomic w'eight of chlorine) of the mono- and di- 
carboxylic acids (IV and I) were investigated, with results which 
clearly show the manner in which substitution may take place in 
such an intra-annular tautomeric system. 

Chlorination of the monocar boxy lie acid (1\') appears to take 
place more easily than broraination. In chloroform solutions at 
the oj'dinary temperature, with a moderate excess of chlorine, the 
product is a mixture, of which the di- and tri-chloro-substitution 
products of the original acid are the principal constituents, the 
former predominating. Several attempts were made, by arresting 
the process at an earlier stage, to isolate a monochloro- compound 
analogous to the monobromo- derivative described above. However, 
the solubilities in many organic solvents and in water of the mono- 
chloro-compound (see below) and of the dichloro-compound are 
veiy similar to one another and to that of the original inonocarboxylic 
acid, so that a mixture of all three substances is very difficult if not 
impossible to separate into its constituents by fractional crystallisa- 
tion. Owing to this, the monochloro-derivative could not be 
obtained in the pure condition b}' this method, but there can be 
no question but that the di- and tri-chloro-compounds are substitu- 
tion and not addition products, for not only analysis, but also a 
study of the decompositions of the substances furnished conclusive 
evidence. The monochloro -com pound is most readily prepared by 
treating the dicarbox^fiic acid (1) with the tlieoretical amount of 
chlorine in chloroform suspension, a carboxyl group being eliminated 
as carbon dioxide during the process. Witli an excess of chlorine, 
the main product is tlie trichloro-deri\^ative, whilst, if an inter- 
mediate amount be employed, a mixture is obtained from which it 
IS possible to separate the mono- and tri-chloro-compounds and an 
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internitdiate fraction which very probably contained the dichloru- 
derivative. Tliese mono-, di-, and tri-ch loro -compounds have 
respectively the following forniiilie, 

^ CH CO ■ CCl CO 

(X\I.) (XXIt.) 

,3I,,<C(C0,H).CCJ, 

' C'Cl CO ' 

(xxni.) 

as has been proved by a sUidy of their products of liydroiysis. 
The mono- and di-brotnn-dcrivatives doubtless have formube 
analogous to those of the mono- and di-chloro-com])ounds (XXL and 
XXII). 

The type of decojiiposition which these substajiees undergo on 
treatment with dilute alkalis is similar in all cases. It may he 
illustrated by reference to the monobroiuo-compound (XXVIII). 
which reacts according to the following scheme : 

CgH.OgBr - XaOH - (VHiftO. r XaBr COo. 

Although the carboxyl group present in tlu' original substanee has 
evidently been eliminated as carbon dioxide, the product, C-HjqU.,. 
which is beautifully crystalline and separates from water in large, 
welt-dcfined prisms, is strongly aeidie : it causes a vigorous evolution 
of carl)on dioxide from .sodium hydrogen carbonate and titrates 
as a monobasic acid in the presence of phenolphtlialein. For some 
time the nature of this acid remained obscure, but ultimately it was 
discovered that it gave :in intense ]’cd coloration with ferric chloride, 
an observation which rendered it immediately evident that the 
substance was the enolic form {dimethyk//dopentenolone, XX Fi) 
of dimethyk’i/c^opentanedione, and therefore the lower ring-homo- 
logue of dimethyldihydroresoreinol (XXIV), which, as is well 
known, titrates as a monobasic acid, gives a .strong ferric chloride 
reaction, and shons a remarkable teiuk'ncy to separate from wat('r 
in large and well-defined crystals. Fortunately, it is an easy 
matter to show that the acid really has the formula XX\’i. 

for Vorlilnder lias shown (/kr., ISHO, 32, 1S7<S) that dimctlni- 
dihydroresorcinot may be oxiclis(“d alino.st tjuantitati\ ely by means 
of sodium hypochlorite to (Fri-dimcthylglutaric acid (XXV) and 
chloroform. Canscquently, the e/yc/opcntanc analogue (XXVl.l 
should yield fw-dimethylsiiccinic a(!id (XXVH) and chloroform when 
treated with alkaline hypochlorite under similar conditions. .Actually 
the acid may be con\-crtc;,l by means of hypochlontc into 
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fis-dimethylsucciilic acid and chloroform in almost quantitative 
yield : 


..vf /CH2-C(OH).vr.tT — ^ p,, /OHrCO^H , 
(XXIV.j (XXV.) 


(Xaoci) CMe2<[;^^^,i 

(XXVI.) 


(xxvn.) 


-CHCI... 


riic extremely close analogy between the acid XXVf and dimethyl- 
iihydroresorcinol is yet more strikingly empha.si.sed by the behaviour 
3f the chloro-derivativcs dc-scribed below. 

The mechanism of the formation of the acid XX\T from the 
bromO'Corapound is clear : the carboxyl group has been eliminated, 
the elements of water have been added at the bridge- bond, and 
jvdrogen bromide has been eliminated : 


<C(CO,H)-CHBi- _ 

ro 

(XXVIII.) 

.CH(OH)-CHBr 

CO 

(XXXIil.) 


- CH— CO 

(xxxir.) 

“ CH,— CO 

(XX VI.) 


The eorrediiess of the eorre.sponding formula (XXI) for the 
noiiochloro-dcrivative is confirmed by the fact that it is formed 
roin the dicarboxylic acid (I) with the elimination of a carbo.w) 
rroup from the position into which the chlorine atom enters : 


“ CH CO ‘ “ 

([•) 


CMe <C(COJi)-CHCl 

“ CH CO 

(XXT.) 


■:-HCl -CO,. 


When the dichloro-eompound is treated with dilute alkalis, a 
[ecompo.sitiori takes place which is strictly analogous to that of 
ho monobromo-derivativc. The product is an acid, C-HyO,C[, 
diich titrates well and gives a colour with ferric chloride. It is 
vidently a monocliloro-derivativc of dimcthyJcyc/opcntenolone 
XX\T), and might, a priori, have either of the following fonnuha? : 

^ CHCl-CO “ CH,— CO ’ 

(XXIX, ) (XXX. } 

'ortunately, however, it is an easy matter to distinguish between 
hese formuke both by synthesis and by oxidation ; for the product 
f directly inonochlonnating dimethylryHopentenolone can only 
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have the formula XXX, ^vhiht on oxidation by allrahM hypo- 
chlorite an acid of the structure XXIX should give chloro-a,. 
dimethvlsuccinic acid, and one of the formula XXX should giv,, 
Lethylsuccinicaciditself. Actually the monochlonnation product 
of dimJthylcf/dopentenolone is isomeric, and not identical, with he 
Lbstance obtaiLd by the action of sodium hydroxide on the 
niro derivative The latter must therefore be represented bj 
formula XXII, and its product of alkaline hydielyms by the formula 
XXIX. The substance XXIX, on oxidation y yP°'^ c, 
passes, as it should, into the chloro-dcrivative XXXI of aa-di- 
methylsuccinic acid and chlorofoim . 


CJIe,<' 


C(0H):CH 


XXOCl 


rtle +CHCI3. 

^ - CHCl'COaH 

(XXXI.) 


"OHCT-CO 
(XXIX.) 

The formation of the chloro-acid XXIX, in contrast to that of 
its isomeride, XXX (see below), therelore takes place m the folloiv 
ing stages : 


OMe -> «Ie,< 


•CH-CHCl 


'CH(OH)-CH01 




CO 


''CCl CO ■ ''CCl-CO 

(XXII.) (XXXIV.) 

<C(OH):CH 
® CHCl-CO 

(XXXV.) (XXIX.) 

Alkahne hydrolysis of the trichloro-acid (XXIII) pursues a,, 
interesting course. In the cases just dealt with, it wdl be observed 
that the fot two steps (leading to the ^-—"fthe compounds 
XXXII and XXXIII in one example and XXXIV and XXXI m 
ihe other) are completely analogous, and it is therefore to be ex- 
pectod that the triehloro-compound will behave m a similar manner 
and give rise to the substances XXX\ i and (^(XXVII. The com- 
pound XXXVII may now spUt off hydrogen chloride m two wap 
fiivinv rise either to the acid XXXVIII, which is a dichloro-suhstitu- 
tion product of the parent 1 : 3-diketone, or to the compound 


XXXIX ; 


(XXIII.) 

<CH(OH)-CCl3 

UUe2%.cyQ (,Q 

(XXXVII.) 


CMc2<' 


■CH-CClj 
'CCl-CO 
(XXXVI) 




(XXXVllL) 


CO 

(XXXIX.) 
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Kow, it is obvious that these two substances are very easily 
distinguished ; for, whilst the first is a stable monobasic acid, the 
second is the tautomeric form of dichlorodimethylcydopentaione 
(XL), to which it is related just as anthranol is to anthrone : 



However, as Norris and d'iiorpe have recently shown (T., 1921, 119 
1-02), g'rm-dihalogen derivatives of dihydroresorcinol are .spontane- 
ously reduced in alkaline solution to the monohalogen compounds, 
liypochlorous acid or hypobromous acid being eliminated : 

Consequently, it is to be expected that the dichloro-derivative (XL) 
of the fiYC-carbon ring analogue of dimetliyldihydrorcsorcinol would 
behawe similarly, and, in the presence of dilute alkalis, would pass 
into the monochloro -compound (XXX) : 

(XXX.) 

.\ctually this is what occurs. The monochloro-acid (XXX) w^as 
readily identified by synthesising it from the parent substance 
fXX\I) by direct chlorination, and bv the fact that it differed 
markedly from the only other possible isomericle (XXIX), the 
constitution of which liad been definitely established (above) ' 

These reactions clearly prove that the original trichloro-acid 
(AXIU) has the constitution assigned to it, for the alternative 
foimula (XLl) requires that tlic product of livdrolysis should be 
either XLII (tautomeric with XXXVIII), which it is not, or XLIII, 
which would not undergo spontaneous reduction with alkalis, and’ 
il It did, could yield only tlie monochloro-acid (XXIX) and not the 
isomeride (XXX) aetuailv obtained • 


C.Me,<^(CO,H):CCl 

CO 

(XLI.) 




l4-> inoold, thorpk : 

“itk ”., » i.»ui. .. 

Xl.V must not be lost sight of m tlie raoantnne . 

^C(CO,H)-9HBr 

''‘-''CBi CO 

(XtiV.) 

rliseussion it will immediately be plain thal 

h-om the P'ct ^ ^ ^ji_(,i,|,„.o-deriratives of the original 

al.l».ugh the 00)00, d - an tn 

monobasic acit wme < 

!;:rr:r«%* * 

bonded formida; Xl-^ 1 


<C(CO,H)‘CBr 
^ - CH CO 


VMv.< 


ric'OoH):ai 


X'H,- 

XIA i. 


-CO 


<(d(.UHpjC!^ 
- CHCl — CO 
(Xbvn.) 


N(Av if one ado|.ts the ir^.n^rully acci'pted views relating to the 
mechanism whereby subsUtuti,.n occurs in tanbnnene systems „ 
is possible to express tin' production ot these ohlon.-aeids m tin- 
following way : 

.c(cuH);cii 

— CO ' 

pmo<WWH)’VHci 

-^CH CO 


('Me,< 


.c(COs,H);ai _ 




"o<S 


,(,1,(0,H)-CHI1 

- Ci-L CO 

.CCKCOoHl-CHOI 
*^'''^<OH('l CO 

. P,,,,<CC1(CUH)-CC1, 

1 ’ CHOI CIt 

-C(t'OJl)'CCL, 

CO ' 


l-iei. 


It will be observed that this selieiiie. whieh eonsists merely in 
alternatelv adding two atoms of chlorine and elimmating hydregni 
chloride, 'leads to orientations for the successive substifution 
products in complete accord with the facts. Tt is equally true 
although pediaps less obvious, that in order to obtain this result 
it is absolulelv essential to utilise both the l.ridged and the un- 
saturated forms of the tautomeric substances involved ; the orienta- 
tion of the halogen compounds and tlieir decompositions uUH 
alkalis therefore supply remarkably clear and convincing evidemi 
for the view tliat the whole chemistry of these siil)stance.s can m 
an adeciuate liases only in a dynamic conception of the constilum 
of the cyclic system which is their common nucleus. 
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]l is probably the bridged fonus, how{‘vcT,,\vliieh, in every case, 
are responsible for the hydrolytic decompositions brought about 
by dilute alkalis, this is abundantly clear from what precedes, 
and it is for this reason that the non- tautomeric substance 
(XXITI) and the two tautomeric substances (XXI and XXTT) 
react analogously. 

Th(‘ inij)orta]iee of the non-tautomeric trichloro-deriv''ative 
(XXIII) in connexion with the evidence for tautomerism is very 
considerable, and is similar in nature to the importance of the 
(). and X-methyl ethers of isatin in connexion with the tautomer- 
i>;in of that substance. Kor by successive* substitution by chlorine 
the potentially mobile hydrogen atom has at length h('en displaced, 
leaving a deliiiitely non-tautomeric derivative of tlie f)ridged 
lUfKlitication of (he tauloincnc [)ar{“nt-sul)staMee. The trichloro- 
luhl, therefore, is the eounterpart of (hr* eoloured (liketonic acid (X), 
which is an (a[ually definite non-tautomerie derivative of tlu* 
iiiisattirated modification of the sanu* tautonu-rie parent, 

'I lie formation of tlie.se non-tautoinej'ic compounds by llu* 
substitution of approjiriatc groups for hydrogen, in each of the 
individuals composing tlic original tautomeric systeni, taken 
together with the ac'tion of oxidising agents on tlu* ])areut acids 
and the formation of oxidation products derived from both modi- 
iications, constitutes the evidence so far adduced for the ])}umomenon 
nf intra -annular tautonK“i*ism, and the proof of the slruetures of tlu* 
(wo individuals involved. ldn' table on 144 summarises the 
]io.sit.iou. 

From tlie necessity foi' a dynaniie eonee])ti<m. it follows that no 
(•ertain conclusion.s can be drawn from tlie reactions of any of this 
series of compounds as-to which formula (‘xpresses tlie constitution 
of th(‘ .snjid substance. Thus the original monocarhoxyiie acid 
(1\ nr V) has In'cti isolated in one modilieation only, and it is 
iiiijjo.ssible to teil u lietiier the solid siibstanei* j'os.ses.ses tin* bridged 
forniula (I\ ) o)- the double-bonded formula (\’), since in solution it 
may react iji eitlier f(jrm. \\'e liave attempted, however, to obtain 
information on this poiiit by ].)reparing a hromo-acid (XLVlll). 
'vliieh, under carefully controlled conditions, might coiiceivahlv 

“ CH., CO ^ “ Cllj CO 

l-^bVI!l.} (xVl\,} 

lose hydrogen bnmiide in sueli a manner as to give rise to the un- 
known form (wliiehever it )>e) of tiie original monobasic acid. The 
hroiuo-acid (XIwMl [ ) \^ as to be obtained by hrominating the c yc/o- 
'Oitaiu' acid (X^dll, but. unfortunately, the monobrnmination 
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nroduct was a mixture of two isomeric monobromo-acids, neither 
of which appeared to possess any tendency to pass, by elimination 
of hydrogen bromide, either into the expected mono carboxylic acid 
or into any other recognisable product, It seems probable that 
these two bromo-acids arc ci.9- and ^m^s-isomerides having the 
constitution XLIX, but their products of hydrolysis and of oxidation 
were intractable syrups the nature of which could not be ascertained. 

Finally, it is necessary to mention a curious point which has 
arisen in connexion with chlorodimethylsuccinic acid (XXXI) 
referred to on p. 140. This substance, when crystallised from 
concentrated hydrochloric acid, does not separate in the free state 
hut in the form of its anhydride, ^vhich w as at first assumed to have 
the formula (L). The fact that it causes an effervescence with 
sodium hydrogen carbonate was explained by assuming that the 
dilute alkali immediately broke the anhydride ring, liberating the 
free dibasic acid. Further investigation showed, however, that a 
solution of the anhydride in water titrated, not as a dibasic acid, 
but as a monobasic acid, and, moreover, that it gave a pronounced 
crimson coloration witli ferric chloride. These results prove that 
the substance is not a true anhydride but a hydroxy- anhydride ” 
(LI), similar in certain respects to glutaconic hydroxy-anhydride 


(L.) (LI.) (Lir.) 

(LII), which also titrates as a monobasic acid ajid gives a coloration 
with ferric chloride, ^o far as w^e are aw^are, how'ever, chlorodi- 
methylsuccinic acid is the first example of a saturated dibasic acid 
which gives rise (o a hydroxy-anhydride on dehydration. 

It is proposed to deal in future communications with the suppres- 
sion of tautomerism by substitution and its manifestation in other 
cyclic systems, for instance, in compounds of the terpene and 
camphor series. 

E X r E R I M E X T A L. 

(A) Preparation of 5 : o-Diniefhi^Idlcyvhpcntan-S-oneA-carboxyJic 
Acid (IV or Y) from i) : o-])im(.(lu/tdicyi:lopcntan-Z’One-l : 2- 
dicarboxylic Acid (I or II). 

When the dicarboxvlic acid is heated above its melting point 
without the addition cf a solvent, a considerable amount of charring 
takes place, and although large amounts of carbon dioxide are 

* Substances showing iutra-anuular tautomerism are designated by the 
names of their bridged modifications* 


CMeg-CO^Q 


CMe,-CO^Q 

cci:c(OH) 


CO-.. 

^^CH:C{OHr 
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evolved the yield of rnonoearboNylie acid is poor. If, however, ih,. 
dibasic Icid is heated in dry naphthalene, the elimination of carhu,, 
dioxide proceeds smoothly and the yield of monobasic acid is alnioM 
quantitative. 

One i^ram of the dibasic acid was heated with dry naphthalene' 
{') gratn“ ) for six hours at 200-:210=. The product was triturated 
with aqueous sodium carbonate solution, fnnii which the monobasic 
acid {m. p. 180°) was extracted by mcai\s of ether after acidifieatifm 
by liydroebloric acid. 


(H) Oxkfailo}) <>[ o : .vybbcr///yyhiicvelo/iCJf/f^>^-:bf>;;e-l-f(0•/to.r;//,r 
l^•/V (IV 0 /' \'] l>ii /w'/v fV//foof/e .• Format l</)i of trans-CV/ro/ijr 
u-iti (XlVl. ■r/.-ihw<l!inl-iam}lir Arid (\I). and other SuL 

(f/) The monoba.de acid (2-(i grains) was hlLssolved in a solution oj' 
l)otas.sium caTbonate {'l-M grams) in water (20 e c.), and treated at 
40^^ with .successive portions of a solutiftn olftained by dissolving 
potassium ferricyanide {mr:> grams) and iiotassiuin carbonate 
(11-7 irrams) li\ water. The total puanlity of feirieyanidc added 
durint; a period of ti\e days corres])onded with three atoms of 
available oxygen. The solution was eooh'd, aeidibed by means 
of liydroebloric acid, and extracted exliaustivfdy with (4 her: the 
solid residue, wliioh resisted all atleiiqds to separate it into it^ 
<<o!istituents by fractional crystallisation, was dissolvf'd m an excess 
of aminoniaaiul the solution evajioratcd. Tlu' mixture of ammoiiiuin 
salts, although fully crystalline w lu'ii dry. was '.cry bygroseo])ic and 
had to b(‘ desiccated for several days bcfoi'c it was obtained in a 
condition satisfactory for scjiaration l)y anhydrous solvents. 

On triturating tlu' mixture with warm absolute <'tbyi alcohol, a 
large amount passed into solution. Tin* insoluble iiortion provid 
to be t}i(‘ ammonium salt of //ro/s-caronic acid, wliicli, when lilieratcd 
in the usual way and crystallised once from watf'r, bad the eurrect 
melting point. It was identitied by direct comparison with an 
authentic specimen. 1)\ a mixed-melting point df'tennination, and 
by coti version into tercliic acid. 

'The soluble ammonium salts wf'tv partly pi'eci[dtated ])y addin'; 
ether. The pivadjhtated ])ortion yielded a mixi uia' of acids, most ei 
which was solnblf' m a few drojis of water. On tillering, evaporatin;; 
to drvness, and cry.stallisiug the residue several times from benzene. 
aiihydro-'x%-dime(h>jlarondk arid (see l>clnw) was obtained in a pure 
condition. 

From the ammonium salt which leniained in the ethereal solu- 
tion an acid inciting at about ‘17D was isolated, hut it could 
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not be completely jmrifmd and its, ii\v(^stigali(jn wa.s ultimately 

abandoned. 

(6) The monobasic acid (4'r> grams) was dissoh ecl in just sufficient 
potassium carbonate solution, and was treated with a solution 
prepared by dissolving i)otassiuni ferricyanide {38*4 grams, corre- 
^iponding with two atoms of available oxygen) and potassium 
carbonate {16*1 grams) in 150 c.c. of water. The reaetion mixture 
was heated on a steam -bath for eight liours, after which the evolution 
of carbon dioxide, due to gradual neutralisation of the earbonate, 
ha(i ceased and the solution liad turned yellow. The product was 
;Kuditied bv adding ('xeess ot hydroelilorie acid, and ex1ract(‘d 
oxhaustiv(‘ly by means of ether; the exlraet, on eva])oration. 
yielded a white, ervstalHne solid ermtaining adniixt-d gummy 
material. The (-I'lidt* mixture was j'uhhed with a little (-old water. 
Miul tile uudissolved portion, which consistyd of uneliangt'd mono- 
hasie acid, was eolh'cti'd. It weighed 1-4 grams after r<‘crystallisa- 
tion. The filtrate was evajiorated to dryne.ss, and the re.sidiie 
thoroughly dried in an ev a mated desiccator ami extracted .several 
times with lioiling benzene, from whieli anhf/dro-'xy.-diiiif'thi/lftconiftr 
ere/ separated on cooling (0-8 gram). 

The portion wliich did not dissolve in lienzene oon.sisted of a 
brown gum containing a moderate amount of erystalline material, 
which was .separated by taking advantagi' of its insolubility in 
acetoiie. By crystallisation from a mixture of methyl aleoliol and 
benzene, it was obtained as a minutely erystalline powder wliieh 
itielted with decomposition at 154\ it was found to be insolulile 
in benzene, ether, or acetone, but very solubl!' in water or methyl 
aleoliol. Unfortunately, the (plant ily was in.sul’jicieiit for analysis. 

The characterisation of aiiliydro-x^c-dinudhylaeonitic acid, which 
has not pi'eviously bfam prepai'cd. is (h'sci ibed on ])p. 14fl, 150. 


((') of Xitros!/! ('Jiloridi on .■):.V/;//rn7/yvMicyclopeR/uR-:)- 

(ui('A<arbox(jlic Acid (IV or V) .■ Fonnaliou of 4-Ojimiiio- 
5 '.o-dimfthyl-^^-cychpditenA-onfA-carho.rulic Add (VIll). and 
'2 : •id)ichloro-o : o-di uo (Jn/hVicxvlojH nlo n A -rarfiO.ruJir Add 

(XXU). 

The (/bv/r/ojientaiK' acid was suspended in dry chloroform and a 
euiTcnt of dry nitrosyl chloride, derived from “ cliambcr crystals. “ 
was passed througli until the solvent was saturated, the temperature 
being maintained bid ween - 10' and —o’, The temperature was 
then allowed to rise gradually to that of the room during about 
four hours, after whieli the pale yellow . erystalline jireeipitate was 
eolleeted and washcai with ebloi-(dorm. 
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On evaporation at room temperature, the filtrate deposited a 
crystalline solid which, after recrystallisation several times from 
chloroform and precipitation from aqueous solution by the addition 
of acetic acid, was obtained in the pure condition and was identified 
as the dichloro-acid described on p. 155. 


4 ■ Oxim i no ■ 5 : 5-di m ethyl- A ^-oycl open ten-2-one- 1 -carboxylic 
Acid {VIII). 

The yellow precipitate consisted almost entirely of this oximino- 
acid, which was obtained in the pure condition by cryatallisation 
from boiling water as stout, yellow prisms. The yield was 70—7') 
per cent, of the theoretical. 

The acid separated from chlorofonu in minute, pale yellowy silky 
prisms. Although compai'ati\'ely faintly coloured in the solid state 
and in solution, it gave intensely yedlow solutions in aqueous alkalis. 
It darkened at 200—205° and rapidly decomposed at 205° (Found : 
C — 52-7 ; H — oT. C 8 Hrj 04 N requires C — o2’5; H = 4’9 per 
cent.). 


5 : ^-Dimethyl-liA-cyclopentene-^ ■A-dione-l-carboxylk Acid (X). 

(Red and orange modifications.) 

The oximino'compouiid (5 grams) was warmed with 40 per cent, 
formaldehyde (20 grams) and excess of concentrated hydrochloric 
acid until, in the course of a few minutes, a clear and deeply orange- 
coloured solution was obtained. This was cooled and extracted 
repeatedly with ether. On evaporating the other and residua! 
formaldehyde, 4 grains of an intensely coloured, bluish-crimson 
solid remained, from uhich either of the two modifications could ho 
obtained at will, according to the manner of recrystallising. The 
bluish-red form was best olfiaineci by cooling a hot concentrated 
solution in benzene, and the orange modification by slow evaporation 
of a benzene solution saturated at room toinperature. 

Both forms crystallised in small, flattened prisms, the orange 
prisms usually being the larger. The I'cd dikelone melted at 145^: 
the orange form g'assed into the red form at about 117°. Xo factor 
determining the formation of the two modifications, other than rate 
of crystallisation, eouid be discovered, and their chemical identity 
appeared to be complete (Found : C = oTm: H = 4>8. CgHgd^ 
requires C ^ 57*2 : li = 4>8 per cent,}. 



the chemistrv of polycyclic steuctures, etc. part ir. 149 

fomatioi of oLa-Dimeih ;/J-(iconitic Acid (XI) , and Us Anhydro^acid by 
Oxidation of the lied and Orange Modifications of the Diketone 
by means of Alkaline Hydrogen Peroxide. 

Two grams of cither modification of the diketone were dissolved 
in a slight excess of aqueous sodium carbonate solution and treated 
with I ‘7 per cent, hydrogen peroxide at the ordinary temperature. 
The colour of the solution rapidly became paler, and when, after 
a quantity of hydrogen peroxide equivalent to one atom of available 
oxygen had been added during the course of about five minutes, the 
solution was completely decolorised, it was rendered acid by means 
of hydrochloric acid and extracted repeatedly with ether. The 
colourless, crystalline solid which remained on evaporating the 
ether was found to be partly soluble and partly insoluble in boiling 
benzene. 

txX’Dimeihjlaconiiic Acid (XI). 

The solid insoluble in boiling benzene was further purified by 
twice precipitating from solution in dry ether by adding light 
petroleum, and wa.s thus obtained as a micro-crystalline acid, which 
melted at 138"^ with evolution of steam, giving a clear liquid. The 
acid, which was extremely solid )le in water and moderately so in 
ether, was proved to have the constitution assigned to it by oxidation 
by alkaline permanganate, and by conversion into teracoriic acid 
(below) (Found : T 47-5; H ^ 5-0. requires C = 47-5; 

H — ,7-0 per cent. By titration 4/ — 202. Calc., M ~ 202). 
The same acid was obtained l)y liydration of the anhydro-acid 
(below.) 

A nhydro ■'xix-dinieihylaconilic Acid, 

CO'O'CO C(CO,H)---CH* 

CMcj'ClCH'COoH C-Me^-CO-O-CO ' 

The acid which dissolved in boiling benzene was deposited on 
concentrating tin' solution and cooling as flattened, feathery needles, 
m. p. 148°. These, when iivshly prepared, contained benzene of 
crystallisation, which wms gradually given oft in an evacuated 
desiccator, the crystals becoming opaque and readily friable (Found : 
C — o2'2; H = 4-5, requires 0 = 52*2; H = 4'4 per 

cent. On titration with 0'02G4 X- barium hydroxide, the acid 
behaved as though it were tribasic : J/ = 186, Calc,, M ~ 184). 

A third anhydro-acid ir possible. However, it follows from the mode of 
formation of the dimethylaconitic acid tlmt the modilicafioii isolated is that 
m which the two carboxyl groups adjacent to tlie imsaturated linking are in 
fean.'j-positions relative to each other. Such an acid can give only two 
s^ydro-acida without change of ctndig oral ion. 
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The anhydro-acid was readily converted into the tribasic acid 
(above) by dissolving in hot alkalis, cooling, acidifying, and extract* 
ing by means of ether. 

The anhydro-acid obtained by oxidising diioethyldfcyc^opcn- 
tanonccarboxylic acid by means of alkaline ferricyanide (pp. 146, 
147) was in every way identical {Found : C -= o2-‘l ; H — 4‘o per 
cent.) and yielded the same tribasic acid. 

Oxidation of oiy.-Dim(‘ihylaconitic Add by nieaus of Cold Alkali )ii> 
Permanganate. : Fonnaiion of DimeikyJnmlovic Acid and Oxalic 
Acid. 

The acid (0*5 gram) was dissolved in a slight excess of aqueous 
.sodium carbonate, and the solution diluted to 00 c.c. and cooled to 
0^^. A neutral solution containing 3 per cent, of potassium perman- 
ganate was then run in slowly while a ra])id stream of carboti 
dioxide was passed through the alkaline li(iuid, The colour of the 
permanganate became permanent after the addition of an amount 
eorresponding with one atom of available oxygen, and therefore a 
further quantity, corresponding with three atoms of oxygen, was 
gradually added, and the solution allowed to remain at room 
temperature for sixteen hours, after which deoolorisation wh.s 
complete. The solution was boiled and filtered, and the prcci- 
jutated oxides of manganese extracted twice with boiling water. 
The aqueous solutions were eoiubiued and concentrated, then 
neutralised by means t)f concentrated hydrochioi-ic acid, and 
rendered alkaline witli ammonia. After boiling, a solution of 
calcium chloride was added, and the precipitate of (jalcium oxalate 
was collected and identifiod l)y the usual inothocls. The filtrate 
was strongly acidified and extracted ti\'e times with ether. 


Dimefkylmahnic Arid, CMcq(CO^H)^. 

The extract, on evaporation to a small bulk, deposited 0‘3 gram 
of a colourless acid cry.stallising in well-defined, bevelled prisms. 
After rccrystallisatiun from water, the acid melted at 189"^. It wa.< 
identified as dimethylmalonic acid l^y its characteristic erystallinr 
form, melting point, and emj)jrical composition (Found : C ^ 45-4: 
H ^ 6T, Cak',, -C ■ 4o‘4 ; H. — b'L per cent.). 

Formation of Teraccnic Acid {DimPthyUfaconic Acid, XII) frow 
Diniethylaronitic Acid by Heating with Wafer. 

Dimethylacomtic acid (I gram) was heated with a small quantity 
of water in a sealed tube at 18(F fbr one hour. On cooling, long, 
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colourless prisms separated. After reerystallisatiori from water, 
these melted, when slowly lieated, at 154—156®, but when heated 
rapidly, above 160®. The yield was rather small, and although 
several attempts were made, it could not be improved. The 
properties of the acid agreed closely with the description of teraconic 
jicicl (dimethylitaconic acid) given })y S.semenoff {J. Russ. Pkys. 
Chm. Soc., 1898, 23, 430), and we do not doubt its identity. L’n- 
foriuiiately, however, an attempt which was made to bring about 
its conversion into terebie acid l)y heating with moderately con- 
centrated sulphuric acid did 7iot [>roce(‘d Avell, and we were unable 
to repeat the experiment for lack of material (Found : — 53T ; 

II (v4. F-H^o ()4 requires C 53- 1 ; II ^ 6-4 per cent.). 

(D) l{(:diu:iioii of 5 : 5-Dimeihyk]n:y(^i)p(oifa ii : 'I dlcarboxylic 
Acid by Sodium. Amalgam : Formation of 5 : o-DimdhjhycAo- 
pcnlan-'^-om-l-carboxylic Add (XMl) and .1 : o-DimAkylayiAo- 
pc /t - 3 - oM : 2 -di ca rbo.ry] ic A c id { X X. ) . 

The jri'imary reduction product of dimethy]r//>y(:/f)})eutanonedi- 
carboxylic acid is dimcthylcyc/opontanonedicarboxylic acid, whicli 
on liberation from its salts loses a carboxyl group as carbon dioxid(' 
;md gives the kctonic monobasic acid. This, on further reduction, 
vields the monobasic hydroxy-acid, but if the original dibasic acid 
be reduced with excess of amalgam in a solution wliicli is allowed to 
remain alkaline ihi'ougliout the [wocess, no elimination of a carboxyl 
group occurs, and llu; product is the cy(7o})entane dibasic hydroxy- 
acid. 


: oAJimrfhykyAopcoda n-[]-on( - \ -cff )h(>.cy( ir Add (XVll). 

5 : <)-DimetliyIf/^c//c/o])etitan-3-oiK'- 1 : --diearboxylic acid (4 
grain.s) was dis.'^olvcd in a slight exc('ss of aqueous sodium carbonate 
sfilution, and the solutioji, diluted to 00 c.c,, was saturated v.illi 
carbon dioxide and cooled until about tJio half wa.s frozen. Tlic 
sodium amalgam (60 grams of 3 pw cent.) was tlicii added, and the 
iiiixture shaken continuously lor lialf an hour while a current of 
carbon dioxide wa.s passed and the tem])orature was maintained at 
the freezing point. The aqueous solution was liitered, aciditied, 
and, after the brisk effervescence liad .subsided, rendered alkaline 
witli ammonia and boiled. On adding a solution of barium chloride, 
any unchanged dimeihy](ffc/yr/opentanonedicarl)oxylic acid was 
precipitated as its insoluble barium salt along witli a certain quantity 
of barium carbonate, The tiitered .solution, on concentration, 
acidification by means of hydrochloric acid, and extraction with 
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ether yielded 2-4 grams of a colourless syrup, which, when touched 
with k glass rod, completely solidified to a erystalUne mass melting, 
without purification, at 100-103”. The substance, which separated 
from water in long, slender prisms, m. p. 103 was identified as 

dimethylcj/ctopentanonecarhoxylic acid by analyasis (Found. 0 = 

62'0- H-7-9. Calc., C = G1'5; H = 7-7 per cent.), by ns 
melting point, by the melting point of its semicarbazone (21o ), and 
by direct coin pari bo n \vilh a genuine specimen. 

5 ; o-DimetJiyhyclopenian-o-oJ-l : 2-dicarboxylic Acid (XX). 

5 * 5-DimethyWicyciopentan-3-one-l : 2-dicarboxylic acid (5 
grams) was dissolved in a slight excess of sodium carbonate solution 
in a shallow, flat-bottomed dish. A stream of carbon dioxide was 
bubbled continuously through the solution, and 10 grams of 3 per 
cent sodium amalgam were added every half hour for twelve hours. 
The aqueous solution was then separated, rendered acid by mcari.s 
of hydrochloric acid, and extracted rejieatedly with ether. By thi.< 
means a good yield of a colourlc.ss acid was obtained, wBich, after 
recrystallisation from water, melted at 206° [Found: C-53-9; 
pj _ 7 - 1 ^ C 9 lii 405 reeplires C — 53'4; H — 6 9 per cent. By 
titration : M (dibasic) — 204. Calc., 21 — 202]. 

(E) Halogenation of 5 ; 5-i)i;;ic//^yhbcyclopea/aM-3-one-l-car6orylit 
Acid and 5 ; S-Dmethyldicychpentan-^^oneA : 2-dicarboxylic 
Acid: Forjnadon of the 2-Bromo-, 2 -A-Dibromo-, 2-Chloro-, 
2 : ^-Dichloro-, and 2:2: d-Trichloro-subditulion Products oj 
5 : o-Dimethyldicyclopcnian-o-one-l'Carboxylic Acid. 

Note on the Bromlmtion of ike Monobasic The following 

experiments were conducted in order to ascertain wdicther the 
bromination process was one of substitution or of addition. 

5:5.DimethyW/:c^clopentan-3-onc.l-carboxylic acid (1 mol.) was 
dissolved in chloroform, and a chloroform solution containing 
exactly two atomic proportions of bromine w’as added drop by drop, 
the mixture being kept at room temperature and shaken continu- 
ously during the addition. HyLhogen bromide was evolved during 
the later stages of the reaction, or, if a small amount of solvent were 
used, soon after the commencement. The generation of hydrogen 
bromide in solution took place from the lieginning, and appeared to 
catalyse the process, for the colour of the iirst few drops of bromine 
solution disappeared only after several minutes, whilst in the later 
stages decolorisation was much more rapid. The resulting solu- 
tion, W'hich was almost colourless, was evaporated by leading it 
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an open basin in a strong draught. During this process further 
large quantities of hydrogen bromide were expelled, and there 
remained a white, crystalline cake, wliich, after keeping for some 
few hours in an evacuated desiccator over potassium hydroxide, 
was weighed, thoroughly ground in a mortar, and analysed. Three 
brominations, conducted in this way, gave the following figures : 


First experiment 

Grams of acid 
brorninated. 

2 

Crams of 
product. 
2-95 

Bromine 
per cent. 
33-6 

Second „ 


2-92 

33-7 

Third „ 


2-90 

33-2 

fheoTCtical remUs : 

(a) Assuming substitution to 

occur 

3 ‘02 

34-3 

(6) Assuming addition 



4 ‘08 

.'51‘0 


Similar experiments were carried out W’ith four atomic propor- 
ions of bromine in place of tw'o. As before, much hydrogen 
jromide was generated, and a w^hite, crystalline mass wrs obtained, 
vhich was thoroughly ground before samphng for analysis. The 


•csults were as follows : 

Grams of acid Crams of Bromine 
broininated. product. per cent. 

Fourth experiment 2 3-92 47-1 

Fifth „ ,, 3 .O 0 49- S 

''licoretical r6stdts : 

{a) Assuming substitution to occur 4-0o ijl’S 

(6) Assuming addition of two atoms and 

substitution of two atoms G-13 G7-8 


: 5-di/nefhi/ldieyc\opentan-3-one-\‘C(rrbox}jlic Acid 
(XXVIIT), 

The products of the first, second, and third experiments consisted 
ilmost entirely of this bromo-acid, whiclt wns obtained in the pure 
jonditioii bj- crystallisation from benzene, or by precipitation bv 
means of water from a solution in acetic acid. It separated in 
Jtout needles or in leaflets, m. p, 154-155^ (Found: 41-6; 

P 3-9; Er == 33’S. CgH^O.^Br requires C = 41-2 ; H = 3*9; 
pr = 34*3 per cent.). The act ion of dilute alkalis on this substance 
i described in section F. 

2: i-Dihromo-C) : i)'dnnf ilu/ldicrchpaifan-^-OHe-l-carboxuUc Acid 
'(XLIV), 

1 he crude products of the fourth and fifth experiments (above) 
,aTe, on precipitation by means 0 / w'nter from a solution in acetic 
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acid, the pure dibromo-ackl in 80 per cent, yield. It crystallked 
in lustrous leaflets, m, p. 164° (round: C = 3M; 2'7; 

Br — 51’4. CjjHgO.iBr^ requires C -=- 30'8 ; H = 2'C; Br ^ Td-;] 
per cent.). 

Sote OH the Cklorhiafion of thr Mono- and Di-basic Acids,..^ 
Experiments Avere made uith the object of successively mono- and 
di-chlorinating the monobasic acid by methods similar to the 
mono- and di-bromination processes described above; but, unfoi-. 
timately, oving to the slight solubility of the acid in the usual 
organic solvents, the readily soluble, lower halogen derivatives wen; 
converted into more highly ciilorinated products before the whole 
of the original acid had passed into solution. The mixtures of 
elilorinatiou products proved exceedingly diflicult to separate into 
their eonstiluents, and no siweinicn of undoubtedly pure mono- 
ehloro-acid was obtained, ddns acid was, however, prepared in 
small amount from the dibasic aeid {which loses a carboxyl grouj) 
carbon dioxide on chlorination) by means of a strictly limited 
(piantity of cbloi’ii\c. 

Similar difficulties were encountered in an endeavour to isolate 
the diehlorn-acid from the products of clilorination of the dibasic 
acid; for, when the correct amoimt of (‘hlorine was empioyeil. 
mixtures mttc obtained from which a certain quantity of uiiclianml 
dibasic acid and the trichloro-dcrivativc of the monobasic acid 
were somewhat easily .separated. The residual nnxture resisted 
repeated attcm])ts to separate it by fractional crystallisation, and. 
although it almost certainly contained the monochloro-comjxjutid, 
the presence or absence of notable (|uantiti(‘s of the dichlnro-acid 
could not definit(dy be as(>ertain('((, 


'1-Chlow-b : oMitta thiiId\(^\v\oiHitinti-'.]-()tif A-cat'hoxyJi(‘ Acid (.\X1), 

This acid was prepared by passii^g chlorine (1 mol.) through a 
susjK'iision of d ; • --dicarboxylic 

acid in chiorofortn, or by >hakiiig the acid witli the calculated 
quantity of a chloroform solution of chlorine. Most of the original 
acid (but not all) pass(‘d Jido solution, and carbon dioxide wa- 
generated, Thr solution having been filtered, llic solvent evaponited. 
and the solid oa^sidue waslied witli a little water, a product was 
obtained which, after fractional crystallisation from bcnwiic. 
yielded colourless, slender ])risms, m, p. 1S3X This consistol 
of 2-chk)ro-d ; d-dimetliylf/kyrfopentan-3-one- 1 -carboxylic ariil 
(Koiuul: ('.-.XcO: H ■ 4-7 : ('! - Ihd). (',H,,()/’l rn|imv- 

(' --dOdf: H- 4 8: Cl • 1 8', S per cent.). 
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* ^-Dichloro-^j : o-dimeihyl^\Qy<ii<:)peritan'^~ORe,‘\-carhoxylio Acid 

(XXT[). 

This acid, which was first obtained as a i)y-product in the prepara- 
tion of the oximino-dcrivative by the action of nitrosyl chloride on 
iliiiiethyWicyc/opentanonecarboxylic acid, was subsequently pre- 
pared by the following more convenient process. 

The monocarboxylic acid was suspended in chloroform and 
treated with a stream of dry chlorine until a clear solution was 
of)tained. The current of gas was then stopped and the solution 
k<‘pt ill a cool place for several hours, in the course of which long, 
silky needles separated. These were collected and recry.stallised 
first from benzene, then from dilute acetic acid, and finally from 
benzene. The pure substance formed colourless prisms, m. p. 
]7:]„174=' (Found: 0-42-85; H-S-fi; Cl - .S2-1. C 8 Hg 03 Cl 2 
rc<|uires ( ' - 48-0; H — d-ti; 01 — .‘U-8 per cent.}. 

The hydrolysis of this substance by dilute alkalis is described in 
stvtinn V. 


2:2: i-Trichloro-i) : i)-(li)(i(fhj/]dicyQ\oppntan-Z-onf!-\-rarboxijUc 

Acid'iXXlU]. 

The triehloro-acid was obtained as a more soluble by-product in 
the preparation of the dich loro-acid (above), but was more con- 
veniently prepared l)y passing a large e.xcess of chlorine through a 
suspension of dimethylr/Zn/e/opentanonedicarboxylic acid in dry 
chloroform. During the jiroccss, tln^ acid, which is only sparingly 
soluble in chloroform, gradually dissolved. Three hours after 
dissolution was eojnplete the solvent was e^^aporated in a current 
of air, and the solid I’esidue washed with water, dried on porous 
porcelain, and crystallised from light p('troleuin (b. p. 60 — TOy. 
The pure trichloro-acid separated in eolonrless. rhombnida! plates, 
m, ]). 127^ (Found: 0 — 860: H 28; 01 — 40-9. O^H-O/T^ 
requires 0 -- 37-3; H — 2-7 ; ('1 — 41-3 per cent.). 

I he decompositions which this substance undergoes in the presein-e 
itf dilute alkalis is deserihed in section F. 

(F) Action of Dilute on the '2 : ^-DichJoro-, and 

2:2: 4-Trl('hhro-dcricalire.>’ of 5 ; 5-7b'/rn//^///(licyclope»/n»-3- 
oii(-[-carbo.riilic Acid: Fortnafion of 7) : o-DimetJnjl-l^-cyoh- 
juoden-i'oJ-o-one and i/s 2-('hJorO' and i-('hloro~suhsiitution 
Froducf.s. 

Method of HtfdfoJjiFis. -The halogen derivative was boiled for a 
short time (one hour in the ease (4 the elilnro-eom])ounds. and two 
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hours in the case of the bromo-acid) with 4 molecules of 5 per cent, 
aqueous potassium hydroxide, and the deeply coloured liquid, which . 
while hot, had a strong ketonic odour, was cooled and extracted 
twice with ether, which removed the substance having the odour. 
The alkaline liquid, on acidification, evolved carbon dioxide, and, 
on extraction with ether, yielded the cyriopentenolone derivative. 


5 : f)~Dmelhyl-^'^-(iyGlo})enienA-ol-Z’One (XXVI). 

Crude dimetliyicyciopenienolone was obtained from 2-bron:o- 
5 ; 5-dimethyWicyc?opcntan-3-one-l-carhoxylic acid as an oil which 
quickly solidified, and was easily freed from some oily impurities by 
triturating with a mixture of dry ether and light petroleum (2 : 1 by 
volume), in Avhich the crystals remained undissolvcd. The solid 
obtained in this way was almost colourless, and, when crystallis'd 
from ether, yielded large, well-formed prisms, m. p. 97°. 

The substance proved to be a bromine-free, monobasic acid, whicli 
liberated earbon dioxide from sodium hydrogen carbonate and gave 
an intense red coloration with aqueous- alcoholic ferric chloride, {t 
readily dissolved in warm water, henxeiie, or ether, and crystallised 
from a concentrated aqueous solution in large, well-defined, colour- 
less prisms [Found : C OG'8 ; H --- 7*9. requires 

C — 6tv7 ; H -- 7-9 per cent, By titration : M (monobasic) = 12(1. 
Calc., M " 120]. 


i-Chloro-i} : 3-dimethJl^''■^cyc]open(enA■olZ^onG (XXIX), 

This substance was obtained by the action of o per cent, aqucom 
potassium hydroxide on 2 : 4-dioliloro-o ; o-dimethyIdicych)pentan- 
3-one-l -carboxylic acid. The crude product of the hydrolysis 
(1*25 grams of an impure solid from 2 '2 grams of the original di- 
chloro-acid) wa.s redissolved in sulncient ether, to which was then 
added half its volume of light petroleum. On keeping the solution 
at 0° for some time, tiie pure elilorodimethylcycfopentenoloiK* 
crystallised iu well-developed ].u'isms, m. p. 122°, The yield wa^ 
50 per cent, of the theoretical. 

The substance contained chlorine, and was strongly acidic, 
titrating as a monobasic acid, With ferric chloride in aqueous- 
alcoholic solution it yielded an intense red coloration. It was easily 
soluble in organic solvents (excepting light petroleum) and in water 
[Found: C = o24; Cl = 22'2. CjH^O.Cl require< 

C = 52'3 ; H--6'7; Cl — 22’1 per cent. By titration: .V 
(monobasic) - 159-6, Calc,, .1/ l()0-5]. 
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^l-Chloro-o : o-dimethyl-iS^-GycloperUen-l’Ol-Z-one (XXX). 

The crude product obtained from the trichloro- derivative of 
j • 5 .dimethyldJC?/cZopentanonccarboxylic acid (see general method, 
above) was washed with dry ether and crystallised from boiling 
water, from which it separated in colourless needles, m. p. 213'*. 

Tliis substance gave an intense red coloration with aqueous- 
alcoholic ferric chloride, and was strongly acidic in character, titrating 
(luite sharply as a monobasic acid [Found: 0 = 52-2; H = 5-65; 
(1.= 21-9. COHgOaCl requires C = 52-3 ; H = 5-65 ; Cl = 22-1 per 
cent. By titration, ilf (monobasic) = 158-5. Calc., d/ ^ 160-5]. 

The formation of this substance by chlorination of dimethyl- 
c.ycZopentenolone is mentioned on p. 158. 

Oxidation of 5 : o^Dwiethyl-^^-cyclopmien-l-ol-S-one by means of 
Alkulijie HypocMoriic : Formation of {\i-DimetkyUuccinic Acid 
and Chloroform . 

The diinethylcyc7oijentcnolune was dissolved in a little aqueous 
potassium hydroxide and the solution added gradually and with 
continuous stirring to an alkaline solution of sodium hypochlorite 
(3-5 mols.) which was kept nmanwlnle at 0°. After half an hour, 
the separation of chloroform was complete, and the solution was 
acidified with hyrh’ochloric acid and extracted with ether. The 
residue obtained on evaporating the ether quickly sohdified, and 
was crystallised by dissolving it in a small amount of water and 
saturating the solution at 0^ with hydrogen chloride. It separated 
in colourless prisms w^hich melted at 140^, and w’as identified as 
rt'i-dimethylsuccinic acid by a mixed- melting point determination 
with an authentic specimen and by analysis (Found: C = 49-4; 
H = 6-6. Calc., C = 49-3; H = 6-S per cent.). The yield was 
almost quantitative. 

Oxidation of i-Chloro-o : 5-dimefkyl-l^-cy(Aopen(enA-ol-^-onc by 
■means of Alkaline Hypochlorite : For)Ha{ion of ChJoro-as-di- 
meihylsucciuic Acid and Chloroform. 

This oxidation was conducted like the preceding and with similar 
results, chloroform separating out, as is usual in this tyqre of reaction. 
The solid acid extracted by ether wus contaminated with some 
gummy substance, and had to lie purified by draining on porous 
porcelain and precipitation from its solution in benzene by means of 
light petroleum before it could be satisfactorily crystallised by 
dissolving it in water and saturating the w^ell -cooled solution with 
hydrogen chloride. 
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I.kH 


Chloro-m-diifiiihjlsucciii ic Idydroxyanhydridc ( Li). 

The pure substance took the form of a colourless, coarsely crystal- 
line powder, melting at 140^ and readily soluble in water, benzene, 
{■hlorofonn, ethyl acetate, or dry ether. It dissolved readily in 
aqueous sodium hydrogen carbonate solution with effervescence, 
and contained chlorine, and was thought at first to be the expected 
ehlorodimethylsuccinic acid ; i)ut an analysis showed that it was 
actually the anhydride of this substance {Found: C--44‘!tl; 
H 4-2“) . UgH.OgCl rcipiiros (I -- 44-84; H 4-84 per cent,). 
The liberation of carbon dioxide from a bicarbonate was evidenth- 
not due to the fission of the anhydride ring, since the substance, 
when dissolved in water, titrated as a monohasic (not a dibasic) 
acid. i\loreover, it .gave a deej) red colour with ferric chloride, a 
reaction shown by tlie hydroxy-anhydrides of the glutaconic acid 
scries. 


ronnaiion of 'l-Ch!oro-o : o-dd mcfliyl ■ ^^-vyclopeutcn-l-ol-'i-OHe, hij 

Direct Chlorination of 5 : o-DimethyC^.^'Cydopenten-l-ol-'i-one. 

Dimethyln/clopentenolone (0-2 gi-aiu) was dissolved in 2 e.(‘. nf 
a 5 per cent, atpieous solution of ])otassiuin hydroxide, and the 
solution was then added all at once to S-S c.e. of a hypochlorih- 
solution containing lo-3o grams of total chlorine and 27 grams of 
sodium hydroxide per litre. Immediately the addition was made, 
tlie mixture was shaken vigorously and was then kepi for live 
minutes. On adding sodium sulphite and acidifying by means of 
dilute sulphuric acid, the chloro -compound commenced to separate, 
but it was extracted with ether, from which, after drying and con- 
centrating, it crystallised in colourless prisms. 1’he substance was 
quite pure and melted at 218 h it was acidic and gave a deep red 
coloration with ferric chloride, and direct comparison with ihe 
chlorodimcthykycZopcntenolonc obtained by hydrolysis of the 
trichlorodimcthylrfh'yc/opentanonecarhoxylie acid showed that tlie 
two were identical, as a mixed-melting point determination ahu 
proved, 'rhe yield was almost quantitative (Found: C - .32-:l; 
11 — O'O. Calc., C --- ,'>2-3; H -- o-ti) per cent,), 

(d) XIonobrominafioH ojo : 5D}fmd/>y(c}Tlopenfaii-S-on€‘2-ivrbofi//i(’ 
Af'id : Formation of Monobromo-dcrim/irC'S, 

Six grams oi dimethylr^c/opcmtaiionccarboxylic aeitl (p. 1511 
were dissolved in ehioroform and treated \\ith a chloroform solution 
containing two atomic proport ipns of bromine. The bromiue 
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.solution was added drop by drop to keep pace with the absorption 
,f the halogen, and th(i flask was continuously shaken during the 
roeess. Hydrogen bromide was evolved, and, on evaporating the 
solvent in a current of air, a semi-solid residue was obtained which 
solidified completely when kept in an evacuated doHiccator over 
jRitassium hydroxide, ddic yield of crude .solid was 9*2 grams 
(theoretical yield : 9‘1 grams). 

The crude solid was dissolved in boiling benzene, from which, 
liter clarifying by pouring through a tiller, and cooling, a substance 
crvstallised in lustrous flakes (A). After a further crop of the same 
oibstancc had been obtained from the mother-liquors by concen- 
ration, the residual solution was evaporated completely. The 
iroduct thus obtained was not completely crystalline, but became so 
ivhen left in contact with a little water for several hours. It was 
iien dried, and, after a further quantity of the substance crystallis- 
iig in hakes had been separated by means of benzene, was dissolved 
in hot water, and from the solution radial groups of stout, colourless 
prisms (B) were obtained. 

The Bromo-acid (A).— Tlie flaky substance, after a further 
:rv.stallisalion from benzene, melted at 170"', but was not quite 
pure. Final purification was effected by crystallisation from water, 
from which Mell-fornuMl, slender prisms melting at 175' were 
obtained (Pound : C 40-7 ; H 4-8; Br — 38-5. C^Hj^OgBr 
lequiies C — 40-8 ; 11 4-7 ; Br -- 33-8 per cent.). 

The Bromo-acid [B ).- — The substance that was more soluble in 
benzene, after a second crystallisation from water, separated in 
stout, colourless prisms, m. p. 125"" (Pound : (' ^ 4M : H — 4*7 ; 
Br — 34 0. CgHjj0;;Br icquirc's (' -- 4(}-S : M - 4-7 ; Br — 33*8 
jKT cent.). 

Endeavours iiavc been made to establish the eonstitutions of 
these bromo-acids by oxidation, and to eliminate the elements of 
hydrogen bromide from them by treatment vltli alkalis and organic 
bases. iSo far no recognisable products have been obtained, but 
the experiments have not been abandoned. 

W'e tiesire to thank the t.liemieal Society for defraying a large 
jn'oportion of the cost' of this research. 


iiU’Kiti.M. College ‘U'’ Sticxei; and 'J'euinui.ogv, 

iSiiuTH Ke.nsimitox, .Vtu'caitiiT 23rr/, 192].J 
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XX —‘Researches on Residual Affinity and Co-orc/?,- 
'nation. Part VII. Cohaltk Lakes of the Alizarin 
Series. 


By Gilbert T, Morqak and J. D. JIats Smith. 

a recent commnnication on the cobaltammine lakes of the 
qninoneoximo or nitrosophenol dyes, we showed hat the snnple 
relationship existing between the number of cohalt atoms n, and 

" 

sented by the equation m = o(ii - 1) (T., U-l, )• 

It was inferred from this generalisation that the qmnoneoxime 
group had satisfied completely l.oth the principal and supplementary' 
valencies of one cobalt atom, so that this atom was no longer 
capable of combining with ammonia to form a cobaltammine 
co-ordination complex. This property of co-ordinakon was, hw- 
ever retained by other cobalt atoms present in the lakes when 
these atoms had replaced the hydrogens of hydroxyl, carboxyl, or 

sulphonyl groups. i u , 

The disappearance of the residual aihmty of the cobalt atom 
when impheated in the nitroso-complex is experimental evidente 
in support of the view that each of these so-called chelate groups 
functions as two associating units, so that three of them give t e 
required number of six associating units to make up the maximum 
co-ordination number for the cobaltic atom. 

The promising results obtained with the quinoneoxime 
suggested a method based on the cobaltammine reaction for dis- 
tinguishing between ordinary salt-forming groups and the chelate 
complexes w-hich confer on mordant dyes their characteristic lake- 
forming properties. We have accordingly extended the method 
to a representative series of the important alizarin dyes, which 
were kindly placed at our disposal by Mr. W. H. Dawson, of the 
British Alizarine Company, to whom we desire to express our 
cordial thanks. 

Alizarin, when treated with the cobaltammine reagent, gives 
rise to a complex cobaltic lake containing two cobalt atoms and 
five ammonia group.s as represented by formula L ^ 
S-Nitroalizarin^reacts in a similar manner, giving rise to a complex 
lake (II), the stability of which is increased by the introduction 


of the nitro-group. 

The accumulation of hydroxyl groups in the alizarin molecui'^ 
does aot at first atlert the type o,f complex lake produced. Flavo- 
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purpuriii (y.hytlroxyalizarin) gives the dieobaltic compound (111)., 
but its isonuTidc, (.sopurpurin (anthrapurpurin or /-hydroxya hzanni 
dc^-s not react so smoothly; the 7 -hydroxy.group tends to bccom,. 
reactive and mixed lakes are formed containing two and tlim. 
cobalt atoms with live and ten molecules of ammonia re.^pectucly, 
and althougli it was not found possible to cainy o completion t . 
formation of a trieobaltie lake, yet by suitably regulating tin., 
proportions of cobalt and ammonia in the reagents a product 
was obtained consisting mainly of the dicobaltic lake (IV b 
Further confirmation of the chelate structure was obtained 
this more difficult case by the preparation of the simpler cobaltou. 
cobaltio lake (V), and it is of interest to note that in this compoiinil 
only the chelate complex is co-ordinated with triadic cobar 
although sufficient hydrogen peroxide was used to oxidise I he 
second cobalt atom to tlic tervalcnt condition if this state d 
combination had been i.ossible in con., unction with a phenoxiil,. 
group This diflerciice in the states of combination of the tiu, 
Lbalt atoms is qiiite in accordance with the general behavioiii 
of the metal, flie liighei' valency of which is most ficquenth 
exhibited in its co-ordinated compounds. , ,,• i i 

Another noteworthy feature about the cohaltous cobalt, c lak,- (\ ) 
and the similar one (IX) from purpurin is that these two compounds 
are analogues of the ordinary Turkey red dye (\ I) on wool ,n 
whieli tervalent cobalt is replaced by aluminium and bivalent 

cobalt by calcium. i i i , 

These results with the cobalt lakes eonhrm the analytical data 
obtained by Jlbhlaii from the double lakes of alizarin with the 

metallic pairs AL.-Caj, CT2-Ca3, and bc.^-Ca^ (Ber., • , •’)■ 

The foregoing cobaltic lakes liave one common property in s|,,lr 
of the variation in the number of hydroxyl groups. Ihey all tall 
witliin the categoiw of monudidak mordant dye/:, that is, they are 
colouring matters containing only one co-ordinating chelate gron|i 
This condition persists in the case of the lake from alizarin Bordeam 
{.a • S.dihydroxvalizarin), for on treating this dye with exce-ss el 
cobaltammine "reagent the two additional hydroxyl groups ir. 
positions 0 and 8 remain imreactive and the cobaltararamc lake (\ lb 
resembles its forerunners in containing only two cobalt atoms 
The greater reactivity of 3-liydroxy- as compared with that e 
oc-hydroxy-group-s has already been noticed in the case o staraur 
lakes and other complexes by Pfeiffer (Ber., 1911, 44, 

Annalen, 1013, 398, 130’ ,, 

.A monochelatc structure of more com])lex type was obtained 
tVie use ot aliiavin ted S (alizanii-3-sulplinmc acid), this dye givu'l 
a cobaltammine lake, (VIW confiamrag tiitee cobalt atoms. 
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So far those cobaltamiiiinc lakes of the alizarin series confonii to 
the simple numerical relationship m ~ 5{n ~ 1), discovered in the 
quinoneoxime group [loc. cit.). 

With the accumulation of hydroxyl groups in the same ring, 
as in purpurin (4-hydroxyali7arin) and alizarin cyanine (4:5: 8- 
triiiydroxyalizarin), a new factor arises, namely, the possibihty of 
the co-existence of two chelate groups within the same molecule. 

Xhc turning-point occurs at purpurin, for this dye exhibit.s a 
jtiarked tendency to form the complex tricobaltic tetrammine 
yientamrainc lake [R 3 Co 3 (NH 3 ) 5 (NH 3 ) 4 ], although this was found 
to he invariably mixed with the simpler dicobaltic pcntamminc 
lake [R 3 Co 2 (XH 3 ) 3 ], the proportion of tiic former in the mixture 
varving from 40 to 60 per cent. Tow^ards cobalt .salts in the 
presence of an oxidising agent purj)urin behave, s as a mouoelMdaD* 
(Ive, yielding the cobaltous cobaltic lake (IX), another analogue of 
Turkey red on wool (VI). 

With alizarin cyanine, oiu‘ reaches the definitely mordant 

for the cobaltamininc lake (X) contains two ammine com- 
] ilexes, one with five and the other with four ammonia molecules. 
At this stage it is necessary to insist on the inadequac}" of plane 
graphical forniuUB to represent the steric relationships of the 
co-ordinating groups. 

It tvould ap]tear from the foregoing conventional formula to he 
quite possible for a second chelate complex consisting of the 
hvdroxylic oxygen in position 4 and the remaining carbonyl group 
to co-ordinate so completely with the third cobalt atom that this 
atom would lose entirely its capacity for co-ordinating with 
ammonia. An inspection of a model (Xu) of the lake eonstrueted 
on the assumption that the first (alizarin) (dielate group A is thrice 
co-ordinated at the vertices of the octahedral cobalt atom shows, 
however, that the remaining (purpurin) chelate group H cannot, 
iwing to the spatial configuration of the lake, co-ordinate more 
[hail once ^v[ih the third cobalt atom. This co-ordination witli 
mly one of three tvideh' separated secondary chelate complcxe.^ 
eaves the third cobalt atom with four available {lositions in th'' 
‘o-ordination splKie and those become occupied by four ammonia 
uulecules as indicated in formula X. 

.j-Xitroalizarin gives rise to a well-defined monoeludate lake (II), 
lie nitro-group exhibiting no I'esidual afilnity, but in S-aminu- 
dizariii the residual afiinity of the amino -group leads to the 
Icvelopment of a second chelate complex, the product being a 
^■ichdate lake (Xi), in which the second cobalt atom co-ordinates 
rith. one of the three amino-grou|rs and with four ammonia 
wulecules. 

L. 2 
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Alizarin blue affords another example of a dichelate mordant dye, 
the second chelate complex containing the hydroxyl in position 2 
and the quinoline nitrogen in position 3. The second cobalt atom 
replaces the hydrogens of the three hydroxyl groups and co-ordinates 
with one of the three tertiary nitrogens and four ammonia molecules 
giving a dicobaitic quinoline- tetram mine lake (XTI) of the purpuroo- 
cobaltammine type. 

If in the foregoing lake (he dichelate stiaicturc is due to the 
implication of quinoline nitrogen in the cobaltammine complex 
then a lateral inversion of tht^ quinolim^ ring should destroy the 



second ehclale group. Tliis allorc'd orientation of the rpiinolijK' 
nitrogen obtains u\ alizarin giTcn 31, L, &■ B., a closely related 
isomeride of alizarin bln(‘. 

An examination of the eobaltaiinnitio lake nf lliis brand ef 
alizarin green cent inns onr theoretical anticipation. 31 le lake XU I 
contains col)alt and ammonia in the ratio 2Co : 5X11^; it is derived 
evidently not from a clichelate hut from a monochelate dy(\ 

These two lakes XI I and XIll derived from isomeric dyes shew 
very definitely the infiuence of ui'ientatiou on the development of 
clielate groups, Tlic only difference between the two isoineriv 
dyes is due to h transference of quinoline nitrogen from an ortho- 
to a meta-position with respefd to the [^-hydroxyl group, haf 


residual affinity and co-ordination, part VII. 165 


this change is accompanied by a disappearance of the dichelate 

structure. 

This study of the alizarin mordant dyes has revealed the co- 
existence of two chelate group.s in the same colouring matter. 
The resulting modification in the composition of the cobaltammine 
lake follows a new rule, owing to steric hindrance operating against 
the threefold co-ordination of more than one chelate group in the 
same lake. The second chelate group co-ordinates only once with 
a second cobalt atom, leaving the latter partly free to co-ordinate 
with four ammonia molecules. These new conditions arising in the 
more complex case of dichelate dyes can also be summarised in a 
simple general equation 

O 

expressing the number of ammonia molecules m, the cobalt atoms n 
and the chelate groups c. When c is unity, the simpler case of 
the monochelate dyes is represented and the equation reverts to 
its original form, m = 5(ft — 1), 

The more general equation gives the composition of all the 
cobaltammine lakes described in this paper and in the preceding 
oomraunication on quinoneoxime dyes {loc. cit.). 



E X r E R T M E N T A L. 

Tn the following preparations of cobaltammine lakes the following 
[troeedure was generally adopted : — 

A. Cobaltammine Reagent. — 2A^-Cobalt chloride, oA'-ammonia, and 
.‘lA -liydrogon peroxide were mixed in such proportions that six 
molecules of ammonia and one half-molecule of hydrogen peroxide 
were present for every atom of cobalt : ~20 e.c. of 2A^-cnbalt 
chloride 1-18 grams Co), 20 e.c. of 5.Y-amnionia (= 1-7 grams 
XHg), and 10 c.c, of 20 vol. hydrogen peroxide. 

B. dhe alizarin dye was dis.solved or suspended in 5A"-ammonia 
so that one molecule of ammonia was present for every hydroxyl 
or sulphonyl group in the dye. 

Solutions A and B were mixed in such proportions that one-third 
of an atomic proportion of cobalt ^^'as pre.sent for every hydroxyl 
or sulphonyl group of the alizarin dye. The mixture was stirred 
mechanically for thirty minutes, warmed at 60° for the same tinn^ 
with the addition of a few c.c, of strong aqueous ammonia, and 
cooled in the ice-chest. Tlie precipitated lake was washed suc- 
cessively with aqueous ammonia and water and dried in a vacuum 
over soda-lime. 
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t—Monochelate Alizarin Lakes. 

2.Pentammino .\ : Uicobaltk 1 ; 2 -DmyanthraquinoM (I),-Uk 
i,U-/,arin lake, prepared from a 20 per ce.rt. paste of aUzam red P, 
was a violet precipitate insoluble in water and dissol^ng very 
sparingiv in dilute acids or alkalis and more readily m hot 
o^^sokim hydroxide to a deep violet solution ^Ivuigammoma. 
it developed a green coloration mth J'": 

bocoinim^ pink on dilution: Found: Co-^13-0, NHg 8 8 . 
f(C, 4 HfOjl 3 Co][Co(NH 3 ) 5 ] requires Co = 12 - 9 ; SH 3 = fl'3 per cent, 
o.VeoitaLiVio-l : 2-dicobaMc 1 ; 2.Diox>j-^-n,troanlhraqmmm(\h 

qtiis lake from 20 per cent. 3 -nitroalizarin (ahzann orange paste') 

was almost insoluble in water, dilute acids, or alkalis; it dissolve, I 
i ,4 hot d.V-aodium hvdro.xide, evolving ammonia, and develoiicd 
olive.greeii and transient blue colorations respectively wr«i con- 
e, nitrated hvdrocliloric and sulphuric acids : Found : Co -lb., 

X,- -= 8-3 X = 10-5. [(C\ 4 H 30 „X) 3 Co][Co(XH 3 ) 3 ] requires Co 
llci*; XII3 - 8-1 ; X = lO-O per cent, 

■I.PaHammino-l : ■2-dicohaJlic I : 2 -mox<j^idiydroxyaMh-(uimmv 
(IIl).^Flavopurpurin (alizarin Y.C.A.) furnished a dark purple 
lake (Yield 97 per cent.) sparingly soluble in water, dilute acids, 
■uid stronolv alkaline solutions, soluble in hot sodium hyclroxidc, 
.-volviim miimoina. This lake was sparingly soluble ”1 
not ill IS.Y-ammonia ; with coucentratcil hydroclilonc and siilphiiri, 
acids It dev,do,,ed green and violet colorations respectively : Found : 
(V, = 11-S; XH 3 - 9T. [(CuH,, 03 ) 3 Co][Co(X 113 ) 3 ! rerpiires to 
F2‘2; XH 3 = S'S per c-ent. . 

2.PenU>nmdRO-\ : 2-dicobndiic 1 : 2 Jjkxy-,d,ydroxyii,dhmyinno.- 
(|\')_,-soPurpuiiii ("-hydroxyalizaiin) gave a reddish -vmlenaU 
which became purple on warming: Found: Co = p-0; NHj - 8- . 

[((’i,iH305)3CoJ[Co(XH 3).,] requii'es Co = 12-2 ; XH3 S-S P‘'>' 

It was onl\' after manv unsuecessful attempts that a lake of the 
i-ompositirm was obtained, la other experiment. s this lake. 
(;o,(XH.d,R,, was formed in mixtures containing »lso one or 
other of tlic following :—Co 3 (Xtf 3 )^(,K 3 , Co 3 (XH 3 ) 3 R 3 , Co(i 4)3 3 : 
and Co,{Ntl 3 ),(NH 4 ] 3 R;, ^vhe^e R Is the fsopurpunn residue. Uii- 
tirination of't'U' nature of the f^opurpurin lakes wus obtained b\ 
preparing a c-obalt compound not containing ammonia. 

'2X;obal(ous \-CobaUic [ : 2-DioxyA-hydroxyaniJiraq^^^^^^^^ 
hsoFurpurin (7-7 grams), ground up with 50 c.c. of 
iivd-oxide, was treated successively willi 2 o c.c. of 2 A-col)iill 
. iilmide (1475 t.'o) and 8 c.c. of 5 X-liydrogcn peroxide, and tin- 
mixture heated on the watcr-bath for thirty iniiiutes. The pro 
cipitatc, washed successiiely with a few c.c. of very dilute acii 
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and water, was dried over concentrated sulphuric acid and extracted 
vrith ether in a Soxhiet apparatus until all unchanged wopurpurin 
had been removed. Acids decomposed the lake, and on diluting 
its solution in concentrated sulphuric acid «5opurpurin separated : 
Found : Co = 16'3 ; isopurpurin = 83'9. [(Cj^4HgOg)3Co]^Co3 re- 
(juires Co = 16-2 ; isopurpurin = 844 per cent. 

This cobaltous cobaltic lake developed intense magenta and 
irreen colorations with hot pyridine and lOA-hydrochloric acid 

respectively. 

2-Peniamm.inoA : 2-dicobaUic 1 : 2-Dioxy-i) : 8-dihydroxyantJira- 
guinonf^ (^41). — Alizarin Bordeaux (5 ; 8-dihydroxyalizarin) lur- 
iiisliccl a practically quantitative yield of the dark blue lake having 
n bronzy lustre. This substance Avas insoluble in water; it dis- 
solved only sparingly in dilute acids or alkalis and evolved ammonia 
in hot SiV-sodiuiu hydroxide, giving an intense blue solution : 
Found : Co 11-3 ; iS^H3 _ 8*2. [(Ci4Hg06)3Co][Co{XH3).] re- 
quires Co = 11-6; XII3 = 84 per cent. In concentrated hydro- 
chloric and sulpliuric acids, the lake gave transient blue colorations 
turning to more purple shades ; on dilution alizarin Bordeaux was 
precipitated. 

2 ; '^-Dipentammino-\ : 2 : ^-iricobaltic 1 : 2-Dioxyanthraquinone-Z- 
sulphomte (VIII). — Alizarin-3-sulphonic acid (alizarin red S) gave 
a reddish -violet precipitate changing on warming to a dark purple 
lake sparingly soluble in water and dilute acids or alkalis : Bound : 
Co = 13-2 ; XH3 134 ; 8 - 7-0. [(Ci4Hga-S)3Co][Co(NH3)5]. 

requires Co = 13-6; NH3~134; S = 7-4 jxi' emit. The lake 
(Jcvelopcd a green coloration with 10A-h}’drochloric acid, and with 
concentrated sulphuric acid a transient blue coloration becoming 
jiiirple and on dilution changing successi\’e]y to green and orange. 

'l~Coh(dt 02 ts 1-CobaUic 1 \ 2-DioxyA-'kydroxyanthraqiiinone (IX). -- 
As pointed out in the introduction (p. 1 63), 1:2: 4-trihydi'oxy- 
anthraquinone (purpurin) behaved in a somewhat anomalous 
manner. AVith the cohaltamminc reagent it showed a tendency 
to react as a dichelate dye, giving rise to a mixture of 60 per cent 
of the monochelate lake [^^^{Xllg)^!!^] with 40 per cent, of the 
didielate lake [Co3(XH3)g(XH3)4R3]. By varying the proportions, 
the ratio of these two lakes was reversed, and, moreover, the 
employment of larger proportions of cobalt led to the production 
of mixed lakes containing cobaltous as well as cobaltic radicles. 
In the absence of ammonia, purpurin functions as a monochelate 
dye, yielding the cobaltous cobaltic lake analogous to the one 
from isopurpurin. 

hurpuiiii (3-84 grams) w'as ground up with 25 c.c. of A-sodium 
hydroxide and heated for thu’ty, minutes on the water-bath with 
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12-6 CO of 2ff-cobatt chloride (=0-74 gram Co) and 5 c.c. oi 
SJV-hydrogen peroxide. The precipitate, after washmg with dihte 
acetic acid and water, was dried and extracted with ether u, , 
Soxhlet apparatus to remove unchanged purpunn Found . Co == 
'l5-9; purpnrin = 83-3. [(C„HA)3Co]2Co3 requires Co = 16.2: 
purpurin = 84.4 per cent. The sparingly soluble lake dissolved 
fn S^-ammonia or sodium hydroxide to bluish-red solutions, the 
latter changing to orange on adding dilute acetic acid. Magenta, 
green and carmine colorations were developed with hot pyridine, 
lO.V-hydrochloric acid, and concentrated sulphuric acid respectively. 
From the last of these solutions purpurin was precipitated on 

dilution. ^ 

i-Tmtammim-l ; 2-dicobaltk 1 : 2.DwxyaHthraqmnone-i.qut„olm 

/XIII) 0\mg to its sparing solubility in aqueous ammonia, 

alizarin green M.L. & B. was treated three times with excess o{ 
oobaltammine reagent. At each stage the olive-black lake 
dried and analysed, when it gave successively the ratio Co :b,H, 
as 2 • .5-14 2 : o-Oo, and 2 : 5-01. Found : Co = 10-4; NHj - i-a: 
quinoline N = 3-4; total N = 9-3. [(CijH,04N)3Co][Co(NH3)j| 

requires Co = 11-0; NHj = 7-9 ;. quinoline N = 3-9; total X ^ 
10-5 per cent. This lake was insoluble in water, dilute acids, and 
cold aqueous alkalis, but dissolved in boiling 5A'-sodium liydroxidr 
to a dark green solution evolving ammonia. The purple solution 
of the lake in syrupy phosphoric acid became blood red on warming, 
purple on dilution,' and changed to green with alkalis. Glacial 
acetic acid gave a green coloration becoming purple on boiling 
and showing green and purple dieliroism ou cooling. 


n _ DicJieJnfe AUzarhi Lahf.s. 

2-Pentammino-i-tetraynmino-\ : '2 : AAricobaUn^ 1 : - ; 4-7no.r;/- 
5 ; (X).— Alizarin cyanine AX. lO por 

cent, paste (1:2:4: 5 : 8-pentaliydroxyanthraquinone) yielded a 
purplish-black lake insoluble in water and cold dilute acids or 
alkalis, dissolving in boiling 2iV-hydrochlorie acid to a red solu- 
tion, whereas ^^dth the lOA-acid it developed an olive-gim 
coloration. With concentrated sulphuric or syrupy phosphonc 
acid it developed a dark olive coloration changing to violet on 
warming and to carmine on dilution : Found : Co lodl ; - 

13*1. [(Ci 4H507 ),Co][Co(XH 3)5 ][Co(NH 3)J requires (.'o - ll-O: 

NHj = 12-9 per cent. 

2-Tdrammino 1 : 2-dkobaltk 1 : 2-Zb’oxy-3-rtwri/ioawi^ira^?of/a«i. 
(XI).— From 3- ami noalizarin a dark purple lake was obtainca 
insoluble in water a. id cold dilute acids or alkalis : Found : Co ' 
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12.] ; NHg = 7-0; N - 10-6. [(Ci 4 H, 04 N) 3 Co][Co(NH 3 ) 4 ] requires 
('o -- 12-5 ; NH 3 = 7’2 ; N = 104 per cent. 

This lake developed a yellowish-green coloration with lOiV-hydro- 
cliloric acid and an intense brown colour with concentrated sulphuric 
acid, these solutions on dilution becoming yellow and reprecipitating 
Ibaniinoalizarin. 

2-Tetrammino-l : 2-dicobaUic 1 ; 2-Dioxyanlhraquinom‘li-quinoline 
(XII). — Alizarin blue A.B.L (aIizarin-3A-qui noline : Found : N — 
pf). Calc., N = 4-8 per cent.) gave a dark greenish-blue lake : 
Found: Co = 11-2; NH 3 — 6-4; quinoline X ~ 3-8; total X = 
IM. [(Ci 7 H 704 N) 3 Cn][Co(XH 3 }J requires Co = 11-2; XH 3 6-5; 
quinoline X = 4-0 ; total X == 9-3 per cent. 

This diohelate lake, although insoluble in cold dilute acids or 
idkalis, dissolved in hot 2X-hydroehloric acid to a pink solution 
becoming blue with ammonia and green with caustic alkali. The 
vcllow solution in hot -sodium hydroxide evolved ammonia and 
became green on boiling. Red dish -violet and intense blue color- 
ations w^re developed with concentrated liydrochlorie and sulphuric 
acid.s respectively. In syrupy phosphoric acid tlm lake dissolved 
(0 an intens(‘ reddish -violet solution Ix'eomiiig deep orange on 
warming and red oil dilution. 

The authors de.sire to ('xpress their thanks to tlu' Advisory Council 
of the Department of .Scientlfie and Industrial Research for grants 
which have partly defrayed the expense of this investigation. 

C'hioim’a !. Okpaici:.mk\t, 

UmvCHSI TV or MltCMIXflUA-M, EnerBASTON. 

[Rrcrira/, Ihnmbrr 1921. ] 


XXi.-— ^‘1 Co^n pan.^on of Three L^ouk ric ( 'arboepanine'^. 

By Walter Theodore Karl Brau:sholtz. 

A urok number of representatives of these dyestuffs have been 
tirepared, and the (effect of introducing various substituents on their 
photoseiisitising aetiou studied (Pope and Alills, Phol. J., 1920, 60, 
AIS). Considerable interest also attaches to the determination of 
the result of varying the position in the molecule of a given sub- 
i^tituent. Comparisons of tJiis nature in tlic b'?ocyanine series 
have recently Ix'eri published bv Miss F, AI, HaiiUT (T., 1921, 119. 
1432). ^ . 

G* 



170 


BRAUNliOLTZ : 


A consideration of the formula of the carbocyaniues, established 
by Mills and Hamer (T., 1920, 117, InoO), shows that several 


i;: li 

WV/' 

I 

R 


:cH'Ch:ch| , '' 
V/ 
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isomerides are theoretically possible. In practice, however, their 
number is considerably lessened by the fact that only those in 
which the two (|uinoline nuclei are similarly substituted can con- 
veniently be prepared. The present paper deals with the carbo- 
cyanines in wliich the ethoxyl group is present in the 5 : 5'-, 6 ; 6'.^ 
and 7 : 7 '-posit ions. 

The absorption spectra of these dyes in dilute alcoholic solution 
show two well-defined bands in the visible region, the less refrangible 
being the more intense. The sensitisation spectra, obtained bv 
photographing the spectrum witli a plate previously bathed in a 
dilute aqueous alcoholic solution of the dye, show, in addition tn 
the broad band in the blue, extending into the ultra-violet, repre- 
senting the sensitiveness of the normal gelatino-bromide plate, a 
second broad band having two maxima corre.spondinig with the t;v(i 
ab.sorption bands. As in the case of other photosensitisijii^ 
dyes, the sensitisation maxima are situated nearer the red end 
of the spectrum than the coiTe.sponding absorption bands. The 
latter, the general appearance of w hich is very similar in all throe 
compounds, art' situated nearest the red cud in the 0 : b'- and 
furthest from tiie red end in the 5 : o'-derivative. An analogous 
variation is observed in the position of tiic less refrangible sensi- 
tisation maximum, whilst the jiosition of the second appears to 
remain approximately constant. Accompanying this variation in 
tlie distance between the two sensitisation maxima, a very striking 
contraction of the breadth of tlie sensitisation bands is observed 
in the o ; b'-dcrivative, as compared with the G : G'- and 7 ; 7- 
isomerides. A similar relation has been observed between tht 
b : o'- and G : G'-dibromo-derivatives (Pope and Mills, loc. Cit), 
and Hamer points out {he. ci(.) that in the iwcyaiiines the eSect 
of substitution is most marked in tiie o- posit ion. 


H X P E R ni E Jy T A L. 

G : -Diethoxy^]. ; V ■ditlliylearbocyanine Iodide, 

(j-EthQxyqui!ialdine.~ 'X:o an ice-cooled mixture of concentratcii 
iiydi'ochlorie acid (200 c.c.) and J>pheuetidine (75 grams), in which 
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some of the hydrochloride had separated out in the solid state, 
acetaldehyde {80 c.c. of a 73 per cent, solution) was slowly added 
^^ith iiioehanical stirring. The mixture was gradually warmed 
under reflux until spontaneous reaction set in, and gently boiled 
for a further three hours after this initial action had subsided. 
After cooling, water (1 litre) was added and the mixture kept for 
several hours. The solution was separated from precipitated tar, 
made alkaline with sodium hydroxide, and extracted with ether. 
The extract was dried with sodium carbonate, and the residue 
fractionally distilled under diminislied pressure. The fraction 
boiling up to Ibo^/IT mm. comprised mainly unchanged p-pliene- 
tidiiie; that distilling between IGo" and 180^14 min. (25 — oO 
grams) solidified in the receiver. This 6-etJioxyquinakiinc was 
pressed on porous tiit‘ to remove traces of oil, and recrystallised 
from petrol, giving siiiny, colourless plates, m. p. TT (Found : 
C ~ 70*7 ; H — 7‘03; N — 7-37. requires C = 77'0: 

H ^ 0‘95; X — 7 '49 per cent.). 

i\-E(hoxyquimldine Hijdmie.—On iieating the base with boiling 
water and cooling the mixture, a small quantity of tlie liydrate 
separated as colourless needles. A better method of preparation 
of the hydrate to heat a solution of tlie base in dilute alcohol 
at 100' for sixteen hours and to allow the resulting solution to 
evaporate slowly at room temperature. In thi.s way, large, colour- 
less plates were obtained, m. p. 58—59', T'he liydrate lost 8'92 
per cent, in weight when left in an (?vacuat(-d desiccator; 

requires Hj,0 — 8’ <8 per cent. The re.ddual solid 
molted at 71'" and did not depress tiie m. j). of the anhydrous base. 

i)-Etho.vyqui}iuldine iTAioc/idc.— This, like the subsequent quatern- 
ary iodides, was obtained by heating the base with a slight excess 
of alkyl iodide for sixteen hours under reflux. The product was 
recrystalliscd from alcohol and dried by heating at 80'’ under a 
pressure of 11 mm. until the weight became constant. Yellow- 
needles were obtained, m. p. 182“ (Found : I 3G‘S3; (:\iIIisOXl 
requhes I -= 37*02 per cent.). 

ii^Efhoxijquinaldine Ffcratc.— Pale yellow net'dles, m. p. 102k 

^i-Efhoxyquimddnie Chromate.. — Golden-yellow needles, m. p. 
145" (decomp,), 

^•hihoxijquinaldine Hydrochloride. — Small, colourless needles, 
m. p. 184- -I8bk 

^ -Diefhoxy-l : V-di€thylcarbocf/a7U)ie iodide was prepared by 
heating together for fifteen minutes C-ethoxyquinaldine ethiodide 
(1 1*5 grams), quinoline eliiiodide (10 grams), and formaldehyde 
{- 05 grams) in alcoholic solution with sodium liydroxide obtaineil 
hj di,s5uiving sodium (0*92 gram)' in rectified spirit. The quinoline 
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salt takes no direct part in the condensation, but improves the 
yield. The solid that separated on cooling was repeatedly extracted 
with small quantities of lioi alcohol, and then with a little hot 
acetic acid, a dark red impurity being in this way removed. The 
sparingly soluble carbocyanine was finally purified by crystallisation 
from methyl alcohol, being obtained as minute needles having an 
olive-green lustre; m. p. 296“ (decump.) (Found: I 22-27 . 
C 29 H 33 O 2 N 2 I requires I — 22-36 per cent.). 

The extra-seiisitisation shoAvs tAVo maxima at 6600 and 5800 A. 
respectively. Tlie maxima of the tAvo absorption bands lie at 
6220 and 5760 A. 


5 : i)'-Dieiho.ri/-\ : V^dieikjjlcarbocyaninc Iodide. 

^)^Ef.hoxijq}iinaldinr. - -ThQ Doebner-Miller synthesis, as just de- 
scribed for the preparation of 6-ethoxyquinaldine, did not afford a 
satisfactory method of obtaining the 5'isomeride. Condensation 
of m-phenetidine Avith acetaldehyde yielded, in addition to tarry 
matter, a substance which, on heating, decomposed into Avatci- 
and a mixture of secondary and tertiary bases, and may therefore 
be of the nature of an a Idol base. The tertiary bases, after remoA'iii 
of the secondary by means of nitrous acid, comprised etlioxy- 
(j[uinaldines (Found : N — 7-32. requires N — 7-4!t 

per cent.) ; with pieric acid they yielded a solid Avhich, after rcpfndeil 
crystallisation, melted indefinitely at 190-- 103“, whereas the 
picrates from 5> and 7-otho\yquinaldine melt at 206 — 207'’ and 
213“ respectively. The yields of this mixture of cthoxyquinaldincs 
Avere not satisfactory. 

5-Ethoxyquinaldine Avas prepared by the ethylation of 5-hydroxy- 
qiiinaldinc, the latter being obtained by heating o-aminoquinaldinc 
hydrochloride Avith excess of concentrated hydrochloric acid at 
210 — 220“ for six liours (compare the ])reparation of 5-hydroxy- 
(quinoline by Claus and Howitz, ./. pr. Chem., 1893, [ii], 47 , 432). 
The pure hydro xy-basc Avas found to melt at 227 — 229°, as against 
232 — 234“, the m. p. given by Doebnei- and von Miller [Ber., 1884, 
17 , 170!)). Using the ealcuhited quantities of sochnm and ethyl 
iodide and AA-arming the aleoholie mixture for five hours under 
reflux, a 77 per cent, yield of 5-ethoxyquinaldine Avas obtained. 
It forms a pale yellow, syrupy oil boiling at 174 — 175“/ 11 lum. or 
290 — 292“/76C mm, ; it did not solidify on cooling to — 8“ {Found : 
N = 7*48. Cj 2 H^;,UX requires X = 7’49 per cent.). 

O'Ethoxiiquimldine FfAiodldc.— Orangc-yelloAv needles, m. p 
166“ (Found : 1 ^ 36'94. requires I = 37-02 per 

cent.). 
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li-FAhoxyquinaldine Picrate.—VoXe, yellow needles, m. p. 206 — 207 °. 

ryEihoxyqiiimldine Chromate. — YeWow needles, m. p. 153° 
(decomp.)' 

[ o'-Diethoxy-l : ]'-dieihylcarboci/a7iine Iodide. —Minute crystals 
with an olive-green lustre, m. p. about 325° (decomp.) (Found : 
I 22‘45. C 29 H 33 O 2 N 2 T requires I 22-36 per cent.). 

The extra-sensitisation is much more contracted than in the 
[irevioiis isonierido, and consists of two well-defined bands witli 
maxima at 6250 and 5800 A. respectively. Tlu' two nKsorpticjn 
hfiiids have maxima at 6030 and 5500 A. 

1 : ’i'-Dtefho.ey-i : I'-dielhylrftrhoejfainiie lodidi'. 

’i-EihoxyquinaJdlne. — 7- Aminoquinaldine was ])repared by reduc- 
ing 2 : 4-dinitrophenyI-laetyl methyl ketone with zinc and acetic 
acid, ItvS hydrochloT'ide was converted by heating w'ith concen- 
trated hydrochloric acid, as described for the 5-isomerid(', into the 
hydroxy-base. This compound crystallised from chloroform in 
colourless maallcs whioli darkened above 240° and melted at 
246— 247°; it sublimed when heated at 100° under diminished 
pressure (Found : N =- 8'6. requins X - 8’8 per cent,). 

7 -Ethoxyquinaldine, obtained by ethylation of tlu^ hydroxy- 
hase, is a pale yellow-, syrupy oil, boiling at 307- 308° 770 mm.; 
it did not solidify when cooled to - 0° (Found; — 7-31. (\.,Hj 30 X 
requires X — 7'40 per cent.). 

l-Etho.cyquinaldiue Kthiodide. — Yellow prisms, m, ]>. 210 — 218° 
(decomj),) (Found : 1 — 36-74. Ci 4 H^^OXI reqiiii-es T = 37 ’02 
percent.). 

l-EihoxAjqui)uitdine Picrate.—Vdie yellow- needles, m. p. 213°. 

7 -.T-hiethoxy-l ; V -dkthylcAjrhoeyanlne Iodide. - Dark gi-een 
needles with bras.sy lustre, m. p. about 315° (deeomp.) (Found : 
1 - 22-62. CbyHy^OoXXI requires I ^ 22 36 per cent.). 

The .sensitisation bands are slightly broader than in the 6 ; 6 '- 
isomeridc, with jiiaxima at about 0450 and 5S(K) A. re.spectively. 
The crests of the two absorption bands lie at 0170 and 5710 A. 

The above iin’cstigation was undertaken at the suggestion of 
Dr. W. H. Mills, to whom I am very grateful for his constant and 
invaluable advice. I desire also to thank Mr. F. J. Stoakiey, who 
phutographed the sensitisation and absor})tiun sjjectra of the dvTS 
(le.scribed. 

rxivKRsiTv Chemical LAnna.ATORv, 

Cam man 01 ;. 
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XXII— T/ie Velocity of Decmn'position of High 

Explosives in a Vacuum, Petri II L Me'} curie 
Fulminate, 

By Robert Crosbie Barmer. 

Mercuric fulminate detonates very readily on heating. Hoitsenm 
physiJeal Chem.. 1896. 21, 137) found that it could be caused 
to decompose uitliout explosion by slow heating, hut no measure- 
ments of the Yclocitv were made, and his oliservations as to the 
nature of the products are not confirmed. The present work shr>,s 
that under the conditions of the ^'acullm test described in Pai-t I 
(T 117 , 143-)- mercuric fulminate undergoes a regulated 

decomposition.’ The velocity curves are, however, of a most 
unusual type As shown by the curves given later, the first phase 
is a quiescent period, during which there is only a very slight evolu. 
tion of gas. Taking a typical example of the ordinary bimn 
mercnric fulminate at 80^ this puicsceiit period lasts for about 
eic^hty hours. Evolution of carbon dioxide then sets in and in- 
creases rapidly until it attains a velocity of about 0-25 c.c. per 
gram per hour, whereupon the rate remains fairly constant for some 
time. If the heating be continued, the velocity will increasr- 
gradually, notwithstanding the decrease in the quantity of fulminatr'. 
until nltimatclv the evolution of gas will cease almost abruptly, 
leaving an inert residue. The total gas evolved corresponds in 
the mean with 0-58 mol. per mol. of fulminate. 

Other reactions arc known in wiiieli an “ incubation period 
occurs, hut in general such reactions, after having once started, 
accelerate rapidly and continuously, whereas in the present case a 
catalyst appears to conic into existence very rapitlly, and then to 
remain for a time almost constant in quantity. 

'“White fulminate," which is prepared with Ww aid of ciijin*: 
chloride, beha\cs somewhat dilferently from tlie brown. li> 
initial quiescent period is considerably longer than that of brmvii 
fulminate: the commencement of the gas-evolution is not su 
abrupt, and the subsequent decomposition proceeds witli an accelera- 
tion, so that the velocity ultimately becomes greater than that of 
the brown fulminate. 

Experiments at different temperatures gave a temperature 
coefficient of M2 to M3 per degree. The most convenient tetii- 
perature for the measurements was 80^. The decomposition in 
partial atmosphere of air or carbon dioxide did not differ materjall} 
from that in a vacuum. 
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4part from the main decomposition with evolution of carbon 
dioxide, a very slow subsidiary decomposition also occurred, as 
'vva ‘5 shown by measurements in a vessel containing soda-lime. 
This proceeded with a slight acceleration from the start, and did 
not show any break in the velocity curve. 

The decomposition of white and of brown fulminate in presence 
of light at the ordinary temperature was also examined, and it was 
found that a slow decomposition occurred in the light, which did 
]iot take place in the dark. 

To o'airi an insight into the somc’what remarkable type of reaction 
which occurred on heating, experiments were made on the con- 
ditions which affected the velocity. It v\as proved, first, that the 
Ttiorcuric fulminate did not contain any absorbent for the gas 
evolved, Kuinerous additions of other compounds to the mercury 
fulminate were made, but in most cases these did not Tnaterially 
modify the nature of the decomposition, although certain admix- 
tures such as strong acids, accelerated the gas-evolution. Alkaline 
substances had a retarding tendency. Mercury compounds did 
not affect the velocity much. Water had a strong retarding 
influence, possibly giving rise to fulminurate. 

Extraction of the original fulminate with water or alcohol and 
subsequent drying did not affect the rate of decomposition. When 
mercuric fulminate was dissolved in potassium cyanide solution 
and reprecipitated, the type of curve wus not materially altered, 
hut the rate of decomposition was somewhat affected. Thus the 
difference between white and brown fulminate was much less 
marked after this treatjuent. 

When the fulminate was heated to the point of incipient gas- 
cvolutioii and cooled, it did not revert to its former condition, nor 
did the addition of fresh fulminate at this point modify the further 
course of the decomposition. On the other hand, extraction of 
the slightly decomposed fulminale with water or acetone removed 
the active catalyst to some extent, and delayed the further decom- 
position. Aildition of the residiu' of a decomposed fulminate to fresh 
fulminate caused a marked increase in the rate of evolution of gas, 
showing the formation of a catalyst during the decomposition. The 
carbon dioxide was found to be without intluenee on the vedoeity. 

The degree of subdivision had an important influence. Finely- 
ground fulminate decomposed more rajddly than the larger crystals. 
This is in agroenu'nt with the worli of Hinslielwood and Bowen 
[Phil. Mag., 1920, [vi], 40, .KiO) on potassium permanganate, etc., 
and would appear to indicate surface decomposition {see also Robert- 
son, T,, 1921, 119 , 15), although it is to be observed that tlie increase 
in the rate of decomposition is not so great as would have been 
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expected from the increase of surface on grinding. A similar effect 
to that of grinding was obtained when the mercuric fulminate was 
compressed into pellets, the crystals being thus disintegrated. 

Tt is of interest to compare the effect of subdivision on brown 
and white fulminates. In the case of brown fulminate, the quiescent 
period at 80® was shortened, but the velocity curve was otherwise 
almost unchanged. The effect of compressing white fulminate was to 
bring its decomposition curve almost into iiiie with that of compressed 
brown fulminates, namely, to shorten the incubation period vei-v 
considerably, and to make the outbreak of gas-evolution more abrupt, 

Reviewing the (wndcnce on the nature of the decomposition, the 
initial (juiescent pei'iod is not diu' to absorptioii (jf the. gas evolved; 
there is no indication of a I'cdarduig catalyst, and if the fulminate 
undergoes an intramolecular change, it shows no sign of reverting 
to its original condition on co(ding. Tli(‘ subsequent outbreak of 
decomposition is certainly due to the formation of a catalyst which 
was not originally present, as shown by the exlractioii experiments, 
It remaitis unexplained why the velocity, after rising so rapidly 
from practically zero, does not maintain its acceleration. Krom 
the experiments showing to what a degree the rate of (leeom})osition 
is affected by the })hysical condition, it appears possible that flic 
surface decomposition sets a limit to the rate at wliich the catalyst 
can act, but in the later stages of decomposition the rate per gram 
of unchanged fulminate becomes very mueli greaUu’. Tlie additin/) 
of certain substances such as dip lion via mine to mercuric fulminate 
gave curious effects, w liieli arc ditlicult to reconcile with any ordinary 
hypothesis, 

Experiment a l,. 

'riie method used was that described by tlu^ author in Fart 1 
[loc. cit.). As the compound is very sensitive to heat and frietinii. 
and detonates with great viulence, it was necessary to take piv- 
cautions against explosion. The glass test-tubes were surrounded 
by steel tubes of a thickness which had been shown by experiment 
to withstand the detonation of the rc'quired quantity of fulminate. 
Explosions were eiicoimtered in a few instances, notably in en- 
deavouring to find the velocities at higher temperatures in the 
determination of the temperature coenficient and in some exjieri- 
menta on admixtures, 

A temperature of 8(E was found most suitable for the majority 
of the raeasuicrnents. In general, there was practically no evolu- 
tion of gas for the first period of .se\'eral days, and decomposition 
then set in somewhat abruptly. On account of tiie abnorma! 
type of the velocity curves, it i;^ not convenient to compare the 
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volumes of gas after a given length of time as in previous instances 
(T., 1920, 117 , 1432, 1603); a much better comparison i.s obtained 
bv recording the lengths of time necessary for a given evolution 
of gas, for example, 2 c.c. or 5 c.c. Each c.c. of gas corre.sponrls 
with about 2*2 per cent, decomposition. 

Comparison of Fulminates from Different Sources. — Fig. 1 shows 
a number of typical instances. Thc.so fall into two classes. Taking 
1 gram at 80^ the ordinary brown fulminate shows a quiescent 
period of about eighty hours, and the decomposition then sfds in 
somewhat abruptly, and continues Avith a fairly constant velocity. 
White fulminate shows a much longer quiescent period, and then 
l)egias to dc'compose with an acceleration, gradually attaining a 
velocity A\hieh is greater than that shown by the })r(iwn fulminates. 


Vie.. 1. 

DccompOisillon of broini. a/ul u'ltifc Juliiiinatr.s at 80 . 



lufiuenre of Temperaiurc. — Tlu‘ gc'iieral ty[)e of the velocity 
curves was similar at different temperatures, hut at higher tem- 
peratures the initial quiescent period was .shorter, and the subse- 
quent velocity of decomposition Avas increased. At 10(F, explosions 
were liable to occur, and no measurements Avere made above this 
temperature. The folloAving table gives the values for a white and a 
broAvn fulminate. 


Influence of Temperature, 


T. BroAvn fulminate (1 gram). 


'IVnipci-ature 60 0' 

70' 4^ 

780r 

do 

70-9= 

80- r" 

Sl-0' 

80-0' 99-0' 

liours. 

liours. 

hours. 

liours. 

hours. 

hours. 

hours, hours. 

I’c.c 1124 

370 

00-7 

t)3-2 

94-2 

88-0 

8.7-0 

.34-3 — 

0..C 1227 

418 

113-3 

100-2 

100-7 

101-0 

100-0 

39-0 19-3 

10 c.c n87 

483 

133-.7 

’.24 -y 

124-0 

121-0 

— 

4o-7 — 
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FARMER : THE VELOCITY OF DECOMFOSITTOH 


Temperature 


2 c.c. 
5 e.c. 
10 c.e. 


II. White fulminate (1 gram). 


GO" 

70-G" 

80-0" 

80-2" 

89-6= 

hours. 

1897 

2010 

209G 

liours. 

750 

795 

826 

hours. 

175 

189 

hours. 

170 

182 

hours. 

62-0 

67-2 

70-8 


Fig. 2 shows the relationship between the temperature and the 
lo^^arithm of the time required for an evolution of 5 c.c. From this, 
the temperature coefficient is found to be M3 per degree. From 



these and other deteriuinatious a mean temperature coefficient of 
M2 per degree or 1 -To per o degrees was obtained. A similar tem- 
perature coefficient is obtained on eo]U]Jaring the velocities of 
decomposition after the quiescent period. 

Prolonged Healing of Mercuric Fidminale.—Pig. 3 shows the 
complete course of the decomposition of a iirown fulminate. The 
two curves show respectively the deeom])osi lions of 1 gram and 
0-14S gram of fulminate at 8(T , The (‘volution of gas is pro})ortional 
to tlic quantity of fulminate. It is seen that after the first (jiiiesccnt 
period the deeomposition proceeds at first with a nearly constam 
velocit}^ which increases sliglitl}' until the dcc‘omposition ultimately 
ceases almost abruptly. In order to ascertain whether the velocity 
was affected by the pressure of the gas, tlie tube was re-evacuated 
at intervals as shown by the points marked R in the curve. It h 
seen that the velocity was not affected by the re-evacuation. 

Total Evolution of Gas from Brown and White Fnhninates.—M'i^> 
is shown for a number of samples at 80= in the following tabic. 
The loss of weight was found to be the same at 100^ 







180 


FARMER : THE YELOC'ITY OF DKCOMPOSITION 

The residue from the decomposition formed a brown, insoluble 
material, tlie particles of which liad retained their original 
crystalline shaj'ic. The nature of the residue is being studied 
further. 

The gas evolvc'd was nearly pure carbon dioxide, and the loss of 
weight was iu accordance with this. In the case of browii ful- 
minate e.c. of gas eorrespomled with a loss of weight of 0-10:>(i 
gram (CO, requires 0-103r,), Tn file case of white fiilminato, 2!).(; 
c.c. weighed gram (CO, requires OOSSu). 

When inoreuric fulminate ivas heated in a tube containing soda, 
lime, separated fi-om the fulminate by a layer of glass wool, the ga>. 
evolution was reduced to a very low point. Prolonged heating 
sliowcd, howei iu, tliat apart from the evolution of earbon (lirisid,.. 
a slow dceoiiiposiliem of a dilfemd type oeenrred, giving gasr, 
whieli were not absoilusl by soda-liine. 


Eivhilioii of fiVi.se.s nlhir Hiail Carbon Dioxiilr. 

Brown fiilniiiiate No. 20. Quantity 2 grams. Temp. SO'. 


Time (hours) . 
C'.f, of ... 


inn !:,ii :!0U 2M) 300 330 m 

i.n;- 1113 0-30 (i-AT o-S(i 


Expcnim'nls ow ( Vf/rd////r tnul Oihe-r ComVilions. 


(1) Interruption after Incipient Oas Eivlution.^To gain informa- 
tion on the nature of the (juiescenl pt'riod it Avas necessary to a^eci- 
tain whether the mercuric fulminaie, after heating uotil the evolution 
of gas commenced, was capable of reverting to its original condition 


at a lower temperature. 

This was not the cas(>. Jn the e.vpcriment indicated by Hg. 4. 
curve 5, the heating at SU^ was iniernipted at the point shown hy 
a break in the curve. Tlie fnlmiiiate was then kept for some day> 
at the ordinary temperature, and again heated at 80 . It is seen 
that the decomposition iiroceeded as if there had been no such 
interruption. Moreover, it has lioen found that the fulminate can 
pass through the same phases of incubation period and active 
decomposition at low temperatures : thus when very old fulminate 
is heated, it gives a decomposition represeiited by the latter part 


of the curve in fig. 3. 

(2) Mixture of Fulminatf^, after Incipient Decompo.sition, tern 
Fresh Fulminate.— Hwch a mixture was tested to as('.ertain whether 
the unheatod fulmimilc contained an inhibiting catalyst, winch 
would delay the fuuhc-r decomp*)sition of tlu' partly lu'aterl fm- 
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ininate. In Kig* curve 2, one gram of brown fulminate was heated 
at 80^ to the point shown by a break in tlie curve. It was then 
cooled, and intimately mixed with 1 gram of fresh fulminate. On 
heating further, the evolution of gas continued as shown, without 
jijiv retardation due to the addition of fresh fulminate. It must 
be'adniittcd that the solid contact might in tliis case be insufficient 
to allow an inhibiting substanct; to exert its action, 

(3) Treatment of Fulminate with Carbon Um.rn/e.— The above 
experiment shows that the initial quiescent period is not due to 
absorption of the carbon dioxide i)y the fulminate or any small 


Fiu. 4. 



Time (hrs.) 20 40 OU SO 10 (( i 20 no l(i(i ISO 200 


quantity of foreign matter eontained in it. T’liis was cujilirmed by 
passing carbon dioxide over fulminate for some time. There was 
IK) gain in weight, and this treatment did not materially affect the 
decompo.sition curve. (Tirvc^ 3 iu Fig. 4 .'^hows the gas-evolution 
from fulminate previously ttvaled with carbon dioxide compared 
with the untreated sample {curve 4). 

(4) Decomposition in Frescnce of Air.- Comparisons were made 
in which the fulminate was healed at ()0® (1) in a vacuum, (2) under 
an air pre.s.snre of about .“>00 mui, The juTscnce of air had only 
a minor influence on tlie velocity, as shown by the following 
figures. 




1§2 FARMEK : THE VELOCITY OF DECCMFOStTION 


lujlnence, of 


Tulminate No. 24. 

Temperature 

60°. Quiii 

■itity 1 

. gram. 

Time 


of evolution in hours. 





1 c.c. 2 c.c. 

c.f'. 

4 c.c. 

r> c.c. 

6 (•.(;. 

In a vacuum 

StlS 9 2 it 

842 900 

970 

944 

1006 

983 

1039 

1020 

K)6!i 

10-53 

oOO mm. air prossuie 

945 1008 
900 10211 

10.52 

iut:^ 

1094 

1115 

1 135 
1156 

1193 


(o) Exiractioh with AIcgIioI. — As mercuric fulminate is washed 
very thoroughly with water iu the course of its manufacture, it 
follows that any catalyst which it contains (positive or negative) 
must be insoluble in water. A sample of Ibo fulminate was ex- 
tracted with alcoliol to ascertain whether this would remove the 
catalyst, but the decomposition wars not aAt^cied, 


Exiraclion of White Fidminutc iriih Alcohol 


Fulminate Xo. 8i) 

. Tcin 
of 

porature 8U 5 Quantity 1 gram, 
evolution in hours. 

Tiuii' 

Before cxlraction ... 
After extract iem ... 

i c.c. 

208 

210 

2 3 c.c. 4 c.c. -5 c.c. 

217 223 227 231 

219 224 22S 231 

lUr.C. 

243 

243 


(t>) Soltdioii iit> Cijanide and Jicpncipifahoi} . -Samples ueir 
dissolved in potassium cyanide and r(*precipitated. The elTeet nf 
this treatment on brown and white fulminates is shown in Tig. 1. 
Curves A and D show a brown and a Avbii.e fulminate respectively 
before treatment, anil curves B and ( ibe same fulminates after 
treatment (1 gram at 80"). It is seen tliat the brown and the white 
fulminate are broiiglit much nearer t( ‘get her, but the type of curve 
remains essentially unchanged, insofar as tliere is still an incubation 
period. This speaks against the presence of an impurity acting as 
an inhibiting agent. 

(7) Extyaction v'iih Solvents ajkr Bmiiai Decomposition .- X 
sample of fulminate (i gram) was heated to incipient gas -evolution. 
After ninety hours, it had evolved 0-5 e.c. of gas. Tortious were 
then extracteit for four days with cold water and acetone respec- 
tively, to ascertain whetlier the catalyst would be removed and 
the further decomposition retarded. In Tig. 4, curves 7 and 8, 
the portion up to ninety hours from the start represents the original 
hearing. Curve 8 ihows the conlinuation of the decomposition u) 
c.c. per gram after extraction with water and curve 7 after extrac- 
tion with acetone. This show,s that tiie accelerating catalyst was 
removed to some extent by the extractions. In a further experi- 
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laent (curve d) the original fulminate was heated until it had evolved 
,3 c.c. of gas and then extracted with warm water. On re-heating, 
it was dearly indicated that the catalyst had been partly removed 
(rune 0). 

(8) Catalytic Action of Iieddue. — The increase in velocity in the 
latter part of the decomposition, notwithstanding the decrease in 
the quantity of fulminate, points to the progressive formation of a 
ratalvst. To confirm this, the residue from the fulminate in Fig. 3 
was mixed with fresh fulminate and heated at 80 d This accelerated 
the dccom])osition, as shown in Fig. 4, in which curve No. 4 shows 
J frraui of brown fulminate without admixture, and curve No. 1 
shows 1 gram of the same fulminate with addition of 0-5 gram of 
residue, 

(0) Influence of Moisture, — This retarded the decomposition very 
strongly, as shown by the following comparison. 

fufluence of Moisture, 

Brown fulminate. Temperature SOT Quantity 1 gram. Time 

of evolution in hours. 

1 c.c. 2 c,c. 3 c.c. i c.c. 3 c.c. 

Fidininatc alone 74 IST U1 Uo 

,, 10 pcF’ cent, ot 

water 1 .SS 243 233 2<j3 

The water may have caused the fulminate to pass to some extent 
into the more stable fuiminurate. 

(10) Influence of Mercury Cotnjjounds. -^Metallic mercury and 
various mercury compounds were added to ascertain whether these 
affected the initial (piiescent period or the subse(|uent velocity of 
decomposition, but tiiese had only a slight influence. The tyj)e of 
curve remained unchanged, and the time of decomposition was not 
materially ailected. For an e^'olution of o c.c, per gram the original 
brown fulminate required one hundred and tweiity-two hours and 
the corresponding times for this fulminate uith li) per cent, of 
admixtures were as follows ; Mercury (111), mercuric oxide (122-d), 
mercuric chloride (119), mercuric evanide (Ub), mercurous cidoridc 
(110), mercurous oxalate (120). 

(1^) Inflect oj other Admixtures . — A range of admixtures was 
examined, in order to ascertain the types of compounds which 
iicceierated or retarded the evolution oi gas. The folloving table 
iihows the results for admixtares of lU per cent, of various sub- 
stances (1 gram of brown fulminate, UT gram of admixtun*) at 
So . Many of these fall so closely together that tiie admixtui'es 
uiay be said to be without ellect' on the stability. 



184 


FA TIMER ; THE VELOCITY OF DEC0MP081TI0K 


Influence of Admixtures. 

Brown fulminate. Quantity 1 gram. Temperature 80°. Tiuu. 
of evolution in lioiirs. 



2 c.c. 

.7 c.c. 


2 e.e. 

5 c, 

Xo adrnixtiin' 

, ]i)4 

122 

Litlnuiii carbonate 

. 100-5 

123. 

Magiu.’siiun 

. 11 2' a 

120-r) 

Magnesium carbonate 

140 

17.7 

Tin 

. l()2-5 

110 


. 1 12 

121 

Iron 

. 102 

120 

Barlujii carbonate 

. 100 

lit) 

Zinc 

. iOS-') 

127 ■•7 

Lead earhojiate 

. i)0 

111) 

Copper 

101 -.7 

118 

Lithium ])hosphate 

, 120 

140.. 

Rra^is 

, lOO'O 

117 

Calcium stearate 

. 133-5 

1.58-; 

Magnesium oxide, . 

, 120 

142 '.7 

Acetanilide 

. 104 

123 

Cupric oxide 

. 10,1 

no 

Cetene 

. 102 

117 

Zinc oxide 

. 100 

120-.7 

X It lie acid 

detonatec! 

Lead oxide 

. oil-f) 

lit) 

Benzoic acid 

. 104 


Red lead 

. 104-5 

120 

Potassium chlorate ... 

. 09 

m 

Sodium carbonate . 

., 134 

140 

Potassium permanganate 10.> 



In g('nci'al, it appears that strong acid accelerates the decom. 
position; Mcak organic acids have no noticeable effect; alkalis 
retard somewhat. It has been noted earlier that water has a 
pronounced retarding influ{'nce; hence substances containing anv 
trace, (ff moisture are liable to delay the evolution of gas. Organic 
bases gave some rather curious effects, as shown in the followincr 
table. 

Influmce of Xitrogru Bases. 


2c.c. 4 ac.c. Sr.r. lOr.c. 

(krbamitU’ 1-5 ■) f> IH) His 

Dkyanoditoiiidi' It.-i l.d;} ICO Klii 

Biuret 10<l 20!) 

Carhu 2 o!i- 114 127 

Plieiiazoiic do lliO 1S2 100 


111 one experiment, carltaniide gate rise to an explosion after 
three hours from the start. Oiphenylamine gave at first an 
accelerated evolution, followed liy a remarkable decrease in the 
velocity, and then after a (iine the rate of evolution again increased. 
This was considered sufficiently noteworthy to call for experiments 
on different percentages of diphenylamine (Fig. 5), The total gas 
evolved on licating to complete decomposition was practically 
normal (44-5 e.c, per gram). 

(12) Influence' of iSuJ>fiii'i^ion . — The degree of subdivision had a 
marked iniluence on the rate of decomposition on heating in a 
vacuum. In the case of brown fulminate, the type of the curve 
remained unchanged, but tlie initial (juiescent period wa.s con- 
siderably shortened A similar effect was iiroduccd by com- 
pressing the fulminate into pellets, as the high pressure crushed 
the crystals to a fine powder, * 
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Fio. 5. 


Mixtures of fulminate with diphenylamine.. 



Injiuence of (I rinding and ('untpre.'fsion. 

!Vmperature of test 8(1'^. (Quantity i gram. 'PinK' of evolution 
ill hours. 


1 0,0. 


U-roAvu fulminale Xo, 20. 

Original 82 

(j round under water and 

dried 71 

Ground dry .14 

Brown fulminate Xe. 24. 

Original !)7 


(Ground dry ,17 

{'ompressed pelli I (2 tons) 00 
,, (1(1 tons) IS 

>, ,, (2,1 tuns) 11 

Brown fuhninatc N'o. OG. 

Original 74 

Goiiipressed pellet (2 tons) 71 

.» „ (20 tons} 41 

M „ 10 ' 


2 r,e, 

3 c.e. 

4 c.o. 

1 o.e. 

<11 

00 

100 

104 

71 

78 

81 

84 

01 

07 

7(1 

73 

IDI 

111 

1 Iti 

120 

ti2 

00 

08 

70 

01 




04 

08 

70 

73 

10 

02 

01 

00 

82 

87 

ill 

91 

70 

83 

80 

88 

i:} 

10 

18 

19 

18 

01 

03 

0.1 
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FARMER : THE VELOCITY OF DECOMPOSITION 


The effect of subdivision on white fulminate is much more marked 
The quiescent period is greatly reduced and the type of cur\> 
becomes almost identical with that of a brown fulminate, as shoun 
in Fig. 6. Curve 7 shows an original white fulminate, curve 4 the 
same fulminate after grinding carefully in the dry state, curve :j 
after grinding under water and dr 5 dng, and curve 1 after com- 
pressing to a pellet, Cuiwe 5 shows an original brown fulminate, 
and curve 2 the same compressed to a pellet. In some eases, 
white fulminate, as originally received, contained a very larg- 
XJi'oportion of dust, and in sueli oases gave decomposition cur\c> 
ajjproximating to those of brown fulminates. An example of tliis 
is curve 6 in Fig. 6, which shows a white fulminate (Ko. 5i)j 
which was in a \'ery line stale of subdivision. 

Fig. G. 


Infiuzme of suhdivisio^i. 



Til one ca.se a mixture oi crystalline and litiely powdered fulininau 
(white) wa.s tested. Tn this ease, tln^ ]iiv,-cneo of the erystaHiiu- 
fulminate (lelaye<l the gas evolution fi-oui th.e finely powtieivil 
substance. 

X(i. of liuuif^ for an evolii 
t ioii of O-T) o.c. at 80'. 


Fine dust 0-0887 giiUii t]0 

Crysfai?! 0-1043 gram 

Mixture of these' 


The total evolution was apiji'uxnuati'ly normal (44-5 e.c, ]H>r 
gram). 

Jiijhttna:. of L\(jht. 

Brown and uhite fulminates were fniely ground and exposed U’ 
daylight in the vacuum test apparatus. The light caused a sligM 
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but distinct gas-evolution. This differed from the decomposition 
o’Uiscd h}’’ heat, as it proceeded continuously from the start When 
the apparatus was planed in the dark, the ev(dution ceased. 

Decompo-iiition of Mfr curie FulmbiaU by Light. 

( la.s eTOlution from 3 grams of fulmijuxte. .Mean temperature 19', 

so KJO 240 320 400 480 

Whito f'ltmiiiate Xo. 37 (c.c.) 0-11 0'23 0-30 0-37 — 

P,rowii fulminate No. 20 (e.r.) ... 0'04 Omg O’ll 0-14 ~ — 

ceil tinned ill dark 0-14 0'14 

further samples were sul)je(:tcd to daylight fur five weeks during 
tl,i’ lu’ight summer weather and then tested at 80^^. The tests 
.diowed tlipd the light had deteriorated the fu]mmatc.s appreciably. 


Vacuum Tc'Sts after Exposure to Light. 

4'i‘!!iperature of test 80®, Quantit}" 1 gram. Time of evolution 
in iionrs. 

1 c.c. 2 c.c. ;{ r.c. 4 c.c. j c.c. 


IJi'OWti lulminaO- Xo. 24. 

Bciuiv fCvpo.Mii-c !U> ln4 111 117 122 

After CApoduro S2 i)i) !)3 !l!j 102 

W liite fulminate No, 3 i 

Before exposure 102 173 isu iSo Is!) 

.XfP’r cvfin-cu'f lot l(iG 172 ITT 


i:i a iurthcr serie-, ilm combined iniluenc(“ of light and moisture 
;tl the ordinary temperature was exarnimal. the fulminates beimi 
^-d^d at SB' in a albi' keeping. 


\ ((aiHiK 'li>taflir l.xpo-siirr. to Light u/ul Jlotuturt . 

ih'uun fulminates, Temperaturt* 80“, Quantity 1 gram. 
'I'imr in liou) :' hir ila- c\ eli:{hiu of 2 c.c. of gas. 

Stui.el ill <i.ire. Sluit'd in light. 

No. 02 HI 11.10 

Xo. 24 1 1 1 101 

dlte thanks of the authoi' are due to the Director of .Ai-tillery for 
livi'iuissioii to publish thc: c n.'sults. 

B icst; R L‘ ii D !■: r \ k'i'M ; m 'i , 

Biiv.ii. W’l )i li. 


' Hi <•> h-iU . Xocf/xht ) 2Sey 1021.] 
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XXIIL— ^ Note on the ConsHMion of Benzene. 

By Bonald Frasice. 

The following is an attem|)t to apply Iho newer and more powerful 
stereochemical methods to the problem of the constitution of 
benzene. 

Existing struetnral formube may be classified as static or dynamic : 
there appears, however, to be a considerable body of evidenop 
converging on the conclusion that the electrons in the benzene 
molecule are arranged in a particularly stable configuration; that 
is, a static model is indicated, one in which no appreciable movement 
of the component parts of the molecule is possible. 

4 static formula receives strong support from the theory of 
Lewis {J. Amer. Chem. Soc., 1916, 38, 762), who would attrilmte 
colour in compounds to weakly held electrons. On his view, since 
benzene is colourless, it can be postulated a priori that all electrons 
common to any two carbon atoms, or to a carbon atom am! n 
hydrogen atom, are held firmly under definite forces. 

Again, it is well known that there exists a close connexion between 
the dielectric constant (Walden, Z. jAujslkal Chem., 1906, 54, 129). 
the condition of saturation of the simple molecules, and the ionising 
power of a solvent. Those solvents which possess a high dielectric 
constant are just those Avhieh have great dissociating power, ami 
which are themselves associated . The flii'lcctric constant of benzem' 
i.s very low, it is an associative, not a dissociative solvent . Its indi- 
vidual molecules are thus to be regarded as sinpile, a result also 
indicated by the Ebtvbs-Kamsay-Shields law. 'I hat is, thi-ir 
external field is small— a rt‘sult in agrei'inent with the low nudtiiw 
point of benzene. This means that the electrons in the molceuio 
are arranged in a very stable, and therefore symmetrical configura- 
tion; that is, they are all firmly held under delinite forces, as tlir 
colour theory of Lewis demands. 

On these grounds, then, a .static in preference to a dynamic model 
of the benzene molecule aiipears to be indicated. 

A weakness common to many of the older structures piopo^ol 
appears to lie m the fact that they are two-dimensional. It would 
seem verv unlikely that tlie six C’arbon atoms of benzene an n* 
planar; "^and soine sort of threc-diinensionai symmetry imu-i 
therefore he postulated. 

The mo.st symmetrical structure possible would be one in whicli 
the six carbon nuclei are symmetrically disposed on the sudarr 
of a .spliere. the centre of wliicb 'is tlu' e(mtre (d symmetry of tlir 
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iiiolccule. That is, the carbon nuclei are located at the six corners 
of a regular octahedron. 

it is clear, however, that such an arrangement cannot hold for 
the six hydrogen atoms, the positions of which determine those 
occupied by substituted groups. The behaviour of many ortho- 
clerivatives (for example, phthalic acid) indicates cleai-ly that two 
ii'oups in the oriAo-relation are decidedly nearer eaeli other than two 
inch groups in the wc^a-relation. 

In point of fact, it has been found that by aixanging the carbon 
iiiielei in the most symmetrical way possible, at the same I ime having 
ri't^ard to the sharing of electrons between earbuji atoms in accord- 
ance with Langmuir’s theory of co- valence, the positions taken up 
hy the hydrogen nuclei agree in every way wnth the considerations 
of the preceding paragraph. 

Furthermore, it will appear in the sequel that there is a structural, 
and not merely spatial, distinction between the or ?/io- position and 
the ?«e/u-position. 

Jt wus thought that Langmuir's tbeory (J. Amf^r. Cham, Soc,j 
1919, 41 , 868), in which a duplet (pair of electrons) held in common 
Ijetween two octets corresponds with the bond of the older 
theories, might prove successful in giving a definite picture of the 
benzene molecule. 

In benzene we have six carbon atoms, each with four electrons 
in the sheath ; and six hydrogen atoms, each with a single electron. 
There are thus thirty electrons available for the formation of octets. 
The number of octets formed is evidently six. 

Substituting the appropriate values of n and e in the “ oo- valence 
equation,” w'ritten 

where p is the number of duplets held in common (that is, the 
number of bonds), n the nu m ber of octets formed, and e the number of 
electrons available for the formation of octets, we obtain p = 9. 

Nine duplets have therefore to lie shared among the six carbon 
atoms arranged .symmetrically in space, 

big. 1 indicates the method of sharing proposed. Leaving out 
I'f account for the moment the actual contigurations adopted by the 
electrons in the carbon octets, it will readily be seen that the mode 
of sharing duplets, indicated diagrammatically in the figure by dotted 
lines, is consistent with syjumetry about the point 0, 

It will be seen that in each carbon octet one duplet is left free to 
hold the hydrogen nucleus. The six hydrogens are equivalent; 
for the condition, in relation to the molecule as a whole, of each 
carbon atom as regards sharing duplets with other i'kiTkiu atoms C 
precisely similar. 
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The figure also shows tliat three, and no more than three, disulii<ti. 
tution isomerides arc possible ; for, if a group be already substitut(>(] 
in position 1, position 4 corresponds with the j^am-position, 2 uini 
0 are equivalent, and correspond with the ort/io-positions, and tlu. 
equivalent positions 3 and 5 with the weht-positions; and sirnilarlv 
if any other carbon atom is placed in position 1 . 

Fic. I. 


5 



ji 


It might seem, from ;) .-tudy of ng. ( <ilo]io, tii-d [-xviuoi!- 
there numbered 3 and 5 arc in the o/t/io-relation to Xhi, I . and - and 
G in the -relation ; not vice versa, as stated. As a matter of 
fact, the kermh of carbon atoms 3 and 5 are actually closer tc3 that 
of 1 than are the kernels of 2 auri 6. owing to the inteipenetration 
of carbon sheaths sharing electrons in common. It will he clear 
later, from an examination of the space model I have constructed 
(Fig. 2), that, whilst this is so, the orientation of the carbon tetra- 
hedra is such that tin* hydrogen nucleus attached to carbon atom 1 
is actually nearer io the hydrogen nuclei attached to carbon atom.' 
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.1 Q than to those attached to 3 and 5. Thus 2 and 0 arc to be 
rcf^arded as ortho to No. 1, and 3 and o as mel(i. 

Considering now an?j one pair of carbon octets sharing electrons, 
it is clear that one and only one duplet is held in common between 
tlie octets. This is a point of particular interest in view of the results 
obtained by Pease [J, Amer. CJtem, Soc., 1921, 4b3, 991). 

Pease has studied the volumes of isosteres, using as a means of 
comparison the value of the constant b occurring in the equation 
of van der Waals. The values of 6 * are calculated from the relation 



\\hcre Tc, Pc the critical temperature and pressure. The 
reader is directed to Pease's paper for references concerning the 
critical data used here. 

Pease shows that there is a constant volume difference of 28 for 
the successive addition of a single hydrogen atom in II^O (136), 
NH3 (165), CH^ (191). He takes this value as representing the 
volume occupied by hydrogen in combination. He finds that, 
expressed in terms of a single atom, the values of a single neon octet 
combined in various ways are : sharing no pairs etc.), 80; 

sharing one pair 59; sharing two pains (0.^, CgH^), 72; 

sharing three pairs (Njj, O2H2), 87. These values refer to the sharing 
of duplets between two octets. He further suggests that the ratio 
SO/59 represents the relation between the cubic octet and the tetra- 
liedi’al octet of neon. 

Now the value of b for benzene is 537 ; subtracting 168 (28 X 6) 
from this, we get 369 as the value for the six carbon atoms. The 
value for a single carbon atom is thus 6T5. From this value it 
would appear that the carbon octet in benzene is of the tetrahedi’al 
Type, in which the eight electrons are located in pairs at the four 
corners of a regular tetrahedron. 

Further, on this view, any one pair of carbon octeU sharing ekdron.< 
holds one and only one, duplet in common beliceen the octets. This is 
precisely the result that follows the application of the co-valence 
equation, and indicates that there are no ethylcnic linkings between 
carbon atoms in the benzene molecule. 


The Space Model. 

A model of the molecule according to the foregoing conclusions 
has been constructed, of which Fig. 2 is a photograph. 

* The values of b us-ed here are all x 10^ 
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A study of Fig. 2 sliows ; 

(1) The six hydrogen atoms are equivalent (compare Fig. l). 
the model will present precisely the same appearance no matter 
which tetrahedron is placed in position 1 . This is brought out very 
clearly by the steroographic projection of the model (see Fig. 3), 
'Phe hydrogen nuclei lie on the surface of a sphere concentric with 
that bearing the carbon nuclei. 

(2) Three and only three disubstitution isomerides are possible 
(compare Fig. 1). 

Fw. 3 . 



(3) There is a structural, and not merely spatial distinctioi! 
between the mda- and orfilio-posjtioiis ; for wdiereas octets 3 and b. 
which are in the me^n-position to Xo. I, share a duplet with Xo. 1. 
octets 2 and 6, which are in the ort/io-position to Xo. 1, do not share 
a duplet with it. 

(4) Trisubst‘‘iitM Derivative<‘f.—]i] considering a three-dinien.<ional 
model, a new condition has been introduced with the third dimcnsicn. 
In a two-dimensional model, if the condition (2), that three and n" 
more than three disubstitution isomerides are possible, is satislicd, 
the correct inter-rdatiuns of groups in a tri substituted derivative 
follow automatically. This does not iiecessanly follow in a Ihro 
dimensional model, and the niodeh illustrated in Fig. 2 has thercfoiT 
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boen tested for a large number of trisubstituted derivatives. It has 
been found in every case to give results in complete agreement 
with chemical behaviour. 

If, for example, nitro-groups are introduced in positions (1), (3), 
and (5), gi^^g trinitrobenzene, 

H 

it will be found that the relations of the un.substituted hydrogen 
atoms among themselves, and to the nitro-groups agree perfectly with 
existing chemical theory. For example, hydrogen in position (2) will 
be found to be in the ^weta-position to the hydrogen atoms in positions 
(4) and (6), in the jyflra-position to the nitro-group in position (5), 
and in the -posit ion to the nitro-groups in positions (1) and {3}.* 

(o) Ethylenic Linkings —IheTe are no ethylenic linkings in the 
model proposed, and on several grounds (vide supra) none is to be 
expected. A^evertheless, the structure proposed seems to indicate 
that the molecular refractivity should be of a magnitude corre* 
.^ponding with the presence of three ethylenic linkings. On the 
Langmuir co- valence theory, an otliyleiiic linking is represented by 
two tetrahedral octets joined along an edge. Considering, let us 
say, carbon octets 2 and (i, it is evident that this condition is fulfilled, 
except that the adjacent central electrons (indicated by cross hatching 
in Fig. 2) are not shared between octets 2 and 6, but between 2 and 
0, and 6 and _3 respectively. The juxtaposition of the central 
electrons sharing with opposite carbon octets, would appear to confer 
lialf the value of a tn]e ethylenic linking as between carbon octets 
2 and 6. There are six such semi-eth 3 dcnic linkings in the proposed 
structure; hence one might be entitled to expect a value for the 
molecular refractivity indicating the presence of three true cthvdenic 
linkings. The indication of ethylenic linkings given bv the molecular 
refractivity has proved an insurniountahle objection to all structures 
liitlicrto propo.s 'd in which each carbon atom is attached to three 
otlims; hut the application of Langmuirs theory to tin* problem 
appears to remove, or at least materially to minimise, this diiliculty. 

It is iinnni'tiinl to note that tlic model proy>osed loads to asymmetry 
juiioug uLubstitiitod derivatives which ought to find ex]>rossion in the 
oucurrenoe of optical isomerisnu Thus a derivative containing three dis- 
similar group.s Ah i , and Z, ouglit to exist in h- and f- lonns, if Tig. 2 is a 
correei representation of tiie benzene molecule. Allliougli no benzene 
derivatives have a.s yet bocit isolated in optieally active forms, this doe-s not 
necessarily mean that they arc ineapalile of being so isolated; and the author 
intends if possible to test this point oxfx^riraentally. 

VOL. CXXl. ,, 
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((i) Benza,v liaaMondc, (VH,('lc.-To this additive pr.iduu, 
and of course to benzene hexabromide, is given a definite stnicliirc; 
it appears extremely probable that the six chlorine atoms are situat«l 
at the centroids of the equilateral triangles forming the bases of (|,, 
carbon tetrahedra, being held there by the equal electrostalit 
attraetions of the electrons which determine the triangles. One ,.,f 
thc.se triangular bases is shown shaded in tig. -. 

Stereogmphe Fmjedion.—lf a projection be made, on the 
zontal great circle, of the space model placed as in Fig. 2, a regular 
star-shaped form will be obtained (Fig. 3). The numbered eirolis 
represent hydrogen nuclei, and the lines joining them the manner in 
which the hydrogen nuclei are inter-connected— via the earliwi 
octets holding them. It has been noted already that it is tlir 
positions of the hydrogen nuclei, and only indirectly tho,sc of 1l„. 
carbon nuclei, which determine the positions adopted by enteriiijr 
groups. It will be observed that Fig. 3 corresponds exactly will, 
the modified form of Ladenhurg's original projection fonnala 
(“ Thcorie der aromatischen Verbiiidungcn,'’ Brunswick, 187C), 
e.xcept that the points of the star arc occupied by hydrogen micki 
and not by carbon atoms. 

Some interesting results follow the application of the present theui^ 
to the differences in the melting points of disubstitiition isoineridoN. 
and to the Crum-Brown rule. These uill now be considered. 

The tetrahedral arrangement of the electrons in the sheath of tlii' 
carbon atom is apparently a somewhat unusual one , the commoiU'bt 
type of configuration for neon and argon isosteres would seem to Ik- 
the cube. 

Now, when any of the hydrogen atoms of benzene is replaced by 
a cubic octet, or hy a group the kernel octet of which is cubic, the 
pair of electrons aUhe hydrogen corner of the corresponding carbon 
tetrahedron uill be drawn apart slightly, disclosing the keiiiel nf 
the carbon atom, d his will gi^’c rise to a small external field. 

Suppose a group sid^stitnted for hydrogen in position (1) (see 
Fig. 2); if a secojul group be intmduec'd. th(‘ niolenile will exhibi! 
jxdarity, due to the two [fosilively charged carl)on kernels thereby 
exposed. If tlie second gi'enip enter the or/ /m -posit ion or the ■mdu- 
position, the two positive charges will l)e asymmetrically disposed; 
in the posit ion, h.iwevia, the two pitsitive cliarges are 

symmetrically placed on a molecular axis, 

( )wing to the more perfect symmetry of the stray field, the stabilit} 
of a molecular system would appear to be greater in the ease of thr 
j 4 «ra-form than in the case of the oiiho’ or metu-iorm ; hence it b 
to be expected that pyra-sul)stilutcd di-dorivatives iihould (.(hbil 
a /i/V/Aer rndtiinj point iJuu! the correppond'uKj ortho- or meta-/waaW(/u. 
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of two molecular systems, one composed of the 
(fttho-ioTva, the other of the w da-form, would appear to be very 
similar; for the two positively charged carbon kernels are similarly 
situated in the two cases. ^Jevertheless, a difference in the melting 
jK)ints is to be looked for. Langmuir (J. Amcr. Chm. Soc., 1910, 
41. 1 a 1 ^) concludes that the melting poiiit is peculiarly sensitive 
to evc'u small changes in structure; and, as has already been noted, 
there is a structural distinction botA\eeji tlic unia- and the ortho- 
jiosiiions, iiiasmucli as carbon octets 8 and o sliart; a duplet with I, 
whereas 2 and 6 do not. 

The difficulty experienced in separating tin* xylenes may possibly 
ho due to the tetrahedral character of the carbon octet in the methyl 
group, whereby little or no external field is developed. 

Owing to the symmetrical disposition of the positive charges in 
the para -substituted isomorides, one would expect the molecules 
ill the liquid state to exhibit a tendency to set themselves out in 
chains, rings, or other definite formation. It has been estimated 
that ilia quantity of matter there are about as many free electrons 
present as there are molecules. Hence a possible structure for 
these chains would lie one in which a molecule and an clcetrou 
alternated; tliii.s: 

+ o + + 0 + >'• + O + o + o 

Sucli a .stable, definite orientation of the molecules might la- 
r.Kpccted to lead to the formation of liquid crystals. On these 
grounds, since no .such stable chain is possible with the asymmetri- 
cally charged mefa- and ortJio-foims, it is to be expected that para- 
isomeride.s would show this property to an enormously greater extent . 
The substances listed by Vorlauder {Ber,, 1906, 39, 803; 1907, 
40, 1415) bear out this deduction in a remarkable manner. ' 


The Rule of Constancy of Snh^'itiiulion-typi . 

It is well known that a second substituent is directed into tlie 
P^u-a-position or the orfho-poAtion by the presenci^ of : the halo<mns. 
and the groups OH, XH^, OH.^: liut into the we/«-po!=:ition by the 
groups 8 O 3 H, CXLH, X(),, a nd ( b\ . 

b IS evident that the groups wliieh .substitute in the para- and 
|Jd//o-p()sitioiis contain a single ocdrl ur equivalent stable oonfigura- 
|on. I he groups substituting in the //uVa-position contain two or 
ec octets. That is, the groups of small volume substitute in the 

Pm- md o/'^o-positions, tlie groiqis of large volume, in the meta- 
position. 

f’upposc a gruup uhvady Milis(it,itr,l iu (i). A snwid 

Jl 2 
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-similar group entering the molecule will tend, ceteris piTibvs, to go 
to the para -position, as being the most stable and symmetrica] 
arrangement possible. But an upper limit is set to the volume of 
the entering group by the strength of the bond between carbon 
octets 1 and 4; hence, if above a certain volume, the group will not 
readily enter the pam-position. 

If the entering group approach closely to carbon octet Ku. ] 
it will be attracted to it by the exposed kernel, and will tend to ufj 
to the ori/i o-position. The angle subtended at the centre by 
tions (1) and (2) or (6) is GO”; by positions (1) and (3) or (5), 120' 
Now, two groups (the group already introduced, and the enterincr 
group), will have to find room, preferably between positions (l) 
and (2) or (C), or else between (1) and (3) and (5) ; but (see Fig. 2) 
there is less room for them in the former case than in the latter 
Hence if the groups are above a certain volume, the entering group 
will not readily adopt the o/'t/m-position. 

Substituents of small volume, therefore, ^\'ould be expected to 
substitute in the para- and orf/io-positions for preference, substi. 
tuents of large volume in the mctc -posit ion. It is not claimed that 
volume is the only factor, but it appears beyond doubt that volumt 
considerations are of importance in determining the type of sub- 
stitution possible under given conditions. 

Chemistry Department, 

University of Aberdeen. [Received, December Uh, 1921,] 


XXIV — j(7/e AlUoracemisation of Potassium 
Chromioxalaie. 

By Eric Kkightlky Hideal and William Thumas. 

lx the course of his investigations on the optically active iuorgaiiir 
complex salts of chromuira, Werner found that the active forms ri 
potassium chromioxalate underwent rapid raeemisation in aqucoin 
solution. His data {Ber., 1912, 45, 30G1) indicate that aji aqiieoin 
solution of this salt possesses uegligil)k: activity after' a period of 
less than one hour and a half at room temperature. The in.stabi]itv 
of these active salts has likewise been conlirmed by Jaeger 
irav. cliim., 1919, 38, 171). Ihe velocity coefficient of auto- 
raceniLsatiou due to ’ntramolecular change lias genera 11 v a larp.' 
temperature coeliicieni. as is exemplified by the work of' Hills and 
Bain on salts of botn d-oxiininooyc/ohexane-4-carboxylic acid (this 
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the 

Journal, 1877, 31 , 1910) and c^/c/ohexanone-l-earboxylic acid 

benzoylptenylhydrazone. 

It was deemed of interest to investigate whether the inorganic 
(complex salts, of which potassium cliromioxalate is one of the most 
suitable for examination, possess a similar high velocity- tempcratun* 
oeificient and in addition whether the velocity of reaction is 
affected by a change in the environment of the salt, 


Fu;, I. 



4(ino 4o00 5000 5500 G0(»O OOOO 7000 

A f'n Anffs/rO/n 


K X P E R I M !■: X '1' A L . 

The racemic salt was prepared by Croft’s method, that is, a 
solution of potassium dichromate w^as heated vith the necessary 
junounts of potassium oxalate and oxalic acid, The complex salt 
'vas then precipitated from aqueous solution by the addition of 
three times its volume of 97 per cent, alcohol, The resolution was 
carried out by crystallisation of the potassium distrychnine salt 
I Werner, 1912,45,3001) and this converted into the tripotass- 
aun salt by means of potassium iodide, 

Dilute aqueous solutions of the salt w’cre prepared and these were 
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found to undergo rapid lacemisation at room temperature, 
general, a small amount of insoluble residue was left on solution 
of the salt in water; consequently, the dilute solution was poured 
off from the apparently insoluble residue and the concentration 
determined from the absorption spectra, the value thus obtained 
being confirmed by extrapolation of the specific rotation to zero time. 

In the following curves are given the data on the light absorptioi^ 
of dilute solutions of the salt in water over a range of \ = 4000 AX 

Fk:. 2. 



to A = 7000 A.U., the values of the absorption for various wave- 
lengths being deterininec] in a decimetre tube by means of a Nulling 
spec tr ophoto m et er . 

It vvill be noted that within the range examined the salt possesses 
strong general absorption w'ithin the region A = 4000 to 42o0 and 
a marked absorption band at A = ooOO to 6000 A.LT. 

For the determination of ihe rate of decay of the optical activity, 
a Hantzsch-Schinidt polarimeter was employed, utilising the promi- 
nent line A = 5461 A, IT. of a quartz mercury vapour lamp as a 
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saul'ce of illumination. Portions of dilute solutions maintained in a 
thermostat at the required temperature were removed from time to 
time and placed in a decimetre polarimeter tube also maintained at 
the same temperature. The time of measurement of each of the 
duplicate readings on the polarimeter could with a little practice 
l)e reduced to less than thirty seconds. 

The values thus obtained for the rotation were plotted as func- 
tions of the time, the velocity coefficients for five- minute intervals 
being calculated therefrom according to the general expression for 
H unimolecular reaction 

c). 

Ill the following tables are given the values of the observed angles 
(if rotation and the velocity constant K for different time intervals 
(The values of K are calculated to the natural base r with the second 
as unit of time). In spite of the smallness of the angle observed, a 
limitation imposed by the deep colour of the solution, the values for 
the constants calculated for a unimolecular reaction are sufficiently 
concordant to indicate that the racemisation follows this course. 


Temp. 

0^ 

ir. 


22 . 

24 . 

Cone, in 
jnole per 

litre. 

0 00144. 

0-00130. 

0-00143. 

0-00107. 

time in 

itiiii. 

ft*. /vXlO^ 

a*. AXxl0\ 

a* 

K : : 10-. 

a*. K 'Uy. 

''' 

."4:{ 

la-O 

liKO 

30-1 

47-2 

l!)-7 

31-0 

Od-S 

III 

.7)-S 

IH-I 

42-0 

2S-8 

,3<l-l 

.70-0 

29-1 

18-0 

].■; 

40-:; 

]tM 

3,8 ■! 

30-0 

34-0 

.lo-o 

24-1 

lS-0 

jii 

in-s 

1.V7 

31-1 

30-1 

2!)-t; 

41-4 

20*. 1 

.11-3 


44ii 

13-S 

32-0 

29-2 

20-3 

41-4 

17-3 

18-0 

oil 

42-8 

M-:. 

2!)-2 

28-3 

23-0 

13-0 

14-1 

5 8 ‘3 

a.“) 

41-0 

l.VO 

211-: 

29-0 

20-0 

13-9 

12-2 

40 

39-2 

14-5 

24-1 

30-1 

17-0 

IT-S 

10-3 

67-4 

4.’) 

30*0 

i4-(; 

20 -1 

2!)-7 

12-0 

t;3-3 

0-9 

07 ‘3 

'>(' 

70 

SO 

ill! 

Km 

33-0 

13'0 

ITI 

2S- 1 

1,10 

2(;-3 

111 

24-0 

17-1 

29-7 

14'.3 

20-3 

12-3 

8-2 

I'G 

()3-} 

t't; 


* i li<'_Viihit'- of a :irt' i n in Inindivilf lis of ;■>. lirni'i c'. 
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Mean value of X.0'000149, 0-000293. 0-000542, 0-000598. 

Extrapolating to zero time at 0“, we find d = 0-562°, -whence 

M = 1094°, and [3/] = 4760°. 

It wiU be noted that the temperature coefficient is relatively 
small, being approximately 1*75 for a rise of 10 , equivalent to an 
energy of activation of 9650 cals, per mole and an intramolecular 
vibration frequency of 1-031 X 10^^ (Arrhenius, Z.jihjsikal CJm.^ 
1889, 4, 226; Haber, Ber., 1880, 13, 1117, 1911). 

The low temperature coefficient indicates the probability that 
the reaction involves the solvent and is why pseudo-unimolceular. 
This is oontirmed by the fact that the dry salt can be bea-ted at W 
without undergoing racemisation, and that, as Werner indicated, 
addition of acetone to the solvent greatly decreases the rate of 
autoracemisation. 

The influence of acetone on the velocity constants is very marked, 
as is observable from the following experimental data. 


Acotonc Moles of acetono !Moles of water 
Temp 22-0" per cent. per litre. per litre. 

0 0 55-00 

40 .1-40 33'2:i 

GO 22-22 


K. 

0-000542 

0-000329 

0-000202 


The diminution in velocity may be ascribed (o a change in the 
thermodynamic environment of the salt, and with ilosanoff 
(J. Amer. Chem. Soc., 1913, 35, 173) we may express the reaction 
velocity as a function of the niolai' ('oneentrations and the si)eciiio 
catalytic effect of each constituent in an exponential form, 

K 

where a is the specific catalytic effect of the water of concentration 
w, b, and v are the corresponding values for acetone, and is tlie 
reaction velocity in an inactive environment. 

Inserting the above values we obtain 

0-000542 -= A |,R " 

0-000329 = K\^e 

0-000262 -- AV a ^ 8.25/.^ 

In pure acetone, the salt is entirely insoluble, and presumalily 
this salt exerts no specific catalytic action. Equating 6 = 0, w 
obtain for a the values 0-0205, 0*0225, and 0'0219, giving a uiean 
value of a = 0 0210 for the specific catalytic effect of the water, 
Likewise, for tho reaction velocity in an einuronment whidi 
exerts no specilic catalytic effect, we obtain a mean value of 
K = 0-000158, 
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The function of the acetone in reducing the reaction velocity is 
tfius one of replacement of an active solvent by an inactive one. 

Xot only docs the velocity coefficient of autoracemisation alter 
on the addition of acetone, but there occur simultaneously a decrease 
in the electrolytic conductivity of the solution and a marked change 
ill the absorption spectrum. 

The alteration in the absorption spectrum on the addition of 
acetone is depicted in Fig. 2. 

The conductivity of tlie various solutions Tv^as determined at 
by the method of Kohlrausch. The following values were 

obtained : 

Aqueous Solution. 


Salt content per cent. 
0*1028 
UOuU 
0-0257 
0-0200 
0-0041 
0-0000 


Molecular conductivity. 

340 

308 

402 

433 

697 

820 by extrapolation. 


The molecular conductivity calculated from the ionic conduc- 
tivUics of the potassium, chromium, and oxalate ions is 757. The 
above value of 820 for the moleculai conductivity is also far in excess 
of the value for other quaternary electrolytes. Thus the salt in 
dilute solutions dissociates entirely into the ions 3K‘, Cr-' and 
3C2O;'. 

In aqueous acetone, the molecular conductivities were found 
to be : 


Siilt cone, per cent. 40 per cent, acetono. 60 por cent, acetone. 

0-1028 183 13-> 

0-0514 104 IDI 

0-0257 -- no 

iiie supposition that autoracemisation in the case of the inorganic 
(omples salts is due to ioiiisation (see Tiiomas, T., 1921, 119 , 1140) 
is also supported by the fact that the complex oxalates of iron, 
chromium, and cobalt react with dilute silver nitrate with the 
; ionuation of silver oxalate. The ferri- complex, m hich racemises 
Autii great rapidity, gives immediate!}" a dense, white precipitate. 
The clu'omi-salt produces a precipitate on keeping. 


Stimmary, 

The absorption curve and the rate of autoracemisation of 
potassium chromioxalatc have been determined at various tempera- 
.urcs, the temperature coefficient was found to be approximately 
for a KF rise, and the critical energy increment 91)59 cal. j»er 
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gram- molecule . The absorption spectrum in water shows seloutive 
absorption within the region A 4000 — 4250 A.U.; and a band at 
A 5500—6000 A.U. Ill acetone, the rate of autoracemisation 
very much decreased. The change in velocity is apparently con. 
nected with the ionisation in solution, and is accompanied by changes 
both in the specific conductivity and in the absorption spectrum. 

Ukiveksity Chemical Lahokatoaies, 

Camhkidge. [Ihxdi'f^d, ISQvemhtr 192 ].'' 


XXV . — Prepamiion and Properties of the 
BenzocMoroamides, 

By Georoe Robert Elliott. 

The author found that th(? action of ammoniuni liydro.xidc on 
beiizomonochloro amide gives an almost quantitative yield of plicnv). 
carbamide ; as benzoylhydrazine, which might have been foreu'd 
does not undergo intramolecular change to phenyicarbamidc, tb' 
formation of the latter requires some other explanation. 

Several related anomalies have been recorded. Blacber {Ba-., 
1895, 28, 435), by the action of iodine on sodium benzamide, olitainol 
benzoylphenylcarbamide instead of tln^ substituted hydrazine 
expected. Tithcrley (T., 1901, 79, 391) obtained an alkylaoyt 
carbamide by the action of a sodamidc on a bromoamido. Folin 
{Amer. Chem. J., 1897, 19, 323) and Swartz {ibid., 1897, 19, 31!);, 
by the reaction of substituted bromoamide.s with sodium cthoxido, 
obtained substituted urethanes, and not hydroxvlamine derivatives 

Eacli of these results .seems to indicate the intermediate formation 
of a carbimide ; and up to this stage, all the reactions are probably 
identical with that of Hofmann for the preparation of amines from 
halogenoamides, which, according to Graebo and Rostovzefi 
1902, 35, 2747), passes through the following pliasi^s, where X 
rejircsents a halogen atom : 

H‘CO-NHX j MaOH — > Rd'U-XXaX IbXXa-GUX -> 

R*X:CO -r XfiX. 

K‘N:C0 H.0 ---> R-XH'CO^H R-NIJ,, |- GO.,. 

In the cases cited, ho^vever, it would seem tliat the stages suHo 
quent to tlie formation of ( lu' substituted earbimide become moditial; 
thus, with bcnzoehlnroaniide atxl ammonium hvdroxide, 

K*X:G0 - Xll^ RnXH-GOXli,; 
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with iodine and the sodamide, 

R-N:C0 -I- R-CO-NHNa ^ R’NH-CO-^\\a‘COR 
K-XH*CO‘NNa‘COR -f Kfi R-NH-CO*NH‘COR -f NaOH ; 

find with sodium ethoxide and a l)i‘omoamide, 

R-N:C0 + Eton R-NH-CO^Et. 

As phen 5 dcarbiraide is probably an iritermediato product in all 
these reactions, and as it also appears to be easily formed from 
benzomonochloroarnide, the study of the latter appeared to be of 
interest. Whilst attempting its preparation by the action of 
bleaching powder and acetic acid on benzamide (Render, Bet\, 
1886, 19 , 2274), the author found that when the amide was dissolved 
in moderately concentrated instead of in dilute acetic acid, the 
product was a heavy, yellow oil which appeared to be benzodU 
chloroamide, CgH^-CO-NClg ; as this compound does not appear to 
]]avc been described, some of its reactions were examined. 

The investigation of benzomonochhwoaraide showed that in all 
its reactions with alkalis the chloroamide is first converted into 
phenylcarbimidc, which then condenses with a suitable compound 
present. Experiment has further shown that benzomonochloro- 
aniidecan, in many cases, be employed as a source of phenylcarbimidc 
prepared in situ; being easily obtainable and capable of being 
stored without deterioration, the monochloroaraide may bring to 
DKire general use the great reactivity of the carbimide. 


Expert m e n t a l. 

l^reparaUon of Bcnzowonochloroanude and of Bmzodiddoroamuk. 

Datta and Ghosh {J. Jmer. (laan, <SV., 1913, 35 , 1044) prepared 
lienzomoiiochloroamidc' by chlorination for about four hours, of an 
aqueous suspension of benzamide, until the suspended solid had the 
de.sired melting point, \\orking with an aqueous or acetic acid 
solution, the author obtained a crystalline precipitate of the inono- 
(‘hloroamide, which on further chlorinatio]! changed into a heavy, 
.veliow oil, -which j)roved to be the dkhhroamkk, ('gH 5 ‘CO*X(’i.v 
With a more rapid stroatn of chlorine, tin- intermediate monJ- 
diioroamide did not appear. The action of hydrochloric acid on 
the oil gave the mojiochloroamidc' with evolution of chlorine; 
p'lisequently, the latter compound only is obtained by chlorination 

a hydrochlorio acid .solution of benzamide. GchxI results were 
jtiXauied ^\ith a saturated solution in a].)proximatcly 3A^acid; 

; ic moiiochloroamide separated almost immediately, and the time 
required for cumplet(' clilonnation of 10 grams of^jeiizamide was 
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prXl is obtained auto.natieally, and its punty is independent 
of the exact duration of the passage of chlorine. 


Iteadiom of Bmzomonochhroamide. 

The action of sodium hydroxide and of sodium carbonate on 
benlomonochloroamide has been elucidated by Hofmann 
1882 15 , 756), Gracbc and Bosloyzeft {he. ti .), ant ' • K 

cTc,« 1905 [ii]. 71 . 133 ; 72 , 297) with reference to the formation 

of anihne, diphenylcarbamide, and benzoylphenylcarbam.de. 

The co;ditlons for the preparation of the latter two subs an* 
are difficult to define, as the temperature, and more especially the 
concentrations of alltali and clrloroamide, determine the nature of 

the Tiiial product. _ . , 

According to the author's obscreatioiis, the^ formation of 
diphenylcarbamide reiiuires a dilute so ution of the eh oroam.de 
(at the most 2 grams per 100 c.c. of total solution) and A /o-sodinm 
hydroxide solution i wh i ist benzoylplienylcarbamide requires a more 
concentrated solution of the chloroamide (at least 2 grams per 40 c.e. 
of total solution) and S I'l-sodima hydroxide solution. 

The results of a few experiments at the ordinary temperatun 
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GO 
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Result with 
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In each case the substituted carbamide separated in necdle-s tlit 
reaction being slou er in the case of diphenylcarbamide than B 
that of benzoylplienylcarbamide, which was produced within a if' 
minutes, The yields were almost theoretical. ^ 

Pli'uiylcai’bimide is formed in each case, the divergence being ii* 
its subsequent reactions, The transformation into aniline 
Hofmann’s reaction) will affect only a part of the phenylcarbimi 
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if less concentrated alkali be used, and the aniline formed will then 
react with the remainder to give diphenylcarbamide. In the forma- 
tion of benzoylphcnylcarbamidc the phenylcarbimide does not 
reach the aniline stage, but, according to Stieglitz and Earle {Amer. 
Ckein. */., 1908, 30, 412), reacts with unchanged benzomonochloro- 
amide thus : 

. CpHs’CO'NHCl -f C^E^’^:CO - CJIyCO-XCl-CO-NH-CeH.. 

(’ H--C0‘XC1'C0-NH*C(5H5 + XaOH ^ 

' ' CsH^-CO-XH'CO-XH-Cflls + XaOCI. 

Benzonionochloroamide dissolves readily in ammonium hydroxide 
solution with development of heat, and on cooling, colourless needles 
of phenylcarbaraide separate; these, after recrystallisation from 
Avater, melt at 147°. A 90 per cent, yield of the pure suhstance 
(m. p. 147°) is obtained after the mother-liquor has been evaporated. 

As ammonium hydroxide no doubt first reacts as an alkali to 
give phenylcarbimide, a stream of dry ammonia was next passed 
into a warm benzene solution of the chloroamide. This caused 
the immediate separation of colourless needles (m. p. about 106° 
with loss of ammonia), which could not be rccrystalliscd from warm 
solvents owing to decomposition into ammonia and benzoraono- 
chloi’oamidc. This product was the ammonium salt of the chloro- 
amide, CgH^*CO‘XCl'NH4 ; it dissolved completely in cold water, 
but after some time a white precipitate separated. At room 
temperature the precipitation required several hours for completion, 
but at higher temperatures the product was dark in colour. The 
aqueous .solution contained ammonium chloride and was acid to 
litmus; during the reaction, carbon dioxide was formed, and the 
presence of a little aniline indicated the intermediate formation of 
phenylcarbimide. After several recrystallisations from benzene, 
tfie precipitate melted at 208° (Found: X — 16-65 per cent.); 
it was hydrolysed by sodium hydrnxid(' solution giving ammonia, 
aniline, and carbon dioxide, but ]io benzoic aciti. 

These facts show tlie compound to be .:?-diphenylbiuret, 
NH(CO*XFl?h)2 (m. p. 20S — 210°. Calc., X = 16-45 per cent.). 

The above reaction is not influeneed by tlie presence of a large 
excess of ammonium chloride, and therefore the intermediate 
formation of phenylcarbamide from phenylcarbimide and ionised 
ammonium chloride is improbable, since excess of the latter would 
then give phenylcarbamide as the final product. 

'fhe reactions which occur are possibly those indicated below : 

CoH.-CO-XCl-XH^ C^H.*X:CO + XII4CI. 

CfiH^-CO'XCbXH^ -f CjjHg-XlCO 

• CeH^-CO-XCl-XHg-CO-XH-CeHji. 
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The product, undergoing the usual Beckmann transformation 
may give the biuret ^vith or without fission to, and subsequent 
condensation of, phenylcarbiraide and phenylcarbamide hydro, 
chloride ; 

(1N -> CgH.-N 

(',,!l-Xll-('t>Xn-C'0‘NH-CpH,, I Hf’l, 

Swartz [lor. elf.) finind that sodium dlioxidc in alcoholic solutiun 
roads with ixuizobroiimauiide to give a mixture of benzaiindv 
])henylurothaiio, and benzoylphonyloarbarnido, the principal reaction 
in ooncenl rated solution being reduction of the l)ronummide, and 
in dilute solution, the formation of the urethane. 

The author's ex|X'rinien(s show that this reaction is slightly 
modified in tlu' (‘ase of benzoehloroamide owing to its greater Rtabilitv 
No reduction to benzamide was discovered, and the nature of thr 
product was determiiuai, not )>y the ('oiiecmt ration, but by llip 
amount of alkali used. 

Kzpcrimfnt 1 . — When equivalent (juantitles of s(vdium ethoxide 
ajul the ehloroamide were enipioyed, sodium ehloi'ide sepai'ated and 
phenylurethane remained in solution. 

Experiment //.— 'Wheji two equivalents of sodium (dhoxidr 
were employed, sodium ehlorhlt* separated first, and tlien a magma 
of needles consistitig of the sodium compo\nid of jdreuyiuretbaiie. 
('QH5’NXa‘C02Et (phenylurethane s(q)a rated immediattdy on addition 
of water to this compound). 

Experimnit HI.- With half an equivalent of .sodium etlioxidr. 
benzoylphenylcarbamide was obtained, the phenylearbimide having: 
condensed with unclianged heuzochloroamido even in presence at 
excess of alcohol. 

By adding sodium hydroxide solution drop by <b'op to a mixtmr 
of the ehloroamide and a slight excess of phenol suspended in a little 
water, with constant shaking in the cold, a magma of noedlo 
shaped crystals was obtained ; this compound, on recrystallisatkm 
from benzene, melted at U()\ and proved to be phenyl phenyl- 
carbamate, C^jHg-XHT'O'O'C^jH.. 

An attempt to prepare the hydrazine, C\K^<|:!^>X*XH*EU-C5H.. 

was made by treating the eldoroamidc xvith potassium phthaliinidr 
in alcoholic solution : but the precipitate which xvas rapidly formed 
crystallised from alcohol in colourless lU'cdles melting at I 4 (t . and 

provcfl to be pMIHi/lphmplairhanridr. f 'O'XH’CfH-. 
which has not previously jxxm described. 
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Tho action on the chloroamide of ethyl sodiomalonatc suspended 
in benzene was examined in order to discover if the phenylcarbiiuide 
produced would react with the enolic form of ethyl malonate ; but 
even in absence of sodiiiin ethoxide, benzoylphenylcarbamide was 
obtained. The reaction was evidently : 


A'()„Kt 

(ii ■ 


(< 


OEt 

OXa 




y<'0,VA 

('H, 1 

\’(),>K1 


jind (lie ])henylear()iinide tlien formed through the usual scab's (jf 
I'caetioiis, eonibined witli unchanged chloroamide. 

K(|ui\'alent quantitie.s of sodiiun and benzocliloroainidc' were 
heated together under rt'flux for two hours in dry benzc'ne solution. 
Sodium chloride .separated, and on cooling, benzoylphenylcarbamide 
was ileposited ; no evidence of the presence of a hydrazine w as 
obtained. As no alkali was present, the equations for the formation 
of benzoylplmnylcarbamide by the action of sodium hydroxide 
Inquire inotlilieatiou ; and to conform with the facts discovered by 
Stieglitz and Karle (/or. cit.), that pheindcarbiniide w ill not condense 
with acid amides, altlumgh it does so readily witli acid halogeno- 
auiides. the simplest n-pri'sentatimi of the reactioii s<M'ms to be : 

t’.H.d’O'XHt'l ■ Xa (\dl.-;(t)-XXaCl i- K 

C,H,;X:C'0 -- Xad : H. 

(\,HX’()-XIi(i : (^i.-XitO (’,Hy(’()-X(T('()-XH*(‘,H.. 
(VHy(’(KX(’l-('0'XH-(\,H, H., 

('.H^-CO-XH-COXH-CVHs - llCl. 

Benzochloroaniide was heated under reflux with excess of dry 
benzene in the ])res('nct' of anliydrous alnminium chloride for several 
hours, in an attemj)t to obtain beiizaiiilide. Hydrogen chloride 
was evolved, but the main })roduet proved to be benzaniide ; in 
absence of aluminium chloride, the chloroamide remained unchanged. 

The main product of the action of aniline on benzocliloroarnide 
proved to be benzanilide. and no substituted hydrazine was formed. 
When dimethylaniline was employed, the mixture jiassed throiigli 
shades of green and blin*, to give, finally, a violet solution wlucli, 
oil cooling, deposited crystals. This compound, [mrified by dis- 
tillation, proved to be bcnzamidc. The violet coloration was due 
to the formation of traces of metliyl- violet, which according to 
BriiniKT and Brandenburg [lif'r., 1877, 11, b07), is produced by 
tile action of hrorniiie on dimethylaniline. 
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The Use of Benzochhroamide as a Subsiiiute for Phenylcarbimidt 

The experiments on the action of sodium ethoxide and of sodium 
phenoxide on benzochloroamide have indicated the procedure 
npcpssarv to brin^r about the condensation of the phenylcarbimide 
formed, with a compound containing an alcoholic or a phenolic 
hydroxyl group. The preferential condensation of the phcnvl. 
cibimide with excess of the chloroamide in presence of alcohol 
further indicated that alcohol could be used as an indifferent solvent, 
and sodium ethoxide as alkali, provided that the compound witl, 
rvhich it was desired to bring about condensation were an amino, 
compound present in slight excess. , , , . , , 

In an attempt to prepare phenyl-p-tolylcarbamide from p. 
toluidine and benzochloroamide, the use of sodium hydroxide with 
an aqueous or dilute alcoholic solution of the mixed cornpomids 
was unsuccessful ; but by dissolving the mixture in alcohol and 1l,e„ 
adding an alcoholic solution of sodium ethoxide, a crystalline mas 
was obtained which proved to be phenyl-p-tolylcarbamide (imp, 
212°). 

Combination Avith aniline found to take place in aqueous 
solution. Thus dipbcnylcarbamidc was most simply prepared In- 
warming a dilute .sodium hydroxide solution of the chloroamide 
in presence of an equivalent quantity of aniline ; the yield 
almost quantitative. 

These results seem to indicate that although preliminary experi- 
ment is necessary to ascertain the best conditions for the condensation 
to take place, beiizomonochloroamidc can be used, in many cases, 
as a source of phenylcarbimide prepared in situ. 

Readions of Benzodicldoroamidr, ('pJlyCO'XClo. 

This compound, nhicli is a heavy, yellow oil, proved to be very 
unstable, and on exposure to air for several days lost chloriin' 
continuously, giving beii/.omonochloroamide. It readily conveitf'ii 
berrsamide or acetamide to the monochloroamidc. With hydro 
chloric acid and with sulphurous acid it gave the monochloroamidc, 
a vigorous evolution of chlorine taking place in the former case. 
It gradually dissolved, apparently unchanged, in concentrated 
sulphuric acid, but on dilution with water, chlorine was evolved 
and the monochloroarnide separated. 

The dichloroauiide dissolved in cold sodium carbonate solution, 
slowly and with evfdution of carbon dioxide and nitrogen. On 
acidifying the solution, a precipitate of benzoic acid was obtained. 
On boiUng the soclium carbonate* solution with sodium hydroxide. 
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no aniline was formed ; the possibility of the formation of sodiobenzo- 
clilotoainide as an intermediate compound was thus excluded, 
^ince Hofmann’s reaction would then have progressed. The oil 
tiissolvcd much more quickly in dilute sodium hydroxide solution, 
with development of heat and evolution of nitrogen. Jn the early 
Stases of the reaction an odour of benzonitrilc was noticeable, but 
this was soon masked by an overwhelming odour of the carbylamine. 
\ little aniline was obtained by distilling the alkaline solution in 
steam, indicating the formation of phenylcarbimide at some stage. 
Bv acidifying, benzoic acid was obtained at all stages, even before 
tiie odour of the carbylamine became evident. 

Assuming the oil to be benzodichloroamide, its action with 
alkalis is readily explained. Displacement of chlorine atoms by 
jivdroxyl groups probably first occurs, and the unstable compound 
CgH 5 -CO*N(OH )2 can then decompose in the tliree ways yielding 

(1) CgHg'CX 4- Go -f H.,0, (2) -j- Or, -k H,>0, and 

(3) CeH^-N:CO 4- 0 + H.O, 

the phenylcarbimide in (3) being formed either directly or by 
oxidation of the carbylamine. The reaction with sodium carbonate 
solution appears to be confined to reaction (1 ) ; but sodium hydroxide 
solution gives all three products. The formation of nitrogen is 
explained by the oxidation of the ammonia Liberated in the hydrolysis 
of benzonitrilc to benzoic acid. 

The action of ammonium hydroxide on the oil gave phenvl- 
earbainidc with development of heat; the formation of nitrogen 
trichloride, indicated by a flash in the tube, cojifirmed the preliminan- 
reduction of tlie dichloroamide to the monochloroajuide requisite 
for the production of the phenylcarbamidc. 

The evidence of a clfioriiie estimation cannot be taken as conclusive 
evidence of the chlorine content of the oil, owing to the continuous 
loss of chlorine making impossible the choice of a samjde free from 
dissolved chlorine, yet undecomposed. A sample which had been 
exposed to the air for two day.'^ gave CT 35 p>er cent. (Calc.. Cl — 
37-3 per cent.). 

In conclusion, the author wishes to express his indebtedness to 
Professor F. S. Kipping, F.R.S., for his Interest in this work, 

Thf Chksiistry Department, 

University College, Nottingham. [Received, Jioxe 22rd, 1921.] 
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XXV I . - Oxidising Properlks of Sulphur Dioxidf 
Part III. Copper (^hlorides. 

By Wifjj.ui War[)T.\w and Frederic Wiijjam Plnkard 

The prt*,scHt oomniunication is an account nf experiments niaiji 
with the oliject of extending our knowledge of the oxidising propfi' 
ties of sulphur dioxide. The earlier work on the subject is detailii 
in Proc, IhirJmm Phil Noe., 1914, 5, 187 ; T., 1920, 117, 1093, ]:) 4 | 
By analogy with the reactions of ferrous chloride (T., 1920, I 17 
1093), it was thought that under appropriate conditions ciipi'ous 
cldoride could he oxidised l)y sulphur dioxide in the ])res('uec (sf 
liydrochlorie acid. 


Experimental. 

The known instability of rn))roiis eiiloride in tlu' preseneo of air 
made it essential that spc^cial pi'ecautions should he taken to eMsii]'i: 
that the initial solution of cuprous chloride in the liydrochlorie add 
should he free from any cupric salt. Tln^ following method 
excellent cuproii.s chloride. 


Preparntion nf Cuprous ('hJoridr. 

Into a strong aqueous solution of cupric chloride maintained at 
about 90° in a water-bath a continuous stream of .sulphur dioxide 
was passed. Cuprous chloride separated in stnall crystals and 
after several hours a good yield of the salt was obtained. Tlit 
flask was then sealed and kept over-night. It was found that, 
unless this was done, the tine condition of the salt hvst prodnool 
led, on filtration, to the formation of a pasty mass difficult to free 
from cupric chloride, On keeping, however, it became much more 
granular, and was easily filtered and washed. The filtration \u> 
carried out with a largt' Gooch funnel as tlie containing vessel 
Cuprous chloride, especially in the moist condition, is very suscep- 
tible to the at’tion of light (\ ogel), The funnel therefore was 
enveloped in hdack paper to prevent this decomposition. After a 
thorough washing witli suipliurous acid, the white product was 
rnially washed in a current of carbon dioxide with glacial acetic- 
acid, alcohol, and ether respccti^■ely. Tt n as dried as completely a> 
possible in the current of carbon dioxide and finally in a hot 'air- 
oven, the mass being turned ovcr*a( intervals. Lastly, the .salt wa? 
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pliml iu covered with black paper, sealed, and kej)t in 

a ,Urk place. 

Apparatus, 

];jc, 1 represents the apparatus used in tlic fii’st experiments. 

Ill carrying out an experiment, the whole apparatus was first 
llllcd ^vitli carbon dioxich'.* To ensure the burette being ])roperly 
tjllrtl with the gas, ii, wa.s closed with open. When this was 
.i^.,.,un]ilislied, G.^ was ojiened and G-^ closed. The apparatus 


Fic. !. 



lidving been freed from air, the current of carbon dioxide was 
■ontiniied and a certain quantity of the prepared cuprous chloride 
vas introduced from a weighing bottle into the flask A. A certain 
olnnae of acid was then poured into the thistle-funnel of the flask A 
md the current of carbon dioxide diverted by means of the T-piece 
f while the acid was running on to the cuprous chloride. On gcntlv 
baking, the hulk of the cuprous chloritle dissolved. The carbon 

The carbon dioxide was drawn from a cylinder, inio dissolved air 
^'I'iipes with the first portions of tlio liquid volatilising ; the gas subsequentlv 
■initted contains onlv a minimal quantity of oxygen (comijarc Farmer T 
117 , 144(i). ■ ‘ 
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dioxide was then allowed to pass into the flask A, where it exerted a 
pressure and forced the solution direct into the reaction flask £, 
The same procedure was adopted until the whole of the cuprous 
chloride was dissolved in a definite volume of acid. Expni. 
ments showed that the oxidation of the cuprous salt was i,„i 

measurable. . i . 

With the carbon dioxide now running through the solulion. 
sulphur dioxide was admitted. The cuiTent of carbon dioxide 
now discontinued, and the sulphur dioxide and cuprous salt «m. 
allowed to react for a definite period. In all experiments the 
temperature was kept constant by immersing the reaction Hast 
in an oil-hath at 95“. At the end of the reaction the siilpliu, 
dioxide was driven out by the passage of carbon dioxide throust 
the warm solution, and the solution cooled in a current of the gas. 


JIi/k)rI of Analysis. 

By closing clip and o])ening clip G^, the carbon dioxide nas 
diverted from the solution. On closing clip (jg opening Gj, 
the solution was driven from the reaction flask into the burette U. 
By closing G^ and reopening G^, the solution was protected from 
atmospheric oxidation. 

To determine the degree of oxidation of the mixture, use 
made of the method detailed by Rbead (T, 1906, 89, 1491) and 
explained by Knccht and Hibbert (“ Ne^\■ Boduction Methods in 
Volumetric Anah'sis, ' p. o5). 

Ten c.c. of tlie cooled solution were run out of the burette II into 
a flask containing 10 c.c. of standard ferric alum solution, uhicl 
had been acidified with concentrated hydrochloric acid and con- 
tained excess of potassium thiocyanate, and through which a current 
of carbon dioxide was passing. After the addition of the copper 
solution the contents of the flask were titrated n ith titanous ehlorKle 
solution until the red colour of the ferric tliiocyanate was jujt 
discharged. Knowing the titre of the 10 c.c. of ferric alum solutio: 
used, one could readily calculate the amount of cupric copper pre.fent 
in the mixture. 

To determine the total copper in the solution, 5 c.c. wore run 
directly from tlie burette H into a flask, water and sodium perosidt 
were added, and the sidulion was heated to boiling until chlorine va? 
no longer evolved. The volume was then made up to 500 c.c., 'M 
25 c.c. were u -ed for the titration, as previously explained. 

In connexion with the I'caction between titanous chloride am 
ferric salts, Tborntem and Chapman {J, Amcr. Chem. Soc., 19111 
43, 91) have specified definite 'conditions. The present authors 
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substantially confirmed the main conclusions drawn by 
these investigators. 

Descriptioii of the Phenomenon. 

The solution obtained by dissolving the cuprous chloride in pure 
concentrated hydiochloric acid was colourless. On passing sulphur 
dioxide into this solution, the colour darkened immediately and 
became reddish-brown. On further passage of the gas, the colour 
continued to darken and a distinct opalescence was visible in the 
flask after about ten minutes. The opalescence became more 
pronounced as the reaction proceeded. 


Qm^ititaiive Asj^ect of the Reaction. 

When sulphur dioxide oxidises cuprous chloride in the presence 
of concentrated hydrochloric acid, two possible reactions may be 
involved. They correspond (a) with direct reduction of the sulphur 
dioxide to sulphur, {b) with initial reduction of the .sulphur dioxide to 
hydi’Ogen Milphidc, which, with excess of sulphur dioxide, reacts to 
form sulphur. Both reactions are rej) resented finally by the 
o(piation : 

(1) 2Cu2Cb H- 4HC1 d- SO 2 - 4CuCl2 + 2 H 2 O -b S 

so that it is impossible to differentiate quantitatively between 
them. 

To determine whether the reaction proceeded in accord with the 
above equation, known weights of cuprous chloride were dissolved 
ill 250 c.c. of concentrated {33 per cent.) hydrochloric acid, and 
sulphur dioxide was passed into the solution for about four hours, 
whereby sulphur was hberated. The percentage of cupric salt was 
determined as described, and the sulphur estimated after the 
solution had been filtered through a Gooch crucible. 

Table I. 


Grams of copper in 250 c.c. 

Cupric copper 

Sulphur. 

of the cuprous chloritle 

100 . 

Gram. 

Calc. 

solution, 

Total copper 

Gran). 

5'02 

3't) 

0 024S 

0-0252 

7'U2 

5 0 

O-OoOS 

O-040S 

8-00 

n-{} 

00o32 

0-0503 


from these results it can be concluded that the equation formulated 
above represents the reaction. 
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Injiuence of Concmtration of Cuprous Chloride. 

\’arying quantities of cuprous cliloride were dissolved in 250 c.e, 
of concentrated hydrochloric acid. Sulphur dioxide was passed 
through the solution for four hours, and the amount of cupric 
chloride subsequently estimated. 


Tabli-: 11 


Experiment.,, 

Grams of cuprous topper in 
250 c.c. of acid S-l- 

Cupric c opper 2-7 

Total copper 



(i 

“ 

« !) 

5'02 


8-00 

B-25 U-So 

3-6 

4-08 

5-6 

0-1 7-0 


These results clearly indicate that tiie degree of oxidation j, 
dependent on the initial concentration of cuprous salt. 


Inllueace of Concentratiou of Ac\d. 

Cuprous chloride (11 grams), dissolved in 250 c.c. of acid (1 pan 
of 33 per cent, hydrochloric acid : 1 pari of water) and treated with 
sulphur dioxide for four hours, was oxidised to the extent of 1-8 prr 
cent. It was noticed that in addition to sulphur, a certain amount 
of a black precipitate was also produced. At a lo^yer concentration 
of acid {1 part of acid : 2 parts of water) tlu^ cuprous chloride no 
longer reacted with the sulphur dioxide so as to give a deposition of 
sulphur, but instead, at the end of four lunirs, a heavy black preci- 
[liiale was formed. A qualitative examination of the precipitate 
indicated cuprous sulphide. 

The format iou of this precipitate made it a matter of gicat 
difficulty to withdraw the solution directly from the burette for 
analysis, and the folhnving Hltration d('^'icc was therefore added 
(Fig. 2). 

The flask, T, containing 10 c.c, of ferric alum, an excess of con- 
centrated hydrochloric acid, and potassium thiocyanate, ha^inL' 
been filled with carbon dioxide', the current of gas was discontimied 
and the pump siuwly started, hive or ten c.c. of the solution 
allowed to flow from the hurettc, H, and filtered by means of tin 
Gooch crucible, R. When all the solution had liltercd through, tin 
suction drew f;oin the tube, I , dilute h 3 xlrochIoric acid, whidi 
thoroughly ivashed the precipitate free from adhering copper salt 
A rapid current of carbon dioxide was noAv passed and siniultaiu'- 
ously the funnel in the bottle, opened. In this ivay 
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the eiipf’uus salt was guarded from oxidation while the pressure was 
lieiti*' readjusted. The solution in the flask, T, was then titrated 
xvith the standard titanous chloride. 


Fig. 2. 



The results obtained are given in the following tal)le. 


Tahli: fIT. 


l)iti';iti(Hi ot (’xpri iincnt 

1 

'our lunirs. 

^oUitkiii 

KxpL'ii- 

UoiitA'iitmlcd 

hydrochloric 

acid. 

] 

Water. 

llmA'n grams of cuprous chloi’ido in the aeiil 
.speeifiod in eohirnns 2 anti 3. 

iiK'nt. 

t'.c. 

(;.e. 

Kc'iimrks. 

It) 

1 1 

2oU 

0 

Sul]>liur only. 

IJ 

lAii 

1 ( )() 

.Much sulphur sjiudl Idaek pieripitute. 

l:> 

14 

12:» 

! 2.') 

iSulphur -l black precipitate. 

S2 

Ids 

Black preci])itat4' only. 

l.‘» 

1(1 

(12 

ISS 

Black precipitate. 

.'»{( 

2('0 

Small black procipitati'. 

17 

40 

210 

Sliglit brown prccijiitate. 

IS 

l!l 

:is 

212 

Slight oxidHli(Jii. 


2U) 

No oxidation. 

2() 


220 
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Apparently cuprous chloride in the presence of acid of smaller 
concentration than that used in experiment 18 is not acted oij 
by sulplmr dioxide. It also appears that there is some delhiitf. 
concentration of hydrochloric acid, above \\hich cuprous chio]i(is.. 
and sulphur dioxide react with the separation of sulphur only, aii 
intermediate concentration of acid in which both sulphur and the 
black sulphide are precipitated, and a final stage in which the 
sulphur dioxide reacts to give the sulphide only. 

In experiments U and 15, analysis showed that when the pn.fi. 
pitate was washed with dilute hydrochloric acid and then with 
air-free water and dried, it still contained large and variable quaii. 
tities of chloride. When, however, a concentrated solution of 
sodium chloride was used instead of the hydrochloric acid, tin 
amount of chloride in the precipitate was negligible, and analyi^ 
gave percentages of cupper and sulphur in close accord with thoso 
required by the formula CU 2 S (Found Cu — 78-7 ; 8 = 
Calc., Cu ~ 79-8 ; S — 20-1 per cent.). 


Degree of Oxidation in a Spicial Case. 

With the apparatus shown in Fig. 2, the following results weir 
obtained. 

Table IV, 

Four hours. 

Eleven grams of cuprous chloride in 250 c.i-. 
of acid (82 c.c. of concentrated hydrochloric 
acid and IGS c.c. of water). 

21 22 23 

ho 1-2 i 1-30 

Tlte abo\e are results of experiments in vhieh the black cuproDs 
sulphide was deposited, It might be expected tliat in view of the 
withdrawal of one of the products of tlie reaction the degree of 
oxidation would have been gixxUer. Xliis, however, is not supported 
by the experimental evidence. 


Duration of experimeut 
Solution 

Experiment 

Cupnooopper,,j,,^ 
lotal copper 


hiinit of Reduction of Cupric Cldoridc by Sulplmr Dioxide in ton- 
cenimted UydrocJdoric Acid Soluiion. 

It has been shown by Wardhaw and Clews (T., 1920, 117, 109?; 
that ferric chloride di.ssolved iu excess of hydroeiiloric acid 
incompletely reduced by sulphur dioxide. It was thought that 
cupric chloride might behave similarly. Solutions were ])repai’ed 
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with a constant copper content but having as constituents varying 
percentages of cupric and cuprous chlorides. 

Table V. 

Concentration 0‘33 Cram of copper in 250 e.c. of concen- 

trated (33 per cent.) hydrochloric acid. 


Duration of experijnents 

Four hours. 



Cupric copper 


Expeii- 

Total 

A lUU. 

copper 


raent. 

Initial value. Final value. 

Itemarks, 

24 

100 

22-2 

Sulplmlo foriiKal. 

25 

22 

10‘5 

») >) 

2<i 

15 

7-5 


27 

0-8 

8-S 

,, j, 

2S 

G-70 

7*14 

\o siil[)]ial(‘. 



Table VI . 



Duration of experiments ... Four hours. 


E.xpcri- 

ment. 

Crams of total 
copper in 250 
e.c. of acid. 

Cupric copper 

Total copper ^ 

Initial value. Final value. 

Remark.^, 

20 

3-51 (:i 

100 

56-G9 

Sulphate formed. 

30 

3-903 

57 

38-0 

31 

5-477 

28-7 

20-39 


32 

4-541 

2S-0G 

20-35 

M ,, 


KesuUs (31) and (32) show that whilst at the concentration of 
copper employed in experiment 31, equilibrinin is nearly attained, 
;in experiment 32 such is not the ease. Fron the abov(^ tables it 
'can be readily .seen that in concentrated liydroc hlorie acid sulpluir 
ylioxide does not effect a complete reduction. Instead, there is 
|ps(abli.she(l, depending on the concentration cjf total copper, an 
ei.|ullibriuni between the cuprous and cupric salts present. 


Rniviloii of Sulplinr wilh CVyj/'o/os Chloride. 

\ hi a paper by Vortman and Padberg [Ber., 1880, 22, 2642), in 
which arc references to earlier work on the subject, it is shown that 
if an acid solution of cuprous chloride is boiled with flowers of 
Bulpluir, the reaction maj^ be interpreted by the equation : 

CuXff^ -f S -= CiiS CuCh. 

file present autliors find that when ffnely divided sulphur is heated 
ivith cuprous chloride in dilute hydrochloric acid (112 c.c, of 33 per 
lent, acid and 13S c.c. of water) at 95° in a current of carbon dioxide, 
t black precipitate is slowly formed. From qualitative evidence, 
his precipitate undoubtedly contains a large proportion of cuprous 
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sulphide. However, attempts to obtain a sufficient quantity f;,, 
analysis have so far proved futile, as the sulphide foms a coating 
on the free sulphur and brings the reaction to a standstill The 
after seventy-two hours was very minute. In the paper by Vortiii,„ 
and Padberg no mention is made of the use of an inert atmosplieif, 
the temperature of their experiments was much higher than ours, 
and lastly the sulphide was not specially isolated and analysed. 

Some results hv Raramelsberg and Huntington (Eng. and Min. J,, 
1882 34 , 150) in’eonnexion with the Patio process seem germane to 
this ’subject They showed that if silver sulphide and caimt^ 
chloride are made to act on each other in the presence of air and 
sodium chloride solution, either cuprous chloride, silver cliloridr, 
and sulphur are produced, nr the cuprous chloride formed bccorars 
converted into a sulphide : 

Ag,>S 4“ -CuClo = 2AgCl + 

+ (hi^Clo - 2AgCl I- CuoS. 

The liberation of sulphur, however, is a secondary reaction taking 
place only to a very limited extent : 

AgsS + CuClo - 2AgCl -1- CuS. 

CuS + CuCls = CU2C12 4- S. 

The amount of cuprous chloride formed and of sulphur set freeij 
dependent on the strength of the solvent, the temperature, and the 
presence of air. 

The last equation is distinctly interesting, as it represents tlio 
reverse of the reaction investigated liy Vortman and Padberg (/nr, 
ciL). Ineidentally, the presence of air plays an important part. 


J^eaciion of Siilphir u'iih Cupric Chloride. 

Fihlol and Senderens {Oompt. rend., 1881, 93 , 152) state tliat 
when the sulphate, nitrate, and chloride of copper respectively an> 
heated with sulphur, no sensible decomposition occurs, .riii:- 
statement substantially confirms the results of experiments carried 
out by the authors in which cupric chloride in the presence of water 
and of dilute hydrochloric acid (112 c.c, of 38 per cent, acid : 138 r.c. 
of water) respectively was heated with sulphur for four hours m i 
current of carbon dioxide. It was found that no reaction ha 
taken place. In the presence of concentrated hydrochloric acid 
however, under the above conditions, a reduction of about o 
cent, was effected and sulphuric acid was detected in the solution 
Idle following equation thendore K'presents the reaction ; 

ocuck + s + 4H2O - hcu.n, ■ (iiiki -i- 
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Discitssion of Results. 

The oxidation of cuprous chloride by sulphur dioxide in the 
presence of concentrated iiydrochloric acid has been shown to be 
represented by the equation : 

( 1 ) 2CU2CI2 + SO2 + 4 HC 1 - 4CUCJ2 + 2H2O + S. 

Moreover, experiments have also shown that cupric chloride in the 
presence of concentrated hydrochloric acid is reduced by sulphur 
with the production of sulphuric acid. This may be represented by 
'the equation : 

( 2 ) eCuCla + S 4 - 4H2O - 3CU2CI2 + 6 HC 1 + H^SO^. 

Fiotn these facts it seems justifiable to assume that the first equation 
is reversible. This reversibility is normally obscured by the 
re;H'tion repre.sented in equation ( 2 ). 

Xo sulphuric acid was ever detected when sulphur dioxide oxidised 
cuprous chloride in the presence of hydrochloric acid. We may 
therefore say that in reactions in which sulphur alone is precipitated, 
the reversible equation ( 1 ) represents the course of the reaction. 
This idea of a reversible reaction receives support from the fact that 
complete reduction of cupric solutions does not occur when sulphur 
dioxide reacts in the presence of concentrated hydrochloric acid. 
Instead, there seems to be established equilibrium solutions of 
cupric chloride-ouprous chloride in which sulphur dioxide does not 
produce any effect. 

With reference to those reactions in which the black sulphide was 
qwocipitated, two possible explanations suggest themselves, This 
deposition may be due to a secondary reaction between the cuprous 
chloride and hydrogen sulphide produced by the reduction of the 
sulphur dioxide or between the cuprous chloride and .sulphur 
initially formed. The authors are of opinion that there seem to be 
no special grounds for supposing that the sulphur dioxide under- 
goes direct rod iicrion to hydrogen sulphide in these reactions, and 
consider that the precipitation is due to a secondary reaction between 
the cuprous chloride and the sulphur initially produced, as shown 
hy the authors’ experiments : 

( 3 ) S 4- 2CU2OI2 - 2 CuCL + CU2S. 

Owing to the continual disturbance of the equilibrium by the 
reaction represented in equation ( 3 ) one might expect a compara- 
tively higli degree of oxidation from this reaction, Keference to 
Jablo IV, however, shows that this is not so. This rosull can, 
huwever. he accounted for by a consideration of oxidation 
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potentials of cuprous-cupric mixtures and of sulphurous aci(j 
Each of these cuprous-cupric chloride mixtures has a defiujt 
oxidation potential, and it is the establishment of an oxidation, 
potential equal to that of the sulphurous acid in the special aci(i 
concentrations that brings about the equilibrium value. It 
therefore, that the ratio of cupric to cuprous chloride in a solutiJi-j 
is the sole factor determining the amount of oxidation. As regard,' 
equation (1), therefore, once this definite ratio of cupric to cuprous 
salt is obtained, no further oxidation will take place, and as no 
further liberation of sulphur will occur, reaction (3) will cease loh 
operative. < 

To explain the increase in percentage oxidation with increase in 
the concentration of cuprous chloride recorded in Table II ^ 
reference to some w ork by Poraa {Atti It Accad. Lincei, 1909, jv) 
18, i, 192) seems to furnish the necessary data. He found that fora 
definite concentration of hydrochloric acid, as the concentration of 
cupric chloride increased, the amount of cuprous chloride whieli 
could be dissolved increased enormously, whilst the number of free 
cuprous ions showed only a very small increase, indicating that the 
cuprous copper was present in the form of a complex ion. From 
these results it may be stated that if we are to establish a mixed 
euprous-cupric solution the potential of which will be equal tothai 
of the sulphur dioxide in a given concentration of acid, a greater 
amount of cupric salt must be produced in the more concentrated 
than in the more dilute cuprous chloride solutions before the 
necessary free cupric ions will be present to give tlie requisite 
oxidation potential, 


Summary . 

1. The oxidation of cuprous chloride by sulphur dioxide iu tlit 
presence of concentrated hydrochloric acid can be represented, a? 
regards its quantitative aspect, by the equation ; 

2CU2CI2 + SO2 4 HC 1 - ICuClg r 2II2O + S. 

2. The degree of oxidation is dependent on the initial concentra- 
tion of cuprous chloride. 

3. Oxidation by sulphur dioxide does not occur in solutions oi 
cuprous chloride containing less than 88 e.c. of free hydrochlork 
acid (33 per cent.) in 250 e.c. of solution, and immersed in an oil- 
bath at 95°, 

4. Oxidation by sul])hiir dio.xide in solutions of cuprous chloridr 
containing more than 150 c.c, of hydrochloric acid (33 per cent.) in 
250 c.c. of solution results in precipitation of sulphur. In solution? 
containing betwf^en 150 r-.c, and 112 c.c.*. of concentrated acid in 
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■)50 c.c. of solution the precipitate consists of sulphur and cuprous 
Sulphide, whilst in solutions containing between 112 c.c. and 38 c.c. 
of concentrated acid in 250 c.c. of solution the precipitate is cuprous 
sulphide alone. 

5 . With decreased concentration of acid the degree of oxidation 
is lowered, and even in experiments where the black cuprous 
sulphide is precipitated the degree of oxidation is still very small. 

6. In the presence of concentrated liydrochloric acid sulphur 
reduces cupric chloride with the production of cuprous chloride and 
sulphuric acid, In dilute acid and aqueous solutions, this reduction 
does not occur. 

7. There is distinct evidence that ^vhen cuprous chloride reacts 
with sulphur in the presence of dilute hydrochloric acid at approxi- 
mately 95° in a current of carbon dioxide, cuprous .sulphide is 
produced. 

The authors desire to express their thanks to the Chemical Society 
for a grant which has partly defrayed the expense of this investi- 
gation. 

Department of Chemistry, 

The University, Biruinghaw. [Received, October Qth, 1921.] 


XXVIL—The Ultimate Composition of British Coals, 

By Thomas James Drakeley. 

The ultimate analyses of British coals which are available are 
feomewhat limited in number, and therefore this paper is of a tenta- 
tive nature, and may require revision as more data are accumulated, 
mowever, with the figures in hand there appears to exist a more or 
k’^s definite relationship between the composition of coal and its 
properties, and in all probability with further research the relation- 
ship mil be more accurately ascertained. 

As a rule, the ultimate analysis of an air-dried coal is expressed 
n terms of the percentage of carbon, hydrogen, nitrogen, sulphur, 
ish, moisture, and oxygen. The percentage of oxygen is obtained 
is the difference between 100 and the sum of the percentages of the 
fther onstituents. 

h'p to the present, the occurrence of nitrogen in coal has been 
[)und to conform with no known laws. In bituminous coals, the 
uantity is unusually constant, add averages about 1‘3 per cent., 
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whereas in anthracite probably about ()'6 per cent, may bo accepted 

a8 an average figure. r , 

The mineral matter and sulphur are both more or less fortuitou, 
constituents of coal, and the proportions in which they are presem 

vary over wide ranges. 

There is a certain percentage of moisture which cannot 
removed from coal by air-drying. This fraction needs more drastk- 
treatment for its removal, and there appears to exist a relation 
heirvecn the type of coal and the quantity of inherent water 
fportcr and Ealston, Technical Paper 113, 101, b Bureau of Mine, 

methods of estimating the water in coal are numerous, „,,d 
no one method seems to have been adopted as a standard ,n ll„r 
country. Consequently, the availal.lc values for the moisture 
contents of British coals appear to he useless, as in most cases no 
indication is given of the method of estimation. 

The three fundamental elements composing coal are carbim. 
hydrogen, and oxygen; and for the purposes of this paper * 
ultimate composition of the various coals has been expressed ,n 

terms of these three elemental components. 

As the constitution of a coal is determined by three partlv 
dependent variables only, it is possible to represent the composition 
of a given sample by a point on the triangular co-ordinate principle. 
This method was first applied to coal analyses by Grout (£»». Grol, 
1907, 2 , 225), and was further developed by Ealston (Techraral 
Paper 93, 1915, Bureau of Mines, L',S..b.). 

to this investigation, the compositions of coals m terms of carboii 
hydrogen, and oxygen were represented liy points m a nght-angW 
isosceles triangle hMN (right angle at L, vertical LM, hypotenaie 
MN, base NL, clockwise). 

Since the percentage of oxygen was obtained by iliffcrence, oe 
probable errors in its value were greatest, and it was thercfoir 
represented on tfie smallest scale, that is, as a distance from I it 
hypotenuse J/A, The percentage of earhon and of hytbogen 
represented as a distance from the vertical side LM, and from Hit 

base iVL respectively. r .1 , 

When the points repieseiuing tiiu ultimate analyses of the cua^ 
were plotted in the above maimer, it. was found that all the point 
lay in a remarkably narrow band within the? angle MM. u- 
portion of the iigurc has been enlarged and forms big. 1. 

Of the 287 I'uints entered on the figure, 230 represent analyses l'. 
British coals which have been pubbshed (“ The Analyses of Bnm 
(Ooals and Cokes,” compiled by Greenwell and Elsden; | 
Galorifie I’owev of Fuels” by Poole ; " Goal and its Scientihc I sfr, 





224 BRAKELEY ! THE ULTIMATE COMPOSITION OF BRITISH COALS 

by Bone ; J mmals oj the Chemical Society and the Society of Chemical 
Industry), 

Classification, 

Despite the fact that no standard methods of coal analjsi 
have been adopted in the British Isles, the results exhibit faj 
regularity, and it is possible to group the coals in classes. Thus 
within the area of the baud enclosed by the lines WX and YZ 
occur the coking coals. The coals of anthracitic nature occupy 
the area to the right of the line YZ, whereas the non-coking coals c 
low carbon content are on the left of IFX, and are separated froa 
the lignites by a line (not shown on Tig. 1) Avhich is apparentlj 
almost parallel to the oxygen- content co-ordinates, and meets thi 
carbon axis at the })oint representing 78 per cent. 

The anthracitic coals are capable of being divided into two dis- 
tinct classes by the line AB. The coals to the right of A B are true 
anthracites, whilst those in the area A BZ Y are more usually termed 
steam coals. 

It may be observed that the line AB almost represents the ratin 
of carbon to hydrogen which equals 24, and is the only line ^if 
demarcation which approximates to a fixed carbon : hydrogen ratio. 
Hence it would appear to be impossible to classify coals satisfactoriiv 
by means of the carbon ; hydrogen ratio. 

The position of the true anthracites at the end of the baud 
beyond the line AB would seem to be evidence against Strahan anil 
Pollard’s conclusion {Mem, Geol, Survey England and Wales, 1015. 
6, 91) that anthracites differ from other coals, such as steam coals, 
in the original nature of their plant accumulations. If such origiml 
differences existed, it would not appear likely that anthracites would 
fall normally at the end of the band in a position immediately con- 
tiguous to the steam coals. By analogy with the cannel coah, a 
more anomalous position would be anticipated. 

If the diagram be extended to include lignite, peat, and wood, it 
will be found that the band is continuous, and that each tvpo oi 
fuel falls into a dehnite position generally within the band. I’lio 
continuity of the band appears to uphold the theory that the eoai- 
age plants were of exactly similar chemical nature to the vegetation 
of the present time. 

As each type of coal occupies a definite area of the diagram, it 
would seem to be a satisfactory method of classification. In 
connexion it may be noted that none of the other suggested system' 
of classifying coals is satisfactory (compare Stopes and Wheeler, 
The Constitution of Coal,” p. 42 ; Bone, ” Coal and its Scientilic 
Uses,” p. 63), Xo doubt this is 'due to the fact that the dividing 
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lines between the groups have no obvious relation to such factors as 
the percentage of carbon, hydrogen, fixed carbon, etc. ; and there- 
fore no completely satisfactory mathematical means is likely to be 
devised for calculating, from any of the values of an analysis, a 
number which shall indicate with certainty the properties of the 
coal. 

It may be objected that such a graphical classification is not in 
accord with the statement that two quite dissimilar coals may have 
almost identical chemical compositions. However, isomeric com- 
pounds are so common among very simple organic compounds that 
it is quite hkely that isomerides exist among such complex com- 
pounds as are included under the heading of coal. The author 
cannot quote any examples of sucli isomerism, and is led to infer that 
coals of different types with the same chemical composition will be 
of rare occurrence. In this connexion, reference may be made to a 
paper by Bone and Sarjant {Proc. Poy. Soc., 1919, [A], 96, 128) 
in which mention is made of two coals having different properties, 
but nearly the same percentage composition. Their ultimate com- 
positions are given in columns two and three of Table I, whilst in 
columns four and five, the compositions are expressed in terms of 
carbon, hydrogen, and oxygen. 

Table I. 



Durham 

Barnslev 

Durham 

Barnsley 


coking 

hard steam 

coking 

bard steam 


coal. 

coal. 

coal. 

coal. 

Carbon 

s:t-73% 

82-33% 

87-12% 

86-63% 

Hydrogen 

4-76 „ 

4-99 „ 

4-95 „ 

5-25 „ 

Nitrogen 

1-09., 

1-50 ,, 


— 

Sirlpliur 

1-28 „ 

0-70 „ 

— 

— 

Ash 

l-()2„ 

2-7fi „ 

— 



Oxvgen 

7-52 ,, 

7-72 „ 

7-93 „ 

8-12 „ 


lOO'OO 

100-00 

100-00 

100-00 


When the points representing the compositions of these two 
coals were placed on the figure, it was found that they were close to 
the boundary line If X, but were distinct. This suggests that the 
e.xact position of this line separating coking from non-coking coals 
will finally be determined by analyses of almost similarly consti- 
tuted coals having different properties. Furthermore, the case 
upholds Ralston's statement {loc, cit., p. 17) that the lines of demarca- 
tion between the classes of coals will be fairly sharply defined. 

Cannel Coal . — The only exception to the generalisation that the 
various classes of coals occupy definite regions within the band w'as 
afforded by the cannel coals. The points representing their com- 
positions are indicated on the diagi'am bv crosses, and it is seen that 
VOL. CXXI. 
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they are situated in a disperse region mainly above and possibly 
within the band. The anomalous position of the cannel coals slionj 
Aat they are a race apart from the other coals. Their origi„,| 
parent-substance appears to have been essentially different frojj 
that producing the ordinary type of coals ; and as the area ocenpiai 
on the diagram by the cannel coals corresponds roughly with thy 
in which the fossil resins would occur, it seems that the parent, 
substance was more or less composed of highly resinous sports 
(compare Arbor, “ The Natural History of Coal ”). 


Fixed Carbon Content. 

Although it has been shown (Bone and Silver, T., 1921, 119, 
1145) that the customary metliods of estimation of the volatile 
matter and hence the fixed carbon, are liable to give slightly 
erroneous results, the available figures are such that lines iji,y 
be drawn with fair accuracy through positions representing coat 
which yield the same percentage of fixed carbon on carbonisa- 
tion The line.s are straight , and pass diagonally across the diagram. 
To avoid confusion, the position of each line is indicated by straigll 
lines drawn outside the coal baud ; and the figures placed at the end 
of each line give the percentage of fixed carbon yielded by the coals 
lying along that line. 

It was not found possible to similar lines joining the point? 
representing the coals of the same calorific value, owing to insufficient 
trustworthy data being available. The calorific values in hand 
were irregular, probably owing to the method of estimation (Drahe- 
ley, Trans. Inst. Min. Kng., 1918-1919, 56, ii, 51). Unless a 
calorimeter of the bomb is used, the numerical value is not 
sufficiently accurate for the purposes of determining the position^ 
of the lines on the coal band. Prom the author's experiments it 
would appear that the corresponding lines for equal calorific value 
will slope in the opposite direction to the fixed carbon content lines 
(compare RaLston, loc. cit.). The determination of the position of 
the lines of equal calorific value is a matter of importance, since if 
the calorific value and the percentage of fixed carbon are known, tlie 
intersection of the two representative lines on the diagram will give 
with fair acouri'cy the ultimate composition of the coal. 


Variations in Coal Seams. 

All investigation vras commenced to determine whether increased 
age would cause the representative point to be moved along the band 
towards the anthracite end. Samples of coal from near the roof, 
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and bottom of a ijanoashiro seam were collected from a 
ertica! section, and analysed. The results are given in Table II, 
(of'ether with additional figures for a Yorkshire coal. 

Table 11. 

^^'Qifjposiiion.s of Samples of Coal from Different Paris of the Same 
Seam. 

Lancashire seam. Yorkshire seam.* 


position m seam : 

Top. 

Middle. 

Bottom. 

Top. 

Bottom. 

e per cent. 

H 

X 

79-12 

5-24 

70-71 

5-28 

81-81 

.5-32 

73-36 

4-80 

71-62 

4-57 

]-33 

1-33 

1-34 

1-34 

1-24 

S 

Ash. 

9-86 

0-87 

0-65 

1-37 

2-81 

3-1.3 

2-81 

1-39 

5-60 

6-64 

Water. 

0-00 

0-00 

0-00 

5-17 

5-91 

0 

10-30 

10-00 

9-40 

8-36 

7-21 

Total. 

100-00 

100-00 

lOO-OO 

100-00 

100-00 

Fixed carbon percent. 

59 -02 

60-29 

63-21 

- 

- 

C per cent. 

83-58 

83-!U 

81-67 

84-79 

85-87 

1[ 

5-54 

5-56 

5-51 

5-5.5 

5-48 

0 

10-8S 

10-53 

t)-82 

9-66 

8-65 

Total. 

100-00 

100-00 

1 00-00 

100-00 

100-00 

Reference No. 

1 

2 

3 

4 

5 


* Analysts; J. and JJ. S. rattinsom 


The result.^!, wlien plotted, appear to indicate that the influence 
of age, and such other geological influences as are involved, cause 

Fig. 2. 


Prrccuiage oj oxygen. 



82jS3 84 85 86 87 S8 SO 9o"91 92 03 94 93 90 97 


Percentage oj earhori. 

the point to be slightly displaced towards the anthracite end, in a 
<iirection roughly parallel to the coal band, '.riie numbers on Fig. 2 
oorrespond with the reference nuin’l)ers gi^'cn in Tables II and III. 

I 2 
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Illingworth {Proc. Sth. Wales Inst. E7t^>, 1921, 36 , 355) haa 
analysed a scries of samples of coal obtained from the Nine-foot 
Seam in South Wales, at various points travcUing from east to wsi 
along the seam. The seam, no doubt, is of the same geological age 
throughout, but the ultimate compositions show a fairly regular 
transition towards anthracite, 

From the results of Illingworth's analyses, the composition of the 
various samples, in terms of carbon, hydrogen, and oxygen, havt 
been calculated, and are given in Table III. 

Table III. 

Composition of Samples of Coal from the Nine-foot Seam, Soulh 
Wales {Illingworth). 


C per cent. 

H 

0 

91-42 

5-12 

3-46 

93-03 

4-05 

2-32 

93-01 

4-47 

1-92 

94-53 

3-51 

1-96 

95-32 

3-38 

1-30 

Total. 

100-00 

100-00 

100-00 

100-00 

lOO-OO 

Reference No. 

6 

7 

8 

9 

10 


The position of the points (.Fig. 2) seems to indicate that the cause 
which has produced, in the former cases, the displacement of the 
composition in a direction parallel to the band has also been acting 
in a somewhat similar manner throughout the length of the seam in 
South Wales. Hence it would appear that the geological conditions, 
possibly pressure, may be the principal agent in the production of 
the change in the ultimate composition of the coal ; and that age 
may not be so important a factor. 

Owing to the prolonged coal strike during last session, further 
work was impossible. The investigation is now- proceeding, and 
further comment is reserved for a later communication. 

The Effect of Healing a yon-caking Bitnminms Coal in a 1 

Former papers on the effect of heating samples of coal undei 
various conditions have been largely concerned with the volatile 
gaseous and liquid constituents, as distinct from the solid carbonised 
residual coke. In this paper, the ultimate compositions of the 
residual cokes obtained from a sample of a Leicestershire non- 
caking coal by heating in a vacuum to various temperatures receive 
main attention, and are represented in the graphical manner ahead} 
described. 

A large sample of a Leicestershire non-caking coal was powdcre( 
to pass through a sieve of mesh 30 to the inch, and was thoroughl} 
mixed. From this bulk, small 'charges of about 8 grams vverc 
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iatroduced into a long silica test-tube which was connected with a 
ijcrubber-tower filled with asbestos fibre to prevent the liquid 
volatile constituents from passing into the filter-pump operated 
^vitb high-pressure water. The pressure within the silica tube was 
measured by means of a manometer, and ranged from 15 to 20 mm. 
(Uu’ing the experiments. 

The silica tube was introduced into a tubular electric furnace, 
and the temperature was very slowly raised to avoid an explosive 
evolution of the volatile matter from the coal. When the required 

Fig. 3. 


Percentage of oxygen, 

10 5 0 



Percentage of carbon. 

Graphical repreaentation of the dceompoaition of a non-eaking coal on heating. 


temperature was attained, it was kept constant for nine hours to 
ensure the whole of the cliarge of coal being heated throughout. 

The sample of coke was allowed to cool i[i the vacuum, weighed, 
and then analysed completely. Tn ^liable IV arc given the ultimate 
compositions of the original coal and of tlie samples of coke obtained 
horn the coal by heating in a vacuum to the sjieciiied temperatures. 
The percentage yields of colie at the various temperatures are gi\'eii, 
and also the percentage composition expressed in terms of carbon, 
hydrogen, and oxygen. 

The final set of figures was then plotted in the \s ay described above, 
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when it was observed that, within the limits of experimental error, 
■dl the points lay on a straight line AB (Fig. 3). The points in this 
iieure are numbered to correspond \vith the reference numbers 
, riven in Table IV . 

Bimission of the Results . — According to Wlieelcr, coal contains 
two distinct types of compounds, one of wdiich, the resinic, decom- 
poses more readily than the other, the celiulosic compound. The 
composition of the two constituents obtained Ijy extraction with 
pyridine was not determined, and therefore caiinot be represented 
bV two points on Fig. 3. It is sufTicieiit for the purpose of this paper, 
liowever, to note that a resinic constituent w’ould contain a relatively 
jiigh percentage of hydrogen, and w'ould be rcprosoiitcd on the 
diagram by a point above the line and .possibly in the vicinity 
of the area indicated in Fig. 3 (compare Clark and Wheeler, T., 
1913, 103 , 1704). The celiulosic constituent would bo represented 
ia a position below the line AB. If the resinic compound decom- 
poses first, the line of decomposilioti would not be straight, but 
would tend to curve do wui wards toAvards the celiulosic constituent. 
Hence, since the line of decomposition is straiglxt, it w ould suggest 
(hat such preferential decomposition of the tw o conslituenls failed 
to occur in this ease. 

The ultimate compositions of tlic j’(\si(liial colics gave no indica- 
iimiof a “critical temperature'’ between 700"^' and 800”, w'hcre the 
significant increase in the proportion of hydrogen in the gaseous 
jirodiicts is generally noted ; this increase is adduced as evidence of 
the existence in the coal conglomerate of a coni]:)ound stable up to 
750” (Burgess and Wheeler, T., 1910, 97, 1917, ct seq.). 

Percentage of Carbon, Hydrogen, Oxygen, AAtrogen, and Sulphur in 
ih(: Coal, and Coked Residues . — The residual carbon, liydrogen, 
oxygen, nitrogen, and sulpliur in tlu' residues from 100 grains of coal 
were obtained in each case as the product of the yield of coke and 
the percentage of the particular element (see Table IV). These 
values are given in Table V, and are further calculated as percentages. 
The latter have b('en plotted in .big. 4. 

The figure slioAvs that the x'olatile portions of each element are 
evolved smoothly throughout the whole range of temperature, and 
that there is no break in any of the (Mirv(\s between 700” and 800” to 
indicate tJic decomposition of a new “ hydrogen-yielding'' consti- 
tuent. 

As far as could be judged, the samples of coal commenced to 
decompose between 275” and 300”. 

Svlphur . — From the diagram (I'ig. 4) !(■ is seen that the sulphur 
is evolved very rapidly at the lower temperatures, but the elimination 

muck less rapid at higher temperatures. 
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The ash of the coal (1-63 per cent.) was pale grey, which indicated 
that iron pyrites was almost entirely absent ; also, as the amount of 
sulphur left in the ash amounted only to 2T3 per cent. (0-03 pet 


Pig. 4. 



400^ 800" 

Toil perature. 

Peycoda;)c ciolation oj tkmoU^ Jwm coal on hcatinfj. 


cent, of the coal) when the coal was incinerated at a very gentle 
heat, it wnuld appear that almost the whole of the sulphur 
present in the form of an organic compound, 
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Since the sulphur was rapidly eliminated, it indicated that one 
of tlie first substances to decompose w^as the sulphur- bearing com- 
pound. The sulphur in plants is usually associated with the 
nitrogen in the proteins, and from Fig. 4 it is observed that the 
nitrogen was also evolved rapidly at the lower temperatures. It 
would therefore seem that the nitrogenous matter was one of the 
constituents of the coal conglomerate which decomposed first on 
heating. 

yitroge?ious 31 alter . — The proteins contain a relatively higher 
percentage of hydrogen than ccllulosic substances, and a lower 
percentage than the resins. Therefore, if it is accepted that the 
proteid matter is easily decomposed by a gentle heat, then a cellu- 
losic constituent containing a lower percentage of hydrogen must 
dcconipose at the same time in order to give a total average decom- 
position of the coal substance which shall be represented by a straight 
line. tSfnee coal is considered to be a conglomerate of three types of 
compounds, resinic, cellulosic, and nitrogcnou.s, it would appear that 
ill this particular case the first effect of heat was to decompose the 
nitrogenous constituent and part of the cellulosic constituent, 
Illingworth (Pwc. Sth. Inst. Emj., 1920, 36, 23) shows that the 
S-cellulosic compounds arc easily decomposed. 

The decomposition of the nitrogenous derivatives apparently 
decreased to a relatively slow^ rate above 450°. The two remaining 
constituents, the more resistant cellulosic (a- cellulosic ?) and resinic 
derivatives, then decomposed conjointly in a manner similar to the 
above. 

It would therefore seem that the cellulosic substances decomposed 
more or less steadily throughout the u hole I'ange of temperature. 

From other experiments, tlie elimination of the nitrogen and 
sulphur from live coal substance appears to be influenced by the 
inorganic matter present in the coal. Experiments are now being 
made in this connexion, and will be dealt with in a later paper, 

Ihjdrogen.—Aii, the ultimate analyses of the cokes obtained from 
tiiis .sample of coal failed to show any evidence of a critical tempera- 
ture between 700° and 80(1 % analyses were made of samples of gas 
eoilceted between 400° and 600' , and between 800° and 9(X)°. The 
results are given in Table AT, and sliou' that hydrogen predominated 
ill the gas collected between 800° and 900" (compare Burgess and 
Wheeler, loc. cit.). 

Whilst the regular continuity of the curves shown in Figs, 3 and 4 
fails to give any evidence of tlic selective decomposition below 750° 
cf one constituent of the coal conglomerate to yield mainly paraffins, 
and above 750° of another constituent to yield mainly hydrogen, a 
t^asible explanation of the pheiiofncna appears possible. 
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Table VL 


('vn}jmiim of Gas. 


Calculated as nitrogonTrec ” gas. 


Temperature range. 
Carbon dioxide 
Ethylenos. 

Carbon monoxide, 
Paraffins. 

Hydrogen. 


400" to 000°. 
4-1 per eeiil. 
51 
8-7 

2ffi8 


800° to 900". 
1*9 per cent. 
S*5 ,, 

16*4 „ 

21*7 

56*5 „ 


Th<3 actual eon.stitucuts in the volatile matter at any giy^^ 
temperature are determined 1>y the rate at M’hich each element is 
being evolved at that temperature. If, below 750°, the carbon 
content of the volatile matter is relatively high, hydrocarbons would 
be expected to constitute a large proportion of the gaseous matter, 
particularly as the hydrocarbons are st able below that temperature, 
Similarly, if hydrogen is the chief element of the total volatile matter 
above 700*^, then it would be antiei})ated that hydrogen would be the 
principal gas. 

In order to test this suggestion, at selected temperatures. i))(. 
slopes of the respective tangents to llie eurves shown in Fig. 4 ucre 
determined as accurately as possildc. From these results, tlic 
approximate percentage elemental constitutions of the total 
volatile matters evolved at those temperatures were calculated. 
The A^alues, which are only a])])r('iximate owing to the method d 
estimation, are given in Table VL! in atomic percentages. That is, 
for instance, at 700", the rate at w hich the three chief elements of the 
volatile matter were evolved was such that sixteen atoms of carbon 
were eliminated with seventy- one atoms of hydrogen and thirteen 
atoms of oxygen. 

Table MI. 

Approximate Coaceniration {Aiomk) of the Elements in the FolflhL 
Mafrer. 


Temperature. 

Cai'bou, 

Hydrogen. 

Oxygon. 

Carbon 

400° 

2d'0 

58'(i 

li-0 

1*9 

500 

24<5 

(iffi.I 

12-0 

2*6 

600 

20-0 

6 05 

12-5 

3-4 

700 

lO'O 

71-0 

13-0 

4-4 

800 

10' S 

7.7 'S 

13*4 

7*0 

900 

0*4 

794 

14*2 

12-4 

1000 

3-2 

82*4 

14-4 

25'8 

1100 

1-5 

84-5 

14-. 5 

56*0 


From the table, it is seen tliat tlie atomic concentration of thf 
carbon decreases, wheicas the atomic concentration of the hydrogei) 
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increases. The oxygen does not vary over a wide range. Hence, 
^vhilst at low temperatures derivatives of carbon may largely 
constitute the gaseous volatile products, hydrogen will be the main 
trjiseous product at high temperatures. 

To study the influence of temperature in greater detail, the ratio 
of the atomic rates of evolution of liydrogen to carbon was plotted 
against the temperature (see Fig. 5). The curve shows a marked 



change of direction between 700 ' and 800". This indicates that at 
temperatures above 7.50" it is to bo anticipated that hydrogen will 
he the principal constituent of the gas. The author does not con- 
sider the change of direction to be due to the sudden decomposition 
of a particular hydrogen -yielding constituent, particularly as 91 per 
tent, of the total volatile matter had been evolved, indicating that 
ithe decomposition of the coal v as almost complete, and therefore 
pat no main constituent of the coal was likely to have remained 
jondecomposed up to 750°. The decomposition of a new constituent 
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would have been evident from the curves in Figs. 3 and 4, 
addition, Fig. 4 shows that, whilst the percentage evolutions of 
oxygen and hydrogen from the coal were identical up to about / 
above that temperature the oxygen rate was a little lower than the 
hydrogen rate. Hence the percentage of free hydrogen in the volatile 
products would be slightly increased on the latter account. 


Fusain. 

On the bedding planes of a sample of coal used in this investiria. 
tion was found a quantity of friable fibrous fusain, which 
carefully removed and analysed (see Tabic VIII). 

It is peculiar that, when the composition of the fusain expre^ised 
in terms of carbon, liydrogen, and oxygen, is represented on the 
triangular co-ordinate diagram, the point F (see Fig. 3) should fall 
almost on the line XJS of decomposition of this particular coal. 


Table VTTI. 


The Via mate Composition of Fusain, 


Carbon, per cent. 

78'36 

85-41 

Hydrogen 

3>41 

3-72 

Nitrogen 

MO 


Sulphur 

0'83 

— 

Ash 

6-33 

— 

Oxygen 

9-97 

10-87 


100-00 

100-00 


Indeed it would appear that a similarly constituted siibstancf 
might be produced by heating the coal in a vacuum at 400^. How- 
ever, according to Stopes and Wheeler ('' The Constitution of Coal;" 
1918, p. 22), it is unlikely that fusain has been produced from coal 
by the action of heat, and consequently its position outside the 
normal coal band would appear to indicate that the original plant 
debris from which it had been formed differed from that yielding 
the normal coal (compare Stopes, Proc. Roij. Soc., 1919, [B], 90, 
470). Cannel coal and fusain therefore seem to result from two 
totally distinct types of plant remains, In the former case, 
the product contains a relatively high proportion of hydrogen. 
wFereas in the latter the percentage of hydrogen is comparatively ^ 
low. 

An investigation i^ now being made of the effect of heating othei 
types of coal in a vacuum and also under increased pressure. 
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2'he Radium Content. 

[With Frederick William Smith]. 

Experiments have been made with a view to determine whether 
aiiv relationship exists between the radium content of a coal and its 
iltiiiiate compo.sitioii. 

Fletcher {PUI. May.y 1912, [vi], 23 , 279) has shown that with the 
-xception of calcareous rocks all types of sedimentary rocks have 
ipproximately the same radium content. An examination of 
arious coals, however, has indicated that the quantity of radium 
)pars no relationship to the percentage of any other element com- 
)osing the coal substance, and furthermore varies considerably 
torn coal to coal, even of the same clas.s (compare Lloyd and 
'unniiigham, Atner. Ckem. J., 1913, 50 , 47; Moureu and Lepape, 
Iwtpf.^rend., 1914, 158 , 598). 

About 40 grams of each sam 2 :>le of coal were powdered, and burnt 
tn an ash in a mufile furnace. The temperature of the furnace was 
kopt as low as possible, since the ash produced at a moderately low 
temperature was found to be more readily soluble than that resulting 
from heating to a high temperature. 

To obtain a solution of the incinerated mineral matter it was 
npeatediy extracted with small quantities of hydrochloric acid, 
but ill two eases a trace of a white residue, presumably silica, 
irmaitied, wliieh was brought into solution by treatment with a 
vm' small quantity of hydrofluoric acid. The solution, which 
isually amounted to about 250 c.c., was transferred to a 500 c.c. 
listillation flask, which was tiieri sealed. The flask was put aside 
'or one month to allow the emanation to attain a maximum. At 
:lie end of this period, the fla-sk vas opened, and the emanation 
boiled off, collected over hot water, dried, and introduced into an 
wacuated emanation electroscope in the manner described by Eve 
and Afernto-sh [Pkil. Mag.. 1907, [vi], 14, 234). 

The chemicals were tested for radioactive matter and gave 
negative results. 

The electrosco])e was standardised by means of a solution of 
radium prepared by dissolving a quantity of Joachim.stahl pitch- 
jbkmdc, containing 59-4 per cent, of uranium, and diluting until 
^iiO c.c. of the .solution contained 2'02 x 10'^- gram of radium, 
file radium content wa.s calculated from the percentage of uranium 
by means of the Until erf ord-Boltwood ratio, 3-4 x lO^"^. 

The n( nnal leak of the eloetroseope was frequently determined, 
wd between successive observations air was drawn through the 
deet!Msco|)(. foj- twelve liours to remove any radioactive matter. 
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The results of the tests are given L Xable JX, together with 
the ultimate compositions of the samplj^s < 50 ^!. 


Table IX.l 

I 

The Badium Conknis and Ultimate, Compositions of Coals. 


Coal Field; 

Leicester- 

shire. 

Derby- 

shire, 

Class : 

Non-coking. 

Non-cokini 

C per cent. 

76-44 

78-48 

H 

4-90 

5-71 

N 

l-o3 

0-9f4 

s 

0-S3 

0-. T9 

Ash 

2-52 

■XT -38 

0 

13-78 

- 12-71 


Lanca- South 
'■^rre. shire. Wales. 
^%nel. Cannel, 

"9-o5 C2-07 ^^'41 

WS] 3-41 

MV) 1-S4 LOi 

0-90 1-48 l.‘>7 

0-17 2-38 :h85 

7-32 6-38 2.02 


Total 


BIO-OjO lOO'OO 100-00 


100-00 100-00 


Kadium per *' 

gram of ash 2:,%0'\10"^“ 3-01x10"^^ 1-28x10“'^ 0-042 x 0-78 x 10‘>^ 
Radium per 

gram of coal . 0 - 06 " x 10 '^^ 0-054 x 1 0 ~^' 0-006 >" 1 0 “^® 0-001 X 10 “^® 0-030 x 10 “'* 


The,- author’s thanks are due to Mr. F. G. Atherton for his assist, 
anc .e in obtaining and analysing the three samples from the Lanca- 
s’jnire Seam. 

The Ohe-mic-m, BEeAUTnEXT, 

XORTHERX POLYTECHMC IXSTITUTE, 

London, X.T. November ith, 1921.] 
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The. Radium Content. 

[With Frederick William Smith]. 

KxpeniBcnts have been made ivith a view to determine whether 
any relationship exists between the radium content of a coal and its 
ultimate composition. 

Fletcher {Fhil. Mag.^ 1912, [vi], 23 , 279) has shown that with the 
exception of calcareous rocks all types of sedimentary rocks, have 
approximately the same radium content. An examination of 
various coals, however, has indicated that the quantity of radium 
bears no relationship to the percentage of any other eleoient com> 
posing the coal substance, and furthermore varies considerably 
from coal to coal, even of the same class {compare Lloyd and 
Cimiiingham, Amer. Chem. J 1913, 50 , 47; Jlourcii and Lepape, 
Cowpt. rend., 1914, 158 , 598). 

About 40 grams of each sample of coal were powdered, and burnt 
to an ash in a muffle furnace. The temperature of the furnace was 
kept as low as possible, since the ash produced at a moderately low 
temperature was found to be more readily soluble than that resulting 
from heating to a high temperature. 

To obtain a solution of the incinerated mineral matter it was 
repeatedly extracted with small quantities of hydrochloric acid, 
but in two cases a trace of a white residue, presumably silica, 
remained, which was brouglit into solution by treatment with a 
very small quantity of hydrofluoric acid. The solution, which 
usually amounted to about 250 c.c., ^vas transferred to a 500 c.c. 
distillation flask, which was then sealed. The flask was put aside 
for one month to allow the emanation to attain a maximum. At 
the end of this period, the flask W’as opened, and the emanation 
boiled off, collected over hot water, dried, and introduced into an 
evacuated emanation electroscope in the manner described by Eve 
and McIntosh {Phil. Mag., 1907, [vi], 14, 234). 

The chemicals were tested for radioactive matter and gave 
negative results. 

Ihe electroscope was standardised by means of a solution of 
radium prepared by dissolving a quantity of Joachimstahl pitch- 
blende, containing 59 A per cent, of uranium, and diluting until 
jJoO c.c. of the solution contained 2-02 x gram of radium. 
Xhc radium content was calculated from the percentage of uranium 
by means of the “ Rutherford-Boltwood ” ratio, 34 X 10'’. 

The normal leak of the electroscope was frequently determined, 
and between successive observations air was drawn through tlic 
electroscope for twelve hours to remove any radioactive matter 

VOL. CXXI. 
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ALDRIDfiB A]SD APi'LEBEY : 


The results of the tests are given in Table IX, together witJi 
tlie ultimate compositions of the samples of coal 


Table TX. 

The Radium ConUnfs and Ultimate Compositions of Coals, 


Coal Field : 

Loi(-ester- 

Derby- 

Lanca- 

Lanca- 

South 

shire. 

shire. 

shire. 

shire. 

ales. 

Class ; 

Xon-coldng. 

Xon-coking. 

Cannel. 

Cannel 

Antliracitir 

C per cent. 

76-44 

78-48 

79-55 

82-07 

88-41 

H 

4-90 

5-71 

5-81 

6-1,5 

3-41 

N 

i-53 

0-93 

1-19 

1-54 

1-04 

S 

; 0-83 

0-79 

0-96 

1-48 

1-27 

MU 

2-o2 

1-38 

5-17 

2-38 

3- 8a 

0 

13-78 

12-71 

7-32 

6-38 

2-02 

Total 

Radium per 

100-06 

100-00 

100-00 

100-00 

100-00 


gnini of iksh 2-C(i :< 10'’’- 3-91 X 10'^= 1-28 X 0-042 X lO-i^ 0-78 :< lO'ii 
Radium per 

gram of coal 0-067 X 0-064 X 10-^ 0-066 X 10'i» 0-001 X lO'^^ q-osOx 10-‘: 


The author’s thanks are clue to itlr. T. G. Atherton for his asslt. 
ance in obtaining and analysing the three samples from the Lancii- 
shire Seam. 

The Chemical Defahtmext, 

XORTHKRX POLYTKCHNIG IxSTITLTE, 

Loxdox, X.7. [Received, Kovember iik, 1021] 


XXVIIL— 77/c Peniridic Compounds of Copper, 

By (Miss) Joan Aldridge and ^Fat.coiai Percival Afplebky. 

Peroxidic compounds of copper of two distinct types ]]ave bec]) 
described by several investigators, a series of yellowish-brown lu 
olive-green precipitates of neulrai character obtainetl by the actiiDi 
of hydrogen peroxide on cupric hydroxide, and a number of so- 
called cuprates of the alkalis and alkaiinc earths obtained hy the 
oxidation of alkaline suspensions of cupric hydroxide by means of 
chlorine and presumably eonuiining a higlier oxide of copper with 
acidic properties. Preparations of the former class probably yll 
consist of mixtures in varying proportions of cupric oxide utid 
hydroxide witli a yellow, gelatinous peroxide of formula CuOn, 
lias been shown by the work of Osborne (Aiacr. J, >Sci., 1S80, [iii'. 
32, 334), iirsor (Z. aaonj. Chm., 1007, 54, 121), and K. Miillr 
(idh/., 1007, 54, 4IS). The aualydeal results of these invest igatoi'o 
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whilst approximating in many instances to the formula ascribed to 
the peroxide, always showed a deficiency of peroxidic oxygen. 
This deficiency might be due either to the instability of tlie com- 
pound or to the inclusion of unaltered cupric hydroxide. In view 
of the latter possibility, it was considered desirable to attempt the 
preparation by other methods, using as the starting material, not 
a ^olid compound of copper like the hydroxide, but a solution. 
Xeithcr solutions of simple copper salts nor strongly alkaline solutions 
such as Fehling’s solution, ammoniacal solutions, or the colloidal 
suspension of copper hydroxide in sodium hydroxide described by 
Justin-Mueller [Compt, rend., 1918, 167, 779) coiiid be used, since 
no precipitate is produced by hydrogen peroxide in solutions of 
simple salts, whilst the presence of large concentrations of hydroxyl 
ion leads to the rapid decomposition of the compound. It seemed 
probable that the solutions of the double carbonate of sodium and 
copper, recently investigated by one of us (Applebey and Lane, T.,, 
1918, 113, 609), might prove suitable, since their alkalinity was 
very slight indeed. The investigation of this reaction was the 
primary object of the present exjjcriments. In the course of the 
work, however, the effect of other oxidising agents on various 
copper solutions was tried, with the result that some further in- 
formation has come to light with respect to reactions which had 
previously been studied by otber workers. The experiments to 
be described fall into three sections : 

(1) The action of hydrogen peroxide on carbonate solutions; 

(2) The action of chlorine and of hypochlorite on Fehling’s 
solution ; 

(3) The cuprates. 

(1) The Action of Hydrogen Peroxide on Carhonate Solutions. 

The solutions of .^^orliiim copper carbonate us(al in the preparalion.s 
were made by adding to a solution saturated with sodium carbonate 
and bicarbonate at the room temperature varying quantities of 
dilute copper acetate solution wiOi constant stirring. Such solu- 
tious are comparativi'ly stable, but deposit the crystalline double 
carbonate on standing over-night if tliey contain more than 0*15 
gram of copper per litre. It wa.s found that any such solution, 
when troaU'd in the cold with hydrogen peroxide, gave immediately 
a precipitate of tho peroxide of a yellowish-brown colour, the 
greater part of the C(»pp('r being removed from solution in this 
lonii. The jweeipitate is, liowcver, not only unstable, but al-so 
\(r\ gelatinous, so that the preparation of a specimen for analysis 
presents great difficulties. All ordinary methods of filtration failed 

k2 
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to give a suificiciitly rapid separation from the mother-liquor* 
the best results were obtained after many failures by the use of a 
filter-bed of powdered and graded glass contained in a Goorh 
crucible to which a light suction w’as applied. Such a device onlv 
retains the larger particles of the suspended gelatinous solids but 
has the advantage of working very quickly, The precipitate 
collected in this filter was tlioroughly washed with ice-cold water 
and analysed by dissolving it on tin: filter in a known amount of 
standard ferrous siilpliate solution acidified with sulphuric acitf. 
Estimation of the ferrous ion remaining and of the copper in thr 
solution gave the required ratio of copper to peroxidic oxygen. 
The results obtained were very variable and gave clear evidence 
of the occui’]’('ii(:c of rapid decomposition of the peroxide during 
the necessary uiauipulations. The most highly oxidised products 
wore obtaiiK'd iiy flic use of excess of hydrogen peroxide at a low 
temperature. Idiey contained more oxygen than corresponds witlj 
the formula liiit never reached an oxygen content corre- 

sponding with CuOo. ^klriation in the concentration of copper in 
the original sobition had little influence on the composition of the 
precipitate except that there was always noticeable an increase 
in peroxidic oxygen as the quantity of precipitate to be dealt with 
diminished. This is simply a consequence of the greater rapidity 
with which smaller quantities can be handled. These observations, 
together with the colour of the products, indicate that the pure 
peroxide is produced by the reaction studied, but suggest that even 
the small eoncentratioii of free alkali present in the solutions 
reduces the stability to a degree which, combined with the intract- 
able character of the precipitate, renders its scparatioTi in the pure 
state practically impossible. 


(2) The Action of Ckloriuc and of Hypochlorite on Fehlim/s Sobdum. 

When chlorine is passed through or liypochlorite solution added 
to Fehling 8 solution, a curious reaction occurs leading to the 
reduction of the solution with the precipitation of yellow to orange- 
red cuprous oxide, dliis reaction, which was first observed by 
Millon {Coinpt. rend , 18t)2, 55, 513), was attributed by him to the 
oxidation of the tartrate by the chlorine, with the forjuation of a 
reducing agent. The explanation is probably correct, although 
little can be said about the exact idL'iitification of the reducing agent. 

Many experiments have been devised by the authors with the 
view of separating and identifying the unknown intermediate 
product. The passage of chlorine through strong solutions of 
Rochelle salt leads to oxidation with evolution of carbon dioxide, 
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Imt no products other than sodium carbonate could he separated 
froDi the solutions,* although slight reducing ju-opcrties (to Fchling’s 
solution) could be detected in partly oxidised solutions. It is 
therefore clear tliat the intermediate product, as would be expected 
from its reducing properties, is very rapidly destroyed hy chlorine 
and docs not accumulate in the solution, d'he only clue to its 
nature is the formation of a faint \'iolet coloration on addition of 
ferric chloride to such solutions, similar in appearance to the colora- 
tion produced by the same reagent in presence of dihydroxymaleic 
acid, which Fenton has shown to he a product of the oxidation of 
tartaric acid by hydrogen peroxide. The reaction with sodium 
hypochlorite is similar but more vigorous, a great evolution of heat 
and violent liberation of carbon dioxide taking place when strong 
hypochlorite is employed. 

The authors arc unable to confirm the statement made by Miilon 
[loc. cit.) that the precipitate formed in the early stages of the 
reaction of hypochlorites with Fehling's solution differs in any 
essential particular from that ])rodueed in the later stages, i^lillon 
.states that the product first obtained with calcium hypoclilorite is 
pale yellow^ and shows the reactions of a double salt of calcium 
carbonate and cuprous formate.'' Exactly what analytical reactions 
were used by Mil Ion is not stated, hut the authors have convinced 
themselves by repeated tests that no trace of ear bon dioxide is 
evolved from the properly^’ waslied precipitate with dilute acids, 
and concentrated sulphuric acid gives no carbon monoxide. There 
is no doubt that the precipitate is simjfy the finely divided form of 
cuprous oxide w’hich frequently occurs in the early stages of reduc- 
tion of Foldings solution and that 3Iillon's statement arose from 
inclusion in the precipitate of mother-liquor containing tartrate 
and carbonate. It niav perhaps be add('(i lliat the precipitate 
bears no resemblance in appearance or reactions to the colourless 
cuprous formate described by Angel (T., 1900, 89, .345). 

In the course of the experiment.s on the action of hypochlorite on 
Fehling s solution a somewdiat remarkable time-reaction has been 
observed, liie fiirtlier examination of which may possibly tlirow 
some light on the course of the reactions involved. Wlien a small 
(juantity of strong hypochlorite is added to Felding's solution, the 
juecipitate of cu|jrou.s oxide docs not apj)ear immediately but only 
after the lap.se of about half a minute. If a furtlier small quantity’ 
<'f hypochlorite be now added, the first effect is to produce complete 
and rapid re-solution of tlu‘ precipitate present ; only’ after another 
period of waiting the precipitate reappears. This may be repealed 

i'otassiuin hydrogen tartrate rrystullisos out during the chlorination 
owhig to the hydrochloric acid formed in the o.Kidation. 
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many times, the precipitate dissolving after each addition of hypo- 
chlorite and coming do^v^l again after a short time. The reaction 
produces heat, and the times necessary for precipitation after each 
addition gradually diminish owing to the rise in temperature, 
unless precautions are taken. Presumably the changes described 
are to be explained as follows. The first effect of each addition of 
hypochlorite is to oxidise the cuprous oxide to cupric oxide, which 
dissolves in the excess of tartrate present in the Fehling’s solution. 
The remainder of the hyj)ochlorite then reacts with tartrate, forming 
the unknown reducing agent and therefore causing a further pro- 
cipitation of cuprous oxide, The comparative slowness of tho 
latter change enables tlie twn stages of the reaction to be observed. 


(3) The Cuprates, 

Kruger {Fogg. Ann., 1844, 62, 445) first observed the formation 
by the chlorination of alkaline suspensions of cupric hydroxide of 
pink solutions which he supposed to contain salts of an acidic 
X^eroxide of copper. Other investigators have failed to repeat the 
preparation, so that Ixriigers cuprates have been regarded witii 
some suspicion. In the course of the present work wt. have occa- 
sionally obtained similar pink solutions by the chlorination of 
solutions of sodium copper carbonate, and the examination of thi‘ 
conditions of reaction has led us to the view that Kriigor's cuprates 
are simply dilute solutions of perinanganate produced by traces 
of manganese present as impurity in the solutions. The grounds 
for this view are as foUow's ; 

(a) When materials free from manganese and chlorine from a 
cylinder are used, the pink colour never appears. 

{b) When chlorine prepared from manganese dioxide is used, Ibe 
colour is obtained, but not if an efficient w^ash-bottle is used. 

(c) The addition of a small trace of manganese salt to the solullnn 
to be chlorinated ensures the formation of the colour. 

{d) The absorption sx)Gclriim of the pink .solutions is ideutieal in 
every respect with that of a permanganate solution of similar tint. 

(e) The pink colour is obtained r([nally wmll or ecen better if tho 
solution contains no copper at all, ])rovidcd that the necessary 
trace of manganese is xmesent. 

All the above, statements have been verified in rcsx^cct to tho 
solutions obtained from alkaline suspensions of cupric hydroxide 
as W'dl as in respect to tho chlorination products of the double 
carbonaco solutions, ana leave no doubt that the so-called cuprates 
of the alkalis have no real cxistenct'. 

The cuprates of the alkaline eafths, which have been described 
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bv ICrliger (?oc. cit.)> Crum {Awmlen, 184o, 55, 213), and Osborne 
[ioc. oil.), insoluble substances produced by the addition of 
(liUite soluLions of copper salts to a suspension of bleaching powder. 
The precise formulae and compositions of thc'se reddish-purple pre- 
cipitates have never been satisfactorily settled, since all preparations 
iimloubtedly contain unchanged bleaching j)QW(lcr, but it is in- 
teresting to note tliat tliey are obtained even when bleaching powder 
niTpared from pure calcium oxide and cylinder oblorine is used. 
Thev arc therefore real substances and are not, like the alkali 
^.cinjjounds of Kriigcr, duo to impurities. 

lNOiiG\Nrc CuKAns’t’KY Laboratory, 

Oxford. [ Rcceictd , Xove.mher 23 rd , 1921.] 


XXIX .— Velocity of Beaclion in Mi^'cd Bolvenis, 
Part 11 . The Velodly of Saponification of the 
EiJnjl Esters of some Moiiosuhsiituted Benzoic Acids. 

By At.bert Eric Cashmork, HA:\rTLTox McCombu-:, and 
Harold Archibald Scarborough. 

lx Part T of tbi.s series (T.. 1921, 119. 970) a study was made of 
the reaction between tlie etliyl ester of a ty|:>ica] aromatie acid and 
atypical aliphatic acid and potassium hydroxide in a binary solvent 
medium consisting of ethyl alcohol and water. The results showed 
that, even with estf'us of such widely LiilTering ty])es as ethyl benzoate 
and ethvl fwbutATate, tin character of tlu^ curve slioaving the 
relation hetwcnni the value of the vedoeity constant /a and the 
percentage' eriinposition of the medium i.> the sane'. In eaeli case 
die curve was divisilde into four j^hases. and in each ]>l)ase tlu' 
ivlalioti helween !: and the efunjinsition of tlu' nn'dium was found 
tn !)(' linear, Irinully. the change from one ]jha.<(' to the next 
neeurred at such compositions of the solveni medium that molecular 
oimplexcs lietween the aleolud and water seemed to be indieat('d. 
The work has now boon extended to inobulc the ethyl esters of 
mono.'iibstiluted benzoic acids, in order to asceitaiii whetlier tlie 
generalisations drawn fi’om onr result.s are witlnnit exception. In 
tile first ])laoo ethyl o-bromobenzoate, ethyl p-chlorobenzoati'. and 
ethyl p-toliiate were selected, and it wa.s noticed tliat with the first 
I'der abnormal results w'ere obtained tvhen the solvent medium 
^■nntained from 80 to 00 ])er cent, of aleolml. The veloeitie.s of 
sajmnineation of ethyl o-chlorobi'iizoate, ethyl o-iculobenzoate. and 
ethyl m-tohiat(' were therefore d(ri’rmined under tlie same eonditiims 
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to SCO if tlic cause of tlic anomaly was connected in any way with 
the iKisithm of the substituent in the benzene nucleus. The ethyl 
esters of 0f//(0-.substitute(l benzoic acids were found to be abnovnial. 
and an attempt was made to include ethyl o-toluate in the scrie.s, 
l)ut the reaction velocity was found to change so slowly with small 


Fio. 1. 



Eihij} Q-hromohontonta. Kthul o-chhrobenzonie. 

Elhjl. benzoate. 


changes in tlie coniposiliun i-f the medium and, further, the vahu‘< 
of were tlu'mselve.s so small that the results merely served to 
indicate that the beliaviour of this ester was similar to that of 
otiier ethyl estf'r^ of o/'//m-snlistilut(‘d benzoic acids. 

Tlie investigation is now being continued in three directions: 
(a) The inlluence of the acid in the case of the ethyl esters ef 
)]ioiiol)asic alijjhatic acids. 
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{(}) The effect due to a change of alkali hydroxide. 

(r) The effect of variation of tomjierature. 

Theordical. 

A consideration of the results given in Tables X— XV shows, as 
was to he expected, that the value of k, calculated from tlie 


Fin, 2. 



U:' , 

'"‘O 40 ;!0 ' 2i.> 

AlcoJtoI per Cfut. 

o-bromobenzoatc, — Ethyl o<hloro’iaizoatc. 

Ethyl beti'.oalc. 

t'quatioii for a bimolecular reaction, is constant over the raiigt' of 
the reaction examined, 

liie ratio /a^Uivi w-iKitvr^icV^Viiiyi found to havt‘ a nearly 

coii.stant value {loc. cit.), but if the ratio ivn.vi be 

calculated for any one of tlie esters examined, it will be found 
lhat this ratio tends to decrease as the ]>ercentage of alcohol 

K* 



246 CASllMDRK, MeCOMBliS, AXD SCARBOROUGH : 

iji the solvent is decreased. The esters of the ari/io*substituted 
benzoic acids behave in exactly the same way if we exclude 
those values of k which are abnormal, 4 bo decrease in the value 
of the ratio is very marked in the case of ethyl ?)-chlorobenzaate, 
and appears to be, to some extent, a function of the solubility oi 
the ester in the solvent. 

Table L 
k 

(Ethyl bpnzoate “ 1 ). 


Per cent. 

o-Chloro- 

o- 13 roino- 

y-Iodo- 

jLi-Chloi'O- 



alcolio]. 

benzoate. 

benzoate. 

benzoato. 

benzoate. 

'//ololuate. p-Tuhiatc. 

97 

3-43 

2-32 

1-40 

4-25 

0 -S 8 

u- 4 s 

90 

2-34 

1-87 

1-09 

4-17 

0 -SS 

0-47 

87 

2-40 

1-57 

1-01 

4-18 

O-SO 

0-47 

80 

1-90 

1-59 

0-79 

4-23 

0-68 

0-46 

70 

1-77 

1-17 

0-04 

4-06 

0-77 

0-42 

00 

1-43 

0-98 

0-58 

3-91 

0-66 

0-43 

50 

1-25 

0 -S 2 

0-44 

— 

0-61 

0-36 

40 

M 7 

0 - 7 o 

0-42 

2-90 

0-56 

0-311 

35 

M 3 

0-73 

0-45 

2-82 

0-60 

— 

30 

1-22 

0 - 7 () 

0 - 5 S 

3-73 

0-75 

0-40 

27 

1-12 

0-74 

— 

2-60 

0-71 

0-41 

io 

115 

0-74 

— 

— 

0-70 


A study of the 

curve, connecting 

k with tlie 

composition of the 

solvent, 

for any one ester shows that 

we arc dealing ith a 

react ion 


passing through a succession of foui' j)hasL’s, in each of wlncli tin- 
relation between k and the composition of the medium is linear, 
rile abnormal results obtained in the case of the enters (a tijc 
orf/io-siibstitutcd benzoic acids do not appear to affect this gnu ral- 
isation in any way. The .observed values of k and those cnieulaled 
for a linear relationship are tabulated for two typical esters, ethyl 
p-toluatc and ethyl o-chlorobenzoate. 


Table 11 . 


Ethyl j>-toluat(;. 
k (obs.). 


Por cent, 
alcohol. 
t )5 
1)0 
So 
S-‘o 
SO 
70 
0.7 
00 
70 
47 
40 
35 
30 
25 
20 


0-0134 

0-0230 

0-0,310 

U -0377 

O-OiUi 

0-04.7 

0-O7S 

0-077 

0-002 

0-113 


k (culc.). 

0-0137 

0-0224 

0-0310 

0 - 037 .) 

0-037 

O-O-IO 

0-077 

Ct-OSi 

0-004 

0-107 


Etliyl p-chloi'obt-tizoaic. 


k (obs,). 

k (calc.) 

0-098 

0-102 

0-134 

(|■]27 

0-152 

U -151 

0-160 

9-103 

0-162 

9 -llil 

0-164 

0-167 

0-173 

0-171 

0-190 

0-390 

U- 27 S 

U- 20 '> 

0-:;32 

0 - 33 } 

0-400 

0 380 

0-72 

0-51 

0-92 

0-9 5 

1-40 

i -37 
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The critical points were determined by calculating the points 
of intersection of the phases and were found to agree with those 
obtained in the case of ethyl benzoate and ethyl wobutyrate. The 
lirst critical point was found to occur at 80-7 per cent, alcohol, as 
ail average value for the esters examined. The second critical 
point gave two very sharply-defined values, depending apparently 
on the nature of the ester ; the mean value for the ethyl esters of 
or/Ao-siibstitutcd benzoic acids was found to be 62-5 per cent, 
alcohol, whilst for the other esters the mean value was oD-S per 
cent, alcohol. It was not easy to determine this critical point, as 
the change in direction from one phase to the next is slight and 
cmi.sequently small ciTors in the value of k might be a possible 
explanation of the two values of the critical point. On the other 
liand, between 56 and 62-5 per cent, of alcohol no fewer than three 
simple alcohol-water complexes are possible. 

The third critical point occurred at a mean value of 31 per cent, 
alcohol, and there was a period of transition betw'een 31 and 35 per 
cent, alcohol. 

'1'able ilirt. 

Critical points (per cent, alcohol). 

Ester. - — - 


o-chlorobenzoate 

SO-7 

G2-5 

31-0 

o-broinobcnzoate 

>5 

,, 

30-0 

o-iodobenzoate 

* V 

,, 

— 

/j-chlorobenzoato 

SO'O 

,78-7 

— 

7tt-toluatc 

su-s 

00-0 

31-0 

yj-tohiato 

SO- ,7 

79-0 

— 


Til the case of tho.se esters which wove too insoluble in a .solvent 
CQiitamiiig 20 ])er cent, ah-ohol for determinations of the velocity 
constant to be possible, an accurate calculation of the third critical 
point could nut be made, a.s the fourth phase was delincd by only 
two points. 

It seems scarcely possible that the critical points could agree so 
clu.icly with the values laapiircd for tlic formation of simple eom- 
jtlexes between alcohol and water, in the case of eight esters, 
unless these complexes do actually exist. 


Table 1115 . 

Per c'cnt. nloaliol. 

C'ompl(,'.\. CuIcuIutrJ. Observed. 

81 SO-7 

2r,H:.-0H,3H,>0 (V,] 02-5 

3CUT,-OH,5nT) no- 5 r)!)-7 

CjH.-OH.ilEO 06 -l — 

C,U5-0H,C)H;0 2<)-9 30-7 

If wc consider any one jdiase and calculate for a number of 
[Juints on that phase the weight of water iji 100 grams of solvent 

K*2 
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above the amount required for a possible complex formation and 
then plot these quantities against the corresponding values of k 
the relation vvill be found to be linear. 

The accelerative effect due to the added water varies from phase 
to phase ; but it is a most striking fact that in the ease of the ethyl 
esters of the ort/w- substituted benzoic acids we have a phase, in 
which the composition of the solvent changes from 80-7 per cent, 
of alcohol to 62*5 per cent, of alcohol, where the value of k is con- 
stant, within the limits of experimental error, throughout the phase. 
Tn one case, the value of k falls as the percentage of water in tho 
phase increases, and in another case some evidence points to a 
similar phenomcaon. These results were so abnormal that the 
experiments were repealed many times and it appeared as if two 
values of k wore possible in tlu' case of these esters for any uno 
solvent in this ])ha,sc (Tables XIV and XV). 

The esters of meta- and p«rf?-.substituted l)eiizoie acids behave 
in the same maimer as ethyl benzoate, in that the accelerative 
influence of added w'ater is always positive and that the critical 
points agree with those obtained for ethyl benzoate. 


hi X T K u I M y t a l. 

The ct'nyl alcohol was rc'ctificd and the ethyl alcohol'-watcr 
mixtures prepared in the manner (kcscribed in Tart I [loc. at.). 

Tlie siiljslituied benzoic acids were prepared Ijy the usual methods. 
o-Chloro-, o-bromo-, and o-iodobcnzoic acids were prepared from 
commercial anthianilic acid, jj-chlurobenzoic and p-toluic acids 
were prepared from eoinnu'rcial p-toluidine, and the w-toluic acid 
was a Kaiilbaum preparation. The acids wxwe all recrystallised 
from aqueous alcohol until tlie required iiicTtiug points were obtained. 

The ethyl esters of these acids were prepared and purified in the 
manner described for ethyl benzoate. 

The hydrochloric acid solutions ein[)loyL'd in the titrations and 
the solutions of potassium liydroxidc in the alcohol-water mixtures 
were prepared as pi'cviously described. 

The exi)eriments wvw cari’icd out at 30 in the manner described 
in Part 1. 

In some cases consideralde diiliculty was expcrieiiced in obtaining 
even a X /400-solution of the ester in alcohol- water mixture.s contain- 
ing less than 30 per cent, of alcolio]. The e.st(.T appears to form a 
very fine suspension in the alcohol-water mixture and true solution 
Avas only to be detected by tlu* ]'egiilarity of the velocity constant. 

The results are shown in the following tables and curves, all ef 
which are the result of duplicate dr triplicate experiments. 
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Table IV. 



Ethyl 0 

■chlorobenzoato (b. p 

. 122'^/ir) min.), 


Per cent. 



Limit 


alcohol. 

ckoh- 

C'CBter* 


k. 

95 

0-06189 

0-02222 

0-096-0-090 

0*098 

90 

0*05165 

,, 

0-120—0-139 

0*134 

S5 

0*05695 


0-148—0-153 

0-152 

82‘5 

0 05551 

,, 

0-156—0-164 

0-160 

80 

0*05085 

,, 

0-158—0-164 

0*162 

70 

0-04714 

,, 

0-160—0-167 

0*164 

65 

0-04610 


0-169—0- 176 

0-173 

60 

0-04849 

,, 

0-184 0-195 

0*190 

50 

0-05071 

0-01000 

0-249—0-270 

0*258 

40 

0*04240 


0-32J— 0-338 

0-332 

:{r» 

0-02055 

O-OUll 

0-39 -0-41 

0*40 

:}() 

0-01344 

U‘00666 

0*,5i —0*53 

0-52 


0-00553 

0-00226 

0-90 — 0-0.3 

0-92 

•io 

O' 00532 


1*34 151 

1-40 



Table 




Kthy] 0- 

bromobenzonto (b. p 

. 135°/1.5 mm.). 


Per cent. 



Limit 


alcoliol. 

ckoh- 


k. 

k. 

95 

0-07112 

0-02222 

0 0045— 0-0655 

0*065 

90 

0-05390 


0-091 — U-0925 

0-091 

85 

0-05224 

,, 

0-094 —0-108 

0-100 

82-5 

0-05662 


0-120 —0-128 

01 24 

80 

0-06090 

,, 

0-130 —0-140 

0-135 

70 

0-06423 


0-117 —0-127 

0-124 

65 

0-04610 

,, 

0-1 10 —0-124 

0-122 

60 

0*05214 


0.123 —0-135 

• 0-130 

50 

0*04300 


0-160 0-171 

0-168 

45 

0*04164 

0-0i66ri 

0-185 —0-195 

0-190 

40 

0*0394-) 


0-207 0-227 

0*218 

35 

0*04283 

0-01333 

0-245 —0-271 

0-260 

30 

0*04121 

0-01111 

0-31,5 - 0-328 

0-323 

25 

0-00553 

o•l)0220 

0-58 —0-63 

0-6] 

20 

0*00532 

- 

0-89 -0-93 

0-91 



Table VI. 




Ethyl c 

i-iodobenzoate (b. p. 

148". 15 mm.). 


Per cent. 



Limit 


alcohol. 

CkOH* 


k. 

k. 

95 

0*06189 

0-02222 

0-038—0-040 

0-039 

90 

0-05105 


0.051—0-055 

0-053 

85 

0-05695 


0-001— 0-068 

0-064 

82-5 

0-05551 


(|.063_0-070 

0-067 

80 

0-05357 


O-004— 0-07O 

0-067 

70 

0-04714 


0-066— 0-072 

0-068 

65 

0-04610 


0-071 0-074 

0-073 

GO 

0-04849 


0-074--0-080 

0-077 

50 

0-04605 


0-090 0-093 

0*091 

40 

0-04240 

0-01575 

0-118-0-127 

0-121 

35 

0-02055 

0-01 111 

0-1,54 -0-170 

0-161 

.30 

0-01766 

U-0U667 

0- 239— 0*252 

0-246 


^leasurcments in 25 per cent, alcohol and in 20 per cent, alcoltoi 
could not be carried out owing to the insolubility of the ester. 
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Table VIL 


Ethyl jj-chlorobpnzoate (b. p. 118 '’/!;) mra.]. 


Per cent, 
alcohol. 

Ckoti- 


Limit 

k. 

k. 

95 

0-02105 

O-Ollll 

0-113—0-125 

0-119 

90 

0-02201 


0-196—0-206 

0-202 

85 

0'02080 


0-258~-0'275 

0-266 

82-5 

0-02003 

,, 

0-32O-0-335 

0-33 

80 

0-02098 

0-00833 

0-35 --0-36 

0-36 

70 

0-02211 

0-01111 

0-42 —0-44 

0-43 

60 

0-01756 

0-00833 

0-50 —0-54 

0-515 

45 

0-01087 


0-68 —0-74 

0-71 

40 

0-01559 

0-00667 

0-83 —0-84 

0-84 

35 

0-01653 

0-00833 

0-97 -1-03 

1-00 

30 

0-01702 

0-00741 

].-4(] - 1’58 

1-50 

25 

0-00483 

0-00226 

1-97 -2-27 

2-13 


Measurements in 20 per cent, alef)liol eoiild not be earriefl nnl 
owing to the iusolulhUtv of the ester. 


Table VtlT. 


Ethyl ?»-toluatc, 


Per cent. 



Limit 


alcohol. 

CkOH- 

Cfster- 

k. 

k. 

95 

0-06189 

0-02222 

0-0235-0-0200 

0-024.5 

90 

0-05165 


0-036 —0-040 

0-038 

85 

0-05695 

,, 

0-049 —0-054 

0-052 

82-3 

0-05551 


0-054 — O-OGO 

0-0.57 

80 

0-05085 


0-057 -0-061 

0-058 

70 

0-05551 


0-069 - -0-075 

0071 

60 

0-04849 

,, 

0-082 - -0-090 

0-087 

50 

O-01605 


0-120 - 0-128 

0-125 

40 

0-04240 

0-0 1666 

0-157 —0-175 

0-164 

35 

0-02055 

0-01111 

0-207 — 0-217 

0-214 

30 

0-01766 

0-00833 

0-31 ■ 0-33 

0',32 

25 

0-00553 

0-00226 

0-55 - 0-Cl 

0-58 

20 

0-00483 

- 

0-83 - 0-89 

0-$6 



Table 

IX. 




Ethyl p-toluatc. 


Per cent. 



Limit 


alcohol. 

<'KOH- 

Ct'>U'r- 

/w 

k. 

95 

0-07112 

0-0333;i 

0-0129 -0-0136 

0-0134 

90 

0-05390 


0-022 -0-024 

0-023 

85 

0-05224 


0-0295—0-0325 

0-031 

82-5 

0-0566.5 


0-0345-0-036 

0-03r)5 

80 

0-06090 


0-038 - 0-0405 

0-038 

70 

0-06423 

,, 

0-044 -51-047 

0-045 

60 

0-05214 


0-055 — lf-060 

0-058 

50 

0-05893 


0-070 - -0-079 

0074 

45 

0-04164 

0-02222 

0-090 -0-094 

0-092 

40 

0-0.3945 

,, 

0-110 -0-120 

0-113 

30 

0-0439.5 

0-01111 

0-20 ■ -0-215 

0-21 

25 

O-OOoOC 

0-00226 

0-33 —0-35 

0-33 


JleasureDients in 20 per cent, aleohol could not l)e carried out 
owing to the insolubility of the ester. 
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Table X. 

Kth3'l o-iodobenzoate. 
()0 cent, alcohol. 


Time 

liiiins.). 

.‘SO 

205 

235 

2ti.5 

2S>.5 

3 :;o 

:> 7 o 


a;. 10 . 
0-0229 
0-0778 
0-0937 
0-1079 
0-116C 
0 - 12 o 6 
(1-1324 
(1-1,387 
(1-1,504 
Mean 


i .sapoiiilied — (T-7 per a 


Table XI. 

Kthyi m-toluate. 

20 por cent, alcohol. 

: U-U2414; b : : 0-01130. 


Y, 

11 Cl 

Time 

= 0-0084 AC 


k. 

(mins.). 

X. 10. 

k. 

0-077 

.30 

0-U1.32 

0-89 


60 

0-0238 

0-86 


90 

0-0316 

0-84 


120 

0-0415 

0-86 

0 07G 

150 

0-0485 

0-87 

0-077 

190 

0-0554 

0-85 

0-076 

230 

O-0G17 

n-S5 

0-074 

270 

0-0690 

0-87 

0-07.3 

310 

0-0739 

0-87 

U-076 

350 

0-0784 

0-86 

•7 per cemt. 


Mean 

(1-86 


Ester saponified = 69-4 per cent. 


Tabit: XU. 

Ethyl p-toluatc. 

TiO per cent, alcohol. 

- 0-05893: /> - 0-03333. 
irC3 - 0-023(‘)7 Ah 


Time 



'nius,). 

.r. 10. 

k. 

(iO 

O-OTTil 

O-OSO 

85 

().0003 

0-078 

120 

0-1229 

0-07:; 

145 

((.1303 

o-07;i 

Iso 

O-loVS 

u-od; 

205 

0-177.3 

0-073 

24.5 

0-198(» 

0-07!) 

2.‘i5 

0-206:; 

0-07,3 

;):!u 

0-2170 

0-074 

400 

0-2411 

0-070 


Alean 

0-0 74 

Eslcr su 

ponilicd 72 

■3 per cent. 


Table XIII. 

Ethyl p-chlorobenzoate. 
4.J per cent, alcohol. 
a 0-01()87; h - 0-0(is33, 
HCl = O-00S4 .Y. 


Time 

(mins.). 

.r. 10. 

h 

10 

0-0103 

o-so 

20 

0-0168 

0-78 

,30 

0 - 02 : 1.5 

0-71 

■10 

O.02S9 

O-TO 

•5f.) 

0- 0:538 

0-(i8 

60 

0-03 87 

(l-Tl 

7.5 

0-0414 

0-71 

90 

0-0495 

0-71 

105 

((-0.528 

0-72 

120 

0-0578 

0-74 


Mean 

0-72 


E-Ster saponified = 69-4 per cent. 


Table XIV. 


j-d 1 1 1 ■ cl 1 1 or ob e n zo a t c . 
<sn per cent. uleolKd. 

(I r.. 0 .( 14849 ; 6 0 - 02222 . 


llCi 

- 0 02725 

Y. 

Time 

(mills.}. 

;r. 10. 

k. 

45 

0-0698 

O'lST 

(i(J 

<J-O850 

0'1S4 

75 

o-io(m; 

0-l!)(i 

!)U 

0-1126 

0-187 

lUo 

0-1212 

0-1 S6 

1.50 

0-151.5 

0-192 

180 

0-1605 

0-188 

220 

0-1760 

0-192 

280 

(1-1896 

(.1-192 


Mean 

0-1 S9 


Ester saponified ~ 8;>-4 per cent. * 


Ethyl o-ehlorobenzoate. 
SO per cent, alcohol. 


a 

0-05085: b -- 

0-02222. 

Timo 

ILCL = 0-0272 

5 Y. 

{mins.] 

i. a:. 10. 

k. 

45 

0-0684 

0-172 

60 

0-0 SOI 

((•161 

SO 

( (-0995 

0-164 

100 

()-1129 

0-161 

120 

0-1260 

0-161 

110 

0-i:’*63 

0-159 

170 

0-1502 

0-100 

2 00 

0 - 1 60:5 

0-158 

240 

0-1747 

0-162 


Mean 

0-162 


sn[)onified — 78-0 per cent. 
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Table XV. 


Ethyl o-broinobcnzoato. 
80 per cont. alcohol. 
a - 0‘04810; h ^ 0-02222. 


HCl 

0-02- 

i25 X. 

Time 

'mins.). 

X. 10. 

L 

50 

0-0605 

0-139 

70 

0-0771 

0-139 

DO 

0-0916 

0-134 

120 

0-1100 

0-137 

1,50 

0-1245 

0-135 

180 

0-1386 

0-137 

210 

0-1510 

0-140 

240 

0-L597 

0-139 

310 

0-1771 

(J-110 

;U1 0-138 


E.slcr saponltied “ 70-S por cent. 


Ethyl o-bromobenzoate. 
80 per cent, alcohol. 
a = 0-05085; b - 0-02222. 
HCl = 0-02725 N. 


Time 

{rains,) 

X. TO. 

L 

50 

0-0590 

0-129 

90 

0-0918 

0-129 

120 

0-1068 

0-125 

150 

0-1221 

0-122 

170 

0-1352 

0-129 

190 

0-1420 

0-127 

210 

0-1479 

0-12:i 

24(1 

0-1583 

0-127 

275 

O' 1672 

0-127 


Mean 

0-127 

Plster 

?5aj)onifled - ■ 75 

■2 por (.-('III. 


Til Tables X l\^ and aiv shoii'D two dilTeivnt values of I ivhich 
were found for botli the estcr.s in SO per cent, alcohol l^he values 
wen* re aleti'rn lined and again confirmed, with the result that the 
higli I'alne of t appears lo be the coiTcct one for ethyl o-bromn- 
benzoate and the Ims' value of k for ethyl o-ehlorobenzoate. At 
this time a few experiments were being (^arried out on the inlliience 
of tempcralnre, and in two ex])eriraents at 15° a valiif' of k was 
obtained for ethyl o-ehlorobcnzoate which indicated, from the 
lemperatare eoeflieient, (liat the highin* value of k at W was the 
e or reel one. 


Su uunay}/. 


(1) A study has luam made of the influence of the eonipo.sition 
of a binary solvent mixture on the vafiooity of reaction between 
potassium hydroxide and the ethyl ester of certain monosnb.stituted 
benzoic acids in ethyl alcohol-vater mixtuics. 

(2) The curves showing the relation between the value of k and 
tlK^percentage composition of tln^ solvent are of the same general 
character for each of the esters examined. The curves show that 
we are dealing witli a ]irocess divisible into a succession of four 
phases, and the relation between the value of k and the composition 
of the solv(‘nt is linear for each phasr*. 

(3) The critical points occur at compositions of the solvent which 
are in every case tiiosc demanded by simple complexes between 
ethyl alcohol and water. I'hc existence of such complexes seems 
to be the simplest explanation of the phenomena oh.served. 

(4) Tlie slope of the curve for any c>ster compared with that for 
ethyl benzoate seems to depend to some ext(mt (Ui the siilubility 
of that ester in the solvent, it h'ss Ilian 60 per cent, of alcohol he 
presen I in The sol\ i iit . 
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(5) Certain abnormal results^ havci been obsovved in the eas^e of 
the ethyl esters of the or^Ao- substituted benzoic acids examined, 
but these results do not in any way affect the conclusions drawn. 

The authors wish to thank the Royal Society for a grant w^hich 
has enabled this w’ork to be carried out; one of us {A. E.C.) is 
indebted to the Department of Scientific and Industrial Research 
^br a ^rant, for which he desires to express his thanks. 

CfTEinCAL Lad ORA TOT? IKS, 

Camdridoe. [Rfcejvv.d^ Decemher XUh, 1921 


XXX. — 

By Sri Krlshxa. 

Collie (T., 1893, 63, 951) prepared a caniphorfluorescein from 
camphoric anhydride and resorcinol; and obtained very poor 
yields of the compound. This result is due to the fact that the 
anhydride is destroyed under the conditions usually chosen in 
preparing compounds of this class. Phenolcamphorein may, how- 
ever, be prepared under the regulated conditions described below'. 

Various condensing agents wxtc employed for tlie ])reparation 
of this compound, and hydrogen chloride (T., 1921, 119, 289} w’as 
found to be the most suitable, especially in presence of a small 
((uantity of zinc chloride. The reaction was conducted at 95— 
lUO"; at 105 — IKV a ])rown product (probably a fluorone), very’ 
slightly soluble in alkalis, was obtained, and at higher temperatures 
(150') the inixture soon ciuniged to a black, tarry mass. 

The phenolcamphorein and its various dci'ivativcs described in 
this paper arc inicrocrystallino substances of very light colour, 
which deepens considerably on warming. The melting points of 
the compound and of its derivatives being low, drying was effected 
in a vacuum desiccator over sulphuric acid. 

CXC.HpOH), 

Phf’.nolramphoreiii^ * 

CD 

Ibis substance was obtained by heating a mixture of 18 grams 
of camphoric anhydride, 22 grams of freshly distilled jihenol, and 
!•> grams of finely powdered zii>c chloride on a water-bath in a 
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current of dry hydrogen chloride for tea hours. The pink colour 
that developed after some time deepened towards the end of tlie 
reaction. The hot melt having been boiled with very dilute hych-i). 
chloric acid to remove zinc chloride, the residue was collpctcil 
washed, made into a paste with a little water, and poured into a 
litre of water containing 10 grams of sodium hydroxide. The 
solution was filtered after twelve hours and precipitated T\nth 
dilute hydrochloric acid, and the chocolate-coloured precipitate 
after being washed and dried, was freed from resinous impurities 
by the addition of Ijoiling water to its alcoholic solution until a 
slight turbidity was formed. The mixture, ba,vitig been boiled 
with animal charcoal and filtered, was treated with a dilute solution 
of sodium hydroxide, an<l flic plienolcampliorein was precipitated 
with carbon dioxide. The salmon-coloured powder crystallised 
from alcohol as an orange-red, microcrystalline powder meltiiri 
at 83"' (Found: 75-33; H 7-OL C22H24O4 reijuiros 

C = 75-00 ; H “ 0-S per cent.}. 

PhenokamphorJn dissolves in alkalis with ease, giving rod 
solutions which change to a light yellow on neutralisation; its 
behaviour towards strong alkalis is similar to that of phciiol- 
coumarcin. It is soluble in alcohol or acetic acid, but insohible 
in benzene or chloroform. 

The diaceUjl derivative, prepared in the usual way, the rcsinoin 
products being separated as described above, w'as obtained as a 
pale yellow powder by precipitating the aleoliolie solution with 
water, or as brown, nuerosuopic crystals from acetic acid, molting 
at 5tF (Found; C-71-7G; H - G-29. requms 

C “ 71-5G; K — G-42 per 

The dibenzoyl derivative was pre])ared by the Schotten-Bamuann 
method. Tire resinous products were separated by distillation in 
steam; the residue crystallised from alcoiiol in small, brown plates 
melting at 81 — (Found: C — 77-42; 11 — 5-59, 
requires C — 77'14; H — 5-71 per cent.). 

The dimethyl ether was prepared by heating on a water-bath 
for ail hour an allcaline metliyi-alcoliolic solution of the camphoroin 
with the calculated quantity of methyl sulphate, The cold mixture 
was faintly acidified, filtered, and preeipitated with cold water. 
The resinoiLS products were separated as already described, and 
on crystallisation kom methyl alcohol the dimethyl ether was 
obtained as small, chocolate-eoloun'd grains melting at GO" (Found: 

C = 75-9G; H 7-51. C24t[2g()4 requires (' --- 75-70; H - T-lO 
per cent.). 

The diethyl ether, prepared in the usual way and purifed 1\V 
the method described above, ciy&tallised from alcohol in very 
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small, orange crystals uiclting at 75° (Found : C = 76'22; H = 7-21. 
e.,gH3204 requires C == 76*47 ; H = 7*84 per cent.). 

*A /e/rrt6ro?»o- derivative was obtained by heating the camphorein 
and bromine in glacial acetic acid solution. The product, purified 
])V precipitating the alcoholic solution with warm water, was, when 
a pale yellow powder melting at 92° (Found : Br = 47*44. 
requires Br 47-89 per cent.). 


oh/'"/\/Yh 

7?o5orc?7zo^ci7 mpliore.inj 

CsHi/\0 

CO 

This compound was prepared by heating a mixture of 10 grams 
of camphoric anhydride, 12 grams of resorcinol, and 8 grams of 
liiicly powdered zinc chloride at 120° for six hours in a current 
of dry hydrogen chloride. The product, isolated in the way de- 
.<cribcd in the case of phenolcamphorein, was an orange-brown 
powder, but on purification the colour became slightly paler (compare 
Collie, loc. cit.). 

Jiesorchwkamphordn softens at about 180° and decomposes 
aliove 220\ It dissolves in alkali hydroxide solutions witli a 
R-d colour wliicli shows a strong, dirty green fluorescence. Tlie 
mintion in acetic acid is also fluorescent (Found: 72*79; 

H - .5-89. C 22 H,.X )5 requires C -= 72-23 ; H -- G-Oi per cent.). 

X jluoran derivative of camphoric anhydride w*as prepared by 
healing a mixture of 9 grains of camphoric anhj^ride and 8 grams 
of freslily distilled p-cresol for four hours at 120° in a current of 
dry hydrogen chloride. The melt was treated in the wav described 
above, when^ a grey powder, melting at 55—57°, separated. It 
was almost iirsoluble in alkalis, and its solution in acetic acid 
exhibited a slight fluorescence (Found : C = 79-91 ; H — 7-01 
^24^20^3 requires C =- 79*56; H 7*18 per cent.). 

Tu conclusion, I desire to express my thanks to Dr. F. G. Pope 
for his helpful suggestions and to the Research Fund Committee 
uf the Chemical Society for the grant which dcfi-ayed part of the 
expenses incurred in this research. 

East Londox Colt.ege 
(I nvivEESn-y of Lo,\do.n*}. 


[Received, is'eptmber lifh, 1921]. 
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XXXJ.—Organo-derivatives of Thallium, Part [y 
Action of ThalUum, Chlorides on the Qrignrird 
Reagent and on Organo-derivalives of Tin, Lead 
and Bismuth. 

By Dorothy Godbart) and Archie alb Edwin Godbarb. 

Meyer and Bertheim {Ber., 1904, 37, 2051) attempted to obtain 
thallium diphenyl bromide by the action of thallic chloride on 
magnesium phenyl bromide, but failed to isolate any product purf^ 
for analysis. After considerable difficulty, the authors have 
obtained this compound in a pure state, and find it to be verv 
sparingly soluble in organic solvents with the exception of pjTidinr. 
and to remain nnraelted at 290°. In the tolyl series, thalliun dk). 
iolyl chloride and the (U-gdolyl bromide have also been isolated, thesr 
again showing o.'vtreme insolubility. The compound resulting from 
thalli<‘ <'hlori(le and magnesium x-naphthyl bromide, namelv 
ihallium, (U-%-}mphikyl bromide, melts at 272°, this agreeing 
the authors' obser\'atiou in previous work, that the heavier the 
gi’ouping attached to the thallium atom, the lower the melting point 
of the resulting substance. Thailous bromide reacts with magnesimn 
phenyl bromide, causing a quantitative reduction to metallic thal- 
lium. This rcxlucing action of tlu' (Irignard reagent has also been 
noticed in the case of tellurium compounds (Ledcrer, Ber., 1910, 49. 
1015). The reaction is all the more remarkable when coin pared mth 
the behaviour of lead dichloride, which under the same conditions 
gives rise to lead tetraphcnyl (Pfeiffer and Truskier, j5er., 1904, 37. 
1125). It was shown (Goddard, tliis vok, p. 39) that, triphenvl- 
bismuthine and thallic chloride react in dry ether to prodiKf 
diphenylchlorobismuthinc and thallium diphenyl chloride. This 
reaction is now being extended to other organo- derivatives of the 
types; MRg: MR^; RAPHal. : R.MR^s: RgM-Hah, and 
R^MR^'Kal. Tin tetraethyl and thallic chloride in ether react 
according to the ee^uation : SnEt^ TICI3 = Et2Tl(d -f Et^SnCk 
If the solution containing the latter two substances be boiled M’ith 
water, the thallium diethyl chloride will gradually disappear and 
thailous chloride be produced, The reaction with tin tetra phenyl 
is more complicated, and is liest represented as follows : 

(1) 8Ph,8n V 2T1G13 = 2Ph<;ri(;l + 2Ph38nCl + Ph^SnCl^ 

(2) Ph2Sna - HoO = Ph.SiMOHlCl + HCl. 

Indication.s of the presence of tin diphenyl chloride were traced, 
but Aroiiheim (Artmkr, 187S, 194, 154) showed that the com pound 
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yields the hydroxychloride with water, and this probably accounts 
for the isolation of the latter compound. The reaction was carried 
(lilt in xylene, no change taking place in alcoholic solution. Thallous 
fliloride failed to react with tin tetraphenyl. 

In the case of lead triethyl chloride, wc have the following 

reaction : 

(1) RtgPbCl + TK'la - Et2PbC], -f EtTia 

(2) EtTia = TlCl 4- KtCl. 

'the assumption is made that under the conditions of experiment 
the unknown thallium ethyl dichloridc is not .stable, since only 
lead diethyl chloride and thallous chloride were isolated, 

Thai lie chloride and lead tetraphenyl react to give lead diphenyl 
cliloride and thallium diphenyl chloride', this being equivalent to 
chlorination of the lead compound, and siniilar to the chlorination 
uf triphenylstibine by thailic chloride (Goddard, loc.cit.]. The diffi- 
culty of the separation of the two chlorides thus formed was over- 
come when it was observed that the unknown thallium diphenyl 
oxide or hydroxide is soluble in alcoholic potash, whereas the lead 
compound is insoluble. 

Tri-y-tolylbismuthine gives rise to ihaUiii?n di-p-iolyl chloride 
and a tervalent bismuth derivative, probably di-p-tolylchlorobis- 
iimtliinc. In the ease of tri-a-naphthylbismuthinc, the })resence of 
di-a-naphthylchlorobismuthine xvas si j own (Challenger and Allpre.ss, 
T.. 1921, 119, 913) and thalUum di-oL- naphthyl chloride isolated. 

Metallic thallium vith lead tetraphenyl in xylene solution gave 
only small quantities of thailic hydroxide, no organic thaUium 
compound being isolated. 

Investigations on these double decompositions with other organo- 
metallic derivatives are proceeding. 

E X V E K T M E \ T A L . 

I'halllum Diphenyl Bromide. 

To a solution of 23*8 grams of bromobenzene and 3'2 grams of 
tuagnesium ribbon in dry ether, 10' 3 grains of thailic chloride in the 
same solvent were slowly added. The mixtui'e was cooled in ice 
during the addition, and after the x igorous reaetion had subsided, 
the product was heated on the water-bath for imlf an hour, cooled, 
and decomposed with water. After liitcring, the dri('(l residue was 
extracted with pyridine, when transjiarenl, inicroseo]dc needles 
(-'a grams) were obtained, which did not melt at 290'"'. These were 
treated with boiling acetic acid and ri'crystalliscd t\^■icc from pjmid- 
me before being pLiiv for analysis (Found ; Tl TG'TS; Pr — 17-79. 
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C,,H,„Br'ri requires Tl-46'58; Br =. 18'25 per cent,). The 
compound is insoluble in alcohol, chloroform, benzene, acetone, 
hght petroleum, acetic acid, or ethyl acetate. 


'Phallium Di-o-tohjl Chloride. 

This compound was prepared by the addition of 4-8 grams of 
thallic chloride in dry ether to a solution of lO'O grams of o-bronio. 
toluene and Td gi'ams of magnesium m the same solvent, Iht 
reaction was carried out at room temperature, a vigorous eft, 
vcscence taking place and a yellow- solid separating, the mixtm- 
being aUowed to stand for three days. After dceomposition. llic 
solid was extracted first with pyridine, then three times wift 
boihng dilute hydrochloric acid and twice with boding glacial acclic 
acid, finally with boiling pyridine. Slender, microscopic needles 
were obtained which did not melt at 290° (homicl: il-i/'Js; 
Cl = 8-32. ChHijCITI requires T1 - 48'39 ; Cl = 8'41 per cent,). 
The compound was insoluble in all organic solvents. 


Thallium Di-ihtohjl Bromide. 

The reaction was carried out with the same quantities as for the 
ortho-compound, but the Grigiiard solution was heated for an hout, 
and then decomposed on cooUng, a greasy, ycllowish-grey produei 
being isolated. This was boiled for half an hour with 40 c.c. of 
pyridine, filtered, the solution evaporated to V c.c., and the biomiue 
thrown out w ith ether. The substance was further washed w,t 
ether to remove the last traces of ditolyl, and then boiled ir.t 
glacial acetic acid, when pale yellow’ needles were ohtauml 
(Found : T1 -= 43-43 ; Br 10-94. Ci,,K,,BrTl requires J 1 - 4o-„: 
Br .= 17-15 pci- cent.). The substance is insoluble m ail organu- 
solvents tlic exception of pyridine. 


Thallium Di-^-napliihul Bromide. 

To the solution of 33T) graius of a-bromonaphtlmkne and 
grams of magnesium in dry eiher, 12’5 grams of tlialhc chlon c 
the same solvent vere sl...wly added vllli vigorous shaking, .ik' 
mixture being cooled in water, After the reaction had modtaati'a. 
the whole was allowed to stand at room temperature for one lioiu. 
and then decomposed with water. The residue was taken up i" 
pyridine, the solution on cooling depositing an oil. ihe ^ ^ ^ 
solidified to a dark hrown mass on the addition of water, am tn^ 
was boiled with ehloroiorm, the addition of light petroleum 
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iiiir out a pale fawn solid. After filtering and washing with boiling 
chloroform until the washings were no longer coloured, the resulting 
compound molted at 272^ (hound: Tl==: 37-15; Br = 14-81. 
(j^^H^^BrTl requires Ti — 37-92 ; Br = 14-85 per cent,). 

The compound is completely soluble in cold pyridine, moderately 
voluble in ethyl acetate, slightly soluble in alcohol, carbon tetra- 
chloride, or glacial acetic acid, and insoluble in toluene. 


Adion of ThaUous Bromide on Magnesium Phenyl Bromide. 

To a solution prepared witli lG-47 grams of broinobenzene and 
grams of magnesium in dry (dher, 2o-2 grams of tballous bromide 
were added in small quantities, and the whole w’as boiled for seven 
hours and allowed to stand for a w'cek, iVfter decomposition, 
IS grams of finely divided metallic thallium were obtained, and as the 
original lliallous bromide should have yielded 17 '8 grams, quantita- 
tive reduction had occurred. 


Adion of Thallic Chloride on (a) Tin Tetraethyl (b) Tin Tetrag^hen?/. 

(ff) To a solution of 2-75 grams of tin tetraethyl in 50 c.c. of ether, 
T() grams of thallic chloride in 9 c.c. of the same solvent were added. 
A slight turbidity ensued and the whole was boiled for half an hour, 
when shining crystals separated iogidher with a granular powder. 
Tlic mixture \\as (iltered hot and 1-35 grams ot re.ddue were obtained. 
Tiiis had an intolerable smell, and on treatment witli water yielded 
thallium diethyl chloride and thalious clLlorido. The evaporated 
liltratc yielded a solid wlueli softened ajipreeiably at 84— 85'’, 
indicating the presence of tin diethyl chloride, and finally melted 
above 100°. On treatment with aqueous ammonia, thallic hydroxide 
was obtained and also a white solid which was probably tin 
diethyl oxide, but the (]nantity was not sidlicient for further 
iuvc.stigalion. 

(/j) To a siispc’ision of 3'0 grams of tin telraphenyl in 30 c.c. of 
xylt'iie, 3’32 grams of tliallie chloride in I) c.c. of etiier were added, 
ihe mixture was l>oiled for half an Iiour, and a bulky, white solid 
itpaiated, wliicli wms filtered after cooling, ^vIlcn 4-95 grams of a 
mbstanc(' not melting at 2G0" were obtained, dbis was boiled with 
(deolute alcoliol and filtered lint, tin' residue (T35 grams) being un- 
dmiiged tin tetraphenyi (m. p. 22k ), Evaporation of the alcoholic 
liiU'ute yielded 0-55 gram ot thallium diplienyl chloride (Found: 
11 — o2'()9; (d — 9’37. Calc,, Td — 51'84; (d 9'01 per cent.). 
Ihf o\aporation of the xydene filtrate gave three crops of crystals 
i-0 9 1 gram (m. p. 187°), which contained no thallium and was 



260 


GODDARD AND GODDARD : 


identified with tin diphenyl hydroxychloride ; {b) 0‘3 ^am (m. p. 
90”), which was shaken with cold ether, the solution yielding (>28 
gram of tin triphcnyl chloride (m. p. 206'''); (c) 0'2 gram (m. p. 
79°), which, after three crystallisations from hght^ petroleum, 
softened at 42° and melted at 60°. This indicates a mixture of tin 
diphenyl chloride (m. p. 42°) and tin tripheiiyl chloride. 


Action of Lead Trkihyl Chloride on ThaUic Chloride. 

To a solution of 1'71 grams (1 mol.) of lead triethyl chloride 
(prepared hy the action of thy hythogen d'l^^de gas on lead 
tetraethyl) in 50 c.e. of ctlier, I'Tl grams (1 mol.) of thallic chlondr 
were added The whole wtis hoiled on the water-bath for one and 
a half hours and allowed to stand over-night, when pah yellm, 
needles mixed with a granular compound separated (0^8 gram). 
Filtration and evaporation of the filtrate yielded a further (^'38 
of the mixture. The comhined solids were boiled for half an hour 
with ab-solute alcoliol and filtered hot. The residue (O'd gram) was 
white and was found to he thallons chloride (1- ound : Tl - S>4.x 
Gale. T1 ^ 85T11 per cent.). Eyaporation of the alcohol yielded 
pale ’yellow needles (0'68 gram) which contained lead and wm 
proved to be lead diethyl chloride (Found : Cl - ^I'OJ. Calc,, 
Cl - 21-0!) per cent.). 

Action of TkalUc Chloride on Lead Tetraphenyl 

A mixture of 3'0 grains of lead tetraphenyl and 1'8 grams ol 
thallic chloride in 60 c.e. of benzene was warmed on the ''y«-ba 
for two hours. The residue obtained after filtering was boded or 
half an hour with excess of alcoholic potash and filtered. The solid 
remaining (4-0 grams) was organic and contained lead bu no 
thallium, and hy boiling with glacial acetic acid it yielded 1 6 yaw 
of an inorganic' lead compound. The alcoholic ffirate dqxisitd 
long ncedle.s (I' grams) whieli did not melt at irO , ' 

boiling with concentrated bydroehlorie acid and crys^lalhs ng fio» 
pyridine, gave pure thallium diphenyl chloride (!• ound : Cl - 8 .0. 
Calc,, Cl ^ tl'Ol per cent.). 

Action of ThalUe Chlornk on Tn-vdohjlbimmtMnc. 

Tim solid obtained l.y shakitig together 2'S5 grams of trit 
tolylbismiithiue and lH gmm of lhallio chloride , 

ether was hltered oil after tiie nnxture had stood half a. 

It was then boiled with acetone, and the filtrate gave a small ii • 
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litv of a tervalent bismuth compoimd, probably di-p-tolylchloro- 
liisniuthino, but the quantity was too small to ruanipulate. The 
jesidue from the acetone was r(' crystallised from pyridine, two 
crops of crystals being de])ositcd; {a) consisting principally of 
inorganic bismuth and thallium .sails {0'2o gram), {b) small, trans- 
jjarent needles of thallium di-p-tolyl chloride. The latter were 
purified by boiling with glacial acetic acid to remove any thallium 
p.tolyl dicliloridc and then recry, stal Used from pyridine (Found : 
XI = 48-10 ; Cl = S-oS. requires T1 = 48-39 ; Cl =- 8*41 

per cent.)- ThaUhnn di-\)-iolyl chlorUh docs not melt at 2!)fT’ and 
is slightly soluble in alcohol or acetone, and insoluble in chloroform, 
light petroleum, toluene, or alcoholic ammonia. 


Action of Thrdlic Chlonda on Tri-7.-naphfhylbismufki nc . 

To 0 0 grams of tri-a-naplithylbismuthinc in 00 c.c. of ether Mil 
grams of thallic chloride wore addcal, and the whole was boiled 
f(ir an hour and a lialf. From the ecjoled solution 0-2 grams of solid 
were ohtained, and cvap(wation of the ether gave 0-2 gram of a grey 
nias.s whioli contained unchajiged thallic chloridis bismuth oxychlor- 
ide, and Ma[)hlhaletie. The (r2 grams were boiled with benzene, 
the filtrate yielding 3-3 gram.s of unchanged bismuthine (m. p. 
2:13—284'^) and on evaporation TO gram of a bismuth compound 
(in, p. 225^), which was found to ho a mixture of ti-i-'^-naphthyl- 
hbmutliine and di-'x-naphthvlchlorol>ismiithine (in. p. 168”). The 
henzene residue (FO grams) \\as fr)iin(l to bo iMHlum di- 7 -naphihyl 
cMorldc (Found; T1 - 42'47 ; Ci .. 7-39. CboHi/TFL requires 
M 42-l;j; Cl ~ 7*3;) per cent.). Tlie compound is fairly soluble 
in hot pyTidinc, slightly soluble in glacial acetic acid, ethyl acetate, 
chloroform, or aicoliol, and insoluble^ in ether, acetone. l>enzene, or 
carbon t e 1 raeh 1 o r id e . 

The authors are indebted to the Research Fund Committee of the 
Chemical Society for a grant rvhicli has partly defrayed (he expenses 
uf this investigation. 

Tnr; Uxiveksity, 
l'vDOB.AST(»Nn [^rr.niMai A n . 


[Jh'rt'irfd. Jrmuiir>f 1022 .] 
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XXXJJ.— Metallic Derivatives of NitrophmoUc Com- 
pounds, Part 1 Some Complex Nitrophenoxides 
of Magnesktm, Silver, and Lead. 

By Archibald Edwin Ooddard and Jat^ies Bertram Ward. 

It has previously been shown (Goddard and Goddard, T., 102i 
119 , 2044) that the metals of the second A’eriical series of the 
periodic tabic readily yield salts with dinitrocresols. In the case 
of the mononitro])henols, liowcvcr, magnesium is the only metal 
which easily gives compounds. Eritzsche {Annalen, 1859, 110 
150) noted that “ magnesia alha/' when boiled with o-nitrophenol, 
does not all dissolve; no detinito eompoutid was isolated. 1'he 
authors, hownver, using light ’’ magnesium carbonate, obtained 
the normal salt (+ HgO) and its anhydrous derivative. A salt 
w^as formed from w-nitrophenol as described above, the solution 
evaporated to dryness, and the residue extracted A\ith ether before 
drying, when a compound corresponding with the formula 
l\lg( 0 II).,AIg( 0 H)(CGH, 03 X), 2 H 20 
was isolated. This bears rescmldancc in structure to the oxv- 
chlorides of magnesium described ])y Bender {AvvaJen, 1871, 159. 
341). In the para-series, the comjilex derivative, 

2 (C JI4O3X) AIg,C3H ,03^, 1 2H3O, 

was obtained, and from it the anhydrous normal salt, which on 
standing in air takes up water, forming the liydrate ( ; 41IoO). 

By treating an aqueous solution of o*nitropbenol with silwT 
nitrate in the presence of a little ammonia, only the anhydrous 
salt was isolatt'd. Eritzsche, using a slight excess of ammonia, 
had obtained tlu' same conqiouiid. Thc' composition of the para- 
salts depends on the conditions of ])reparation, the hydrate 
(h- 1120) beiiig formed by treating a cold solution of nitropbenol 
{1 mol.) and sodium hydrogen carbonate (1 mol.) with sodium 
hydroxide until neutral, and IIkui adding silver nitrate {1 mol). 
A ma-ss of yellow needles was immediately jirecipi fated, which, 
after standing for an hour, heeanie orange. This colour change may 
be due to two forms of the salt or to the breaking down of a double 
silver ammonium salt lirst produced ; in any ease, thc colour is 
not ill accordance with that of para-salts, Another anomalous 
salt, 4GeH503XAg,C(rll3G3X, i.s obtained by adding a boilins 
solution of silver nitrate (T mol.) to a boiling solution of ammonium 
p-nitropbenoxide containing an *c.\ccs,s of ammonia, and allowing 
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the .solution to cool from 70° to 20°, wlien deep scarlet needle 
of tlio above composition deposit. After these have been filtered 
oif, the solution, on further cooling to 5°, gives greenish-ycllow 
ervstals of the double silver ammonium salt, 

C6H,03NAg,C6H,03NXH43,0, 

tliis becoming scarlet when heated. It is analogous to the double 
,<ilvei- sodium thiosulphate described by Rosenheim and Stein- 
hauser {Z, unorg. Chem., 1900, 25, 72). All these silver salts arc 
('omplctoly soluble in pyridine, but insoluble in the usual organic 
solvents, witii decomposition on heating, hhitzselio {loc. df.) 
(lescribcd the coinpounds 5CQH403XAg,CcH-0.3X and 

CeH^OgXAg.C.H^O^X^H’d, 

hut the authors have not again isolated these. 


In ihe case of lead compounds, the chief difnculty has been 
io obtain definite compounds and not mixtures; very slight 
changes in the mode of preparation appear to alter considerably 
the constitution of the salts. Fritzsche, by the addition of boiling 
lead acetate solution to sodium /miitrophcnoxide, obtained an 
orange precipitate having the composition 2PbO,3('3^03XPb, 
whilst hot lead acetate solution added to free p-nitrophenol 
solution gave 4CV,T-r33NPb,CgH.03K. 


'fhe authors find that when o-nitrophcnol is treated with a slight 
excess of ammonia, heated to boiling, and added to a warm solution 
of lead acetate (-j- .SH.O), the resulting })rGcipitate has the com- 
iio.-itioii Pb0,Pb((JH)(C'eH403N). Ry carrying out this process with 
w-nitroplienol, the compound Pb0,Pb(CeH'^03N)., was isolated, but 
if only warm solutions are used the salt olAaincd corresponds 
^uih the formula 2rb0,Pb(C333:v),i^b(C,II,03X)(0H}, whicli is 
comparable with the basic carbonates of Stromholm (Z. amra. 
Chem,, 19(4, 38, 429). Tlie previous salt, in general formula 
resembles the lead .sulpliohaloids (Carnelly, T., 187C 29 489- 
Parmentier, Compf. rend,, 1892, 114, 298)’. In the ’para-series 
I'ritzsches compound, 4Pb(C3^03X},.C3,03X, was isolated, 
warm solutions of the two components being used, but if the hot 
Iciid acetate solution was added to a lio{ faintly nmmoniacal 
solution of ammonium p-nitrophcrioxide and the wliole allowed 
-OirnwAv re.sulting salt had the composition 

G 4 3*- grinding the two components 

together in a mortar, and then boiling with water, the basic com- 
iwund l>t,O.Pb(C,H40,,X),, was formed, whereas bv using con- 

'lu Tu Prlft "-arm soluf ions the more basic 

; , T'bO Ph( 0 H){('„H, 03 X), was deposiled. By pouring a 
^ luuon of lead a«.(ate into a sery large excess of anunonia, a 
. a.ipitatc containing S3 per rent, of lead was obtained, and this, 
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when treated with p-nitrophenol in the hot, gave the compoimd 

Pb( 0 H) 2 ,Pb(()H){C 6 H 403 N). 

In tho case of the nitrocresols, liot h'ad acetate solution was 
added to boiling, strongly aramoniacal solutions of the nitro. 
cresols, and, in the cases of the 1:2:3-, 1:3:6-, and 1:4:3. 
nitrocresols, tho composition of the lead derivative corresponded 
with Pb0,Pb(C7H603X)2, but the 1:2: 4-compound gave the 
substance 2Pl)0,?l)(07H^P3N)2,Pb(OH)(C7Hfi03N), this being 
similar to the compound obtained from w-nitrophenol Tlie 
derivative of 2 : 4-(iinitrophcnol, PbOjPIdOHKCy^HgO^Ng), 
sembled the salt from o-nitrophenol, and the dinitro-o-cresoi gave 
the compound PbO, 2 Pb (OH) (0711505X2). Taken on the whole, 
all these lead salts arc insoluble in water and the usual organie 
solvents, and exhibit the u,su:il colour, with the exception of the 
m,-mtro])hcnoxides, which are pale yellow instead of orange, 
Of the nitrncresol salts, all save tlie 1:2: 4-compounds are dccoir- 
posod by ethyl acetate with the lUDduction of lead acetate. These 
componnds mav be said to fall principally under the three general 
headings: (f) PbO,PbR2 or R'PlrO-PlrP, (II) PbO,Pb(OH)R or 
HO-Pb-O-Pb-R, and (111) ,rPbR.2,RH, wliere R is the aromatic 
residue. Formula (1) is analogous to the naturally occurrinir 
mineral matlockite/' and (II) to its substituted or basic form. 

Fj X F E R I AI E X T A 1.. 

Dc'nmiirc-'^ of o-Nifrophenol. — bright orange- 
red, crystalline plates, laecoming deeper in colour in chlornfonu, 
carbon tetrachloride, liglit pelrolenm, oi- toluene, and giving yellow 
solutions in alcohol, acetone, or pyridine [Found: M 8'S2 

(8‘78); Mg 7’80 (7’(i2) ; H^O = odIO (5-65) per cent.!. 

Cj2HgO(jX2Mg, liglit ivd. FjjH^O^NAg, brownish-red, glistening 
needles, decomposing with tornialion of silver oxide when boiled 
with alcohol, acetone, or toluene, and gi^■ing a yellow soluiion in 
pjTidine [Found: Ag — 43'23 (43’87) per cent.]. RyHoOgXPh. 
brownish -orange powd(‘r [Found : X = 2'27 (2’30) fier cent.]. 

Derivatives of m-X itrophehol --(f.H bright yellow, 
crystalline powder, becoming orange on boiling in pyridine, oarlioii 
tetrachloride, tolueiKv light petroleum, ether, or chloroform 
[Found: X = 5'62 (ri'12): Mg — 17'03 (17'77) per cent.]. 

{.'j.2Hg07X.)Pl),>, paii' yellow, eiystalline powder, darkening slightly 
in pyridine [Found : X 3-5fi (3'97) ; Pb = 59-00 (58-64) per 
cent.], OigHj30i2X3Pb4, dull yellow powder, darkening slightly 
in toluene [Found: X — 3*17 (3-16); Pb — 62'92 (02*40) pf*! 
cent.]. 
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Derimims of P-A'*i»0i^/i«!o/.-a,Hi5Oi2i\i\lg2,C(,Hj0.,N,l:iH»O 
hrilliunt yellow plates, I.ecuming paler on heating in a“tetonc or 
toluene [Fouiid : N - 7'48 (7'37) ; Mg := ,'j'05 (o'O!)) ; HjO = ;I7'3.) 
(37'17) per cent.]. GijHjO^NjMg, darker yellow [Found ■ M'> 
soil (S 10) per cent,]. obtained by allowing 

the anhydrous compound to stand in the air | Found : Mg ^ (idjd 
,0-53); FoO -= 19-34 (Ill'3.5) per cent.]. GeWtOaNAu.H.O, orange 
tioodles. decomposing slowly in tlu- tiir and yielding silver oxide on 
|„,ili,ig with most solvents. Its solutions in alcohol, acetone, or 
pyriiliiie are greciu.sii-yellow [Found : ^ ,y;j 2 ^ .pV-,() 

iWSe-): 11,0 - (i-93 (6-82) per cent.]. ,,Oi,N,.\g,„CVHA-N. 
riiiusoii, silky needlc.s, becoming brown in alcohol, acetone or 
toluene and giving a yellow solution in cold jiyridine or water 
[Found N - 6-Hi_ (6-24); ,\g = 3.S-2U (38-'l3) per ceiit.J. 

(‘,Hj(ljXAg,tV,H 803 N 2 ,ll./i, greeiiisli-yellaw needles, becoming 
grey in alcohol or ethyl acetate, greyish-orange in acetone, orange- 
yellow in tohiem’ or eliloroforiu, and red in carbon tctraciiloride 
[Found : M il O!», !»-88 (lO'Ol) : XH, _ 4'07 {4-30) • Ag ^ ‘>-,-66 
,2.770); H,0 ^ 4'77 (4-20) per cent,]. ( •.sH3,0,.X,Pb„0„H,0,N, 
liidliaut yellow nectlles, giving an orange solution in pyridine 
[Found: X - (r05 (O'OS); Pb ^ 3y-67 (;i9'9y) per cent. 1 

''iiWuiOi.XpPb^.CeHjOjX, itull yellow, lilunt-ended needle.s 
IFouiid: X = 6'o8 (0-34); Pb -- 37-3(i (37-49); (• H-O X - 
,12-.W) per cent.]. C,H,0„Xl'b„ brilliant yt-llow- crv-slallinc 
powder, winch becomes slightly orange when heated in“acctonc 

^ K po^\ dcr [Found : FI} ,-)8-75 (58-64) per 

ceiil.]. CjH-tljX’Pb,, brilliant yellow powder [Found ■ \ ^ -w-it 
( i-39) ; Pb ^ 70-20 (70-70) per cent.]. ‘ 

^ Dermtkr.■,oJ^l|rocre,oh.-YTom 3-nitro-o-ei-esol, 0„H.,O.X Pb 
hue. b.-,ght red needles, partly soluble in pjnidme and sc lai-Iting’ 
m eoolnig, in |,ale pink crystals [Fouiui : X 3-.-,7 (3-82) ■ 

1 1) _ .aa-oO (,i(i-41) per cent.]. From 4-nitro-o-cresol, 

iright orai^^e, crystalline powder, becoming pale red in pvridinc 
iound: X = 2-99 (3-1,7); Pb = 03-42 (0241) per cent.]’' F^m 
(^^utro.ui.cre.sol C' ,H,0,XPb, bright yellow, crvstalline pnwde“ 
‘■-■‘d; X = 3-49 (3-82); i’b = ,56-37 (76-41) pm- cent.]. ’ Frmn 
mxTfneT ’ ,!ow-der, licombg 

A- ^ per cent 1 Fmi^i 

"I’j - u ^ I'A 
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Derivative of 2 ; 4r-diiutro2)'henol, C 6 H 407 N 2 Pb 2 , brilliant yellow 
crystalline powder [Pound : N ~ 4*53 (4'45) ; Pb — 65'07 (65'73) 
per cent.]. 

The University, 

Edobastok, BiEMiNCirtAM. [llccckaJ, Juauunj im , 1922 .] 


XXXIIL- '^4 Crilical Examination of the Aromalic 
Aldehydes occurring in certain Eucalyptus Oils, 

By Arthur Bamon Pexfold. 

During March, 1920, lUr. II. G. Sniilh and the author carried nut 
an investigation on the aromatic aldehydes present in the oils of 
Eucalyptus hemiphloia and E. pohjbractea. The result of this Avork 
was the isolation of a hitherto unsuspected aldehyde named cryptal, 
as well as one closely resembling phellandral, Avhilst the presence 
of cuminaldehyde Avas confirmed. (This Avoi'k is recorded in detail 
in Baker aiuf Smith’s 2nd edition of the Eucalypts [1920], 
pages 383—388.) Unfortunately, wo were unable to separate any 
aromadendral, the aromatic aldehyde discovered by H. G. Smith 
in 1900 {see J. Eoy, Soc. Eav South Wales, 1900, 34, 286; aUo 
Pkarm. J., lOOo, 75, 356, 382; Traus. Roy. Soc. South Austndki^ 
1916, 40, 485). The purest specimens of cuminaldehyde isolated 
by us, hoAvcver, possessed ImA^orotations varying from — 
to _ AAhicli Ave beiicAed to be duo to aromadendral but 

Avere unable to isolate it on tliat oceasioti. 

In order to separate this laAvorotaiory aldehyde from the cumin- 
aldehyde, and also to ascertain if the other aldehyde so closely 
resembling phellandral A\as in reality that particular aldehyde, 
the present author undertook tlie investigation about to be detailed. 
The res\jlt is that the akkdiAale resembling phellandral lias been 
isolated in a purer condition lliau before, and proved to be idejitical 
therewith, Avhilst an elliei('nt and simple method lias been found 
for separating cuminaldehyde in a state of purity from the accom- 
panying hevorotatory one, Avhiidi is sho\A'ii to be phellandral 
The aldehyde aromadendral A therefore, is merely a mixture of 
cuminaldehyde and phellandral, and this accounts for the abseiicf 
of regularity in ojitical aetiA'ity previously obsei'ved for pr(‘parations 
of this composite ‘ridehyde, the kevorotation being dependent merely 
on the '■ arylng amount of pliellandral present. 

The author has been unable to detect tiie presence of any aldebyde 
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,tlier than cuminaldehydc, plicllaudral, and cryptal, wliicli three 
are now quite readily separated from each other. 

Tliev have "been .separated from various eucalyptus oils from 
pii'oe diil’eront States of the Commoii^vealtlp and tlie optica] activity 
,f the two optically active ones has been found to be constant, 
iiaiiicly: Phellandral, a — 130-6^ to — 13r, whence [ajf; 
_ 138-9^ Cryptal, a — 76-2^ whence [y.]!'; — 80*75^ 


Expert 3i e x t a l. 

Aldehydes from E. hoinipliloia, J.S.ir. 

Four hundred and sixty-two kilograms of the leaves and terminal 
brniichlets of this species, procured from Cabramatta iji the neigh- 
bourhood of Sydney during -Eebruary, 1921, on distillation with 
steam yielded 2-3 kilos, of oil, ecpiivalcnt to Cm per cent. A portion 
of the leaves of the young growth was kept separately from the 
<Treator hulk of the mixed young and old material. 

" T!ic characters of the two oils were as follows : 


T)| iU I-T' 

0{'tioai rotation 

Hf'imc'tive iiide.v fit 20' 

Ciiicoli; 

rJirlliimljX'Jic 

.\ijioimt of oil 


(1) 

cm fj’oni 
yoiuj;:: material. 
(S8G70 
~ 21-.jr 
14S80 
triU.o only 

absent 
ol;> y ranis 


(2) 

Oil irom 
mixed material. 

0- 8902 
- 28-02" 

1- 4883 
traee only 

( j I resent in 

[ moderate amount 
UOi grams 


Tiu' oils were distilled at 700 tiim., and tlie portions boiling 
above 185' reserved for treatment, Xo. 1 giving 200 c.c. and 
Xo. 2 -400 c.c. of oil boiling above this temperature. Each of 
tlicse fractions was shaken at ijitervals with 35 per cent, sodium 
[lydrogen sul])liite solution, and, after twenty-four hours, the 
diiahions wert' filtered with suction. The solid, ciystaJliiie cakes 
were wa.d]cd with alcohol-etlKT until free from oil, and dried on 
jiorou.s plate. 7'hey weighed 35 grams and 65 grams respectively, 
and on treatment with sodium carbonate solution and steam 
distillation, 16 c.c. and 32 c.c, of aldehyde \vefc obtained, which 
liad the following oliaractens : 


Itai.sKy ill lo" 

djtficiU JUl.itiu/i 

; ia-Oiii'b'vo index jil 20- 
' -4, [). ot' Hr- oximo .... 


Sjirc-iimm 
.V" (IGc.x.}. 


Aruniiidendnil." 

Spec- i in on 
B '-(32 0.0.). 


0- 0087 

...47' - 4(P 

1 - .1144 

84— Sj- 84- 
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Both the above samples of aldehyde, A ” and “ B/’ ^vere 
mixed, and reserved for subsequent treatment (see “ aromaden- 
dral ”). 

The filtrates from these were mixed and the aqueous hydrogen 
sulphite layer separated from the oil (see crypt a!), the latter being 
again shaken with fresh 3d per oent> sodium hydrogen sulphite 
solution, when, after the lapse of twenty-four hours, a second crop 
of solid bisulpliite (lotnponnd was obtained, which was separated 
and purified, as described above. The amount obtained was 
47 grams, and on treatment with sodium carbonate solution and 
steam distillation, 1^4 e.c. of aldehyde uerc^ obtained having the 
following constants : 

Density at 

Optical rotatioti 

Refractive index at -0 

M. p. of tia- oxime 

M. p. of the acid obtaiued uu oxidation 

'Hie aqueous hydrogen sulphite filtrate from the solid eompound 
was separated from tlie oil, repeatedly washed wit li ether to remove 
traces of the lattei’, and deconqiosed with an aqueous solution of 
sodium hydroxide (the aldehyde is not regenerated with sodiiun 
carbonate), when Of) c.e. of crude eryptal were obtained. 

After purification by means of neutral sodium sulphite solution 
in the cold, the aldehyde had the following constants : 

Boiling point D8— lUO""! 

Density at 'JO ' 0'9A42 L, 

Optical rotation ~ Ip 

Refractive index ut 20” 14s:i0 ^DP^‘U. 

M. j). of the semicai'bazoiir 170 — 177 ® J 

Aroma(U'iidr(ii"--The mixed samples ''A” and " B " were 
found to be identical witli the aldehyde described under this name 
by Baker and .Smith {op. rit.). After a number of trial experi- 
ments, the author was abh' to resolve this composite aldehyde into 
its components by the following proeerlurc, 

The mixed samples ” A and " B ' were again treated witli 
sodium hydrogen sulphite, ami the crystalline compound was 
heated to boiling wuth a 3') ]X‘r cent, solution of sodium hydrogen 
sulphite for about one hour. ITie mixture was ke^^t over-iiiglit, 
and then filtered from the cuminaldehyde bisulphite com pound 
which had crystallised out ; the linvorotatory aldeiiyde was present 
in the filtrate as a sohibk' suljilionic acid, The solid compound 
was washed with 35 per cent, sodium hydrogen sulphite solution, 
and on decomposition with sodium carbonate solution and steam 
distillation yielded eumijialdehytle of optical inactivity, wliilst tlic 


U'94S7^ 

— I 

1-W56 ‘,p ; 

87 - 88® i t’hellumiral. 

ID - 145" 
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soluble sulphonic acid gave the iaivorotatoiy aldehyde on treat- 
meat with sodium hydroxide solution. This aldehyde proved to 
pe phellandral. As thus obtained, the aldehydes possessed the 
following constants : 


Roiling point 

Density 

Optical rotation 

Koiractive index at 20' 

M. p. of the seraicarbazono 

„ ,, hydrazone 

oximo 

,, ,, acid obtained by oxidation 


Cuminaldehydc. 
110710 mm. 
0-9S2 at 15' 
inactive 
D5287 
210— 21 P 
12G— 127' 


Phellandral. 
00'/5 mm. 
0-<l412 at 20' 
- 130-85' 
1-4912 
204—205' 
122—123' 
87—88' 
144—145' 


^Sample “ C/’ on reet ideation, yielded phellandral of the same 
cho'inical and physical characters as the above prepared sample. 

To obtain confirmatory evidence of the accuracy of the method, 
a specimen of tlie original oil of E. saluhris frotti West Australia 
distilled in 190T was treated and the mixed aldehydes separated. 

The constants of the composite aldehyde given bv' Tiaker and 
i^mitli; 0*9534, — 90-43^, l-aObO, ?u. p. of the oxime 

84-- So'y pointed to its consisting largely of phellandral. On siib- 
jeetiiig the mixed aldehydes to the treatment descri}>ed under 
aromadendral,” pure cuminaldehyde and pliellandral, [a]^ — 131-8% 
wre obtained. 

The siiece-ssful separation of the three aldehydes, cuminaldehyde, 
phellandral, and cryptal, depends on the use of pui’e sodium 
hydi-ogen sulphite, which was employed throughout the investigation, 
the ordinary commercial grade being untrustworthy. 


Siimmary. 

(1) A method has been devised for sejiarating cuminaldehyde 
from jjlieUandral when found occurring together. 

(2) Aromadendral is shown to be a mixture of cuminaldehyde 
and phellandral in varying proportions. 

(3) The three aromatic aldehydes, eutninaldehyde, phellandral, 
and cryjilal, hav(' been s(‘parated from each other i]i a state of 
purity when all three occur together, as t [ley do in certain eucalyptus 
oils. 

Teciixolocical Museum, Sydney. [Reccir.ed, August m, 1921.] 
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XXXiy.—The Products of Nitration of Toluene.. 

By William Howiesox Gibson, Kebecca Duckham, 
and Ruth FA 1RBAIR^^ 

Early in 19 lo it became necessary to accelerate and increase the 
output of trinitrotoluene used in tilling liigb explosive shell, and 
on this account puriticalion by crystallisation Avas abandoned, the 
crude product being substituted. In Uiesc circumstances it was 
found essential to study the nitration^ toluene ([uantitatively at 
each stage, especially us little information could be obtained from 
tlie literature. One of us, therefore, outlined a programme of 
work designed to give the information desired on the proportions 
of mono-, di-, and tri-nitrotoluenes produced at each stage of 
manufacture and on the behaviour of the crude trinitrotoluene 
under varying temperature conditions. A summary of the results 
is now given, the method of thermal analysis being used through- 
out. The details of manipulation followed closely those of Fhilip 
(T., 1903, 83, 814), and so are not further described. 


Mononitraiion . 

Previous workers are Holdermann [Ber., 1906, 39, 1256), Friswell 
(J. aSoc. Chem. Ind., 1908, 27, 258), and van der Arend [Verslagen 
K. Akad. ireieusc/o A msterdam, 1908, 208). 

KeJereJicc Curves.— Ai> the product of mononitration is mainly 
0 - and p-nitrotolueiies, the binary fusion curve for o- and p-nitro- 
tolueiies was first plotted from tJ.ie data given in Table landing. 1. 


Tablu I. 


p-Xitrotoluene 
per cent, 
100 
00 

(iO 


Crystallisaiiuii 

4:)'i3 
30- 7.') 

2o2 


p-Xitrotolueue 
per cent. 

.:>o 

35 

25 

0 


Crystallisation 

point. 

10>T" 

- 04 

- 14*33 

4 


The.se values agree with ivsult.s obtained by Hollcman (Ff-r. 
irav. chim., 1914, 33, 1), which were not available at the time of 
our investigation. Bell and Spry (J. lud. Eny. (hem., 1921, 13, 
60) have since published similar ligures. 

The fusion curve for m- and p-nitrotolueiies, not previously 
investigated, was plotted from the results given in Table II and 

Fig. I." 
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Table II. 


•Nitrotoluene 

Crystallisation 

m-NitrotoIueno 

Crystallisation 

per cent. 

point. 

per cent. 

point. 

0 

51-0'’ 

73 

2-D" 

25 

36-2 

75 

-10 

40 

24-4 

so 

2-S 

5(> 

15-4 

110 

lO’O 

67 

~ 2-9 

100 

l()-0 


The ternary fusion diagram fur o-, nt-, and j:>-nitrotolnenes was 
|)iU'tIy studied, about thirty observations Ijeirig made, chiefly in 

Fig, 1. 


Mixture of u- and Mixture of m- and 

p-nitroioluenes, p-nitrotolueiwfi. 



Percentage of p-nitmtotuem. 


the regions where small percentages of w-nitrotoliieiie are present. 
The results taken from this diagram and given in Table III were 
used in analysis. 


Table HI. 

Addition of ?n-nitrotoluene to a mixture of 75 per cent, of o- 
and 25 per cent, of p-nitrotolucne. 


«t.Nitrotolueiio 
per cent. 

1 - 03 

2 - 04 
2-93 


Cry.stallisatioii 

point. 

■- 

- loAi 
-- 1G3 


eoNifrotoluene 
per cent. 

4-1 

8‘«o 


Crystallisation 

point. 

~ KMC 

- 17>4 

- 19-3 
L 2 



272 


OIBSON, DUCKHAM, AND FAIKBAIRN : 


Methods of Analysis, — I. Special Method for Mononitrotoliienc^ 


When commercial rdtrotoluene is cooled, the initial crystallisation 
point is rather difficult to determine, as it is not very far removed 
from the eutectic and there is a great risk of over cooling. The 
second crystallisation point is veil defined, however, as the eutectic 
represents about 85 per cent, of the mixture. 

The method adopted to obtain greater accuracy was to determine 
the second crystallisation point of the original mixture and then 
to add an equal quantity of pure p-nitrotoluciie and determine the 
initial crystallisation point : as the mixture was quite rich in p-nitro- 
toluene, a wclkdermcd halt was then obtained, The percentage of 
jj'nitrotolnene P in this mixture is read off from the o-;p-cnrve 
(Fig. 1), the small quantity of ???-nitrotolncne present having, 
judging by tlic ternary diagram, much the same effect as the same 
quantity of o-nitrotoluene in depressing the crystallisation point. 
The percentage p of p-nilrotolueiic in the mixture under investi- 
gation is conseqiieidly p ~ 2{P — 50). The percentage m of 
m-nitrotoluene in the eutectic of the original mixture is read olT 
from the curve drawn from Table III. d^hen, if ic is the required 
percentage of ?a-nitrotolucnc in the mixture and p the percentage 
of p-nitrotoluene, 


X = im 


{100 ~ p) 
TO ’ 


for in 100 parts of the mixture there are p parts of p-, x parts of 
m-, and (100 — p — .r) parts of o-nitrotoluenc; the eutectic of 
this mixture, since tlic composition of the eutectic of o- and p-nitro- 
toluenes is 75 per cent, of o-nitrotoluene and 25 per cent, of p-nitro- 
toluene, will contain a- parts of m-, 100 — p — a: parts of o-, ami 
25/75 (100 — p ~ a’) parts of p-nitrotoluene, and the percentage 
of m-nitrotoluene in the eutectic is 


1 OO ,r 

1 (100 ■ - + X 


IT General il/e//m(^ Applicable lo 2'ernary Mixtures, 

This depends on obtaining known and unknown mixtures of tiic 
same second crystallisation point. 

In Fig, 2 a ternary compositimi diagram is sliown, in which 
0, P, and M represent 100 per cent, of each of the isomeridcs 
ill triangular eo-ordiiiatcs, A rcpicHcnts the composition of tlic 
eutectic mixture of 0 and P, and T the ternary eutectic cum- 
position. B represents a known mixture of 0 and P, and 



THE PRODUCTS OF NITRATION OF TOLUENE. 


273 


B }[ a known curve of compositions obtained by adding M to B. 
Tlic second crystallisation points of this series of mixtures arc 
taken, corresponding with compositions along the boundary curve 
4 y. Then let C represent any unknown mixture in the region 
4 PT; its second crystallisation point iy, corresponding with 
(hat of the known mixture D, is determined, a known percentage 
of J/ is added, and the new second crystallisation point F, corre- 
sponding with tliat of the known mixture G, is deterinined. The 
composition of the mixture G may then be calculated as follows : 

Let .1' l>c the required percentage of 0, and the required 
jiercentage of M in the mixture 0. IaT h bo the percentage of 
added to 100 parts of 0 in the determination. ixT. d be the 

Fic. 2. 
o 



pore(Mitagc of J\[ addf'd to 100 part.s of the know]i mixture B 
which gives tlie same second crystalhsation point as and g the 
percentage of J/ added to 100 parts of B which gives the same 
second crystallisation point as C after the addition of h parts of J/ 
{(I and g correspond witfi J> and G in IIk' diagram and are read 
Oil from tlie curve i> J/, ])lotted as second crv.stallisation point 
against added percentage of d/”}. Also lei p Ix' tlie percentage of 
0 in the mixture H. 

Then 

V '! U 

hence c =. .'}J> ancj _ P ’> 

il ~ d (j d 

The percentage of F in the mixture is 100 - .r - 
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If the substance M is not available for adrlition to the unknowTi 
mixture C, a definite percentage of the known mixture B may ho 
added. Then, by similar reasoning, if x, z, and d have the same 
significance as before, but k is the percentage of 0 added to C 
when a quantity of mixture B is added for the second determin- 
ation of the crystallisation point, and g the percentage of M added 
to 100 parts of B which gives the same second crystallisation point 
as the mixture formed by this addition of B to 0, 


hence 


2 

a: 

X 


-and 

P 


X -\- k p 


kg 

d-g 


and z — 


dkg 
p{d - g] 


Table IV. 

Curve B]\L -The percentage of w-nitrotoluene added to a 
mixture of 70 per cent, of o- and 30 per cent, of p-nitrdtoluene, 
and the con’esponding second crystalhsation points, 


Added m-nitro- 


Added w-nitro- 


toluene 

Second crystal - 

tolueno 

Second cry.^tal. 

per cent. 

lisation poiul. 

per cent. 

lisation point. 

o-r> 

u-r 

2-0 

- 16-F 

It 

- lo‘3 

It 4 

- 10'5 

1-7 

- l,"cl.l,7 

4' It 

~ 17-0 


15' 9 

.0-1 

<1-05 

- 17-4 

10‘lt 


Examination oj i\! ononi{ro(ohirm\—^nmp]esi of mononitTotoluene 
were prepared under varying conditions of nitration as detailed 
in Table V, and tlie resulting products analysed by method I. 
The effect of condii ions on the composition is not large, allhougli 
low temperature reduces the proportion of w,-nitrotoliiene and 
increases the proportion of p-nitrotoluene. When a small luilk 
of mixed acid is used, the nitration appears to proceed too vigorously 
for the temperature effect to be obtained. 

Table V. 


Crystallisation Calculated 

Weiglit of nitrating acid, points. composition. 


loluene. , 

IT, SO,. 

JfN 03 . 

H,0. 

i eiiip. 

Initial, 

Second, 

Ortho, 

Itteta. 

Para. 

7i) 

282 

is 

40'' 

30-8° 

- 17'35® 

CQ'7 

4-3 

3-7 


282 

18 

0 

31-7 

- 164 

60-3 

2-5 

37 2 

35 58-7 

23'8 

17'5 

.'ll) 

30-3 

- 17-3 

62-2 

4-3 

3.3-5 




40 

29-8 

- 17'2 

6.3 -G 

4-2 

32-2 

.. .» 


,, 

20 

30'35 

- 17-4 

61-9 

4-5 

33'6 


,, 

,, 

0 

30'6 

- 17-45 

6M 

4', 5 

34 4 

» 112 

,, 

38'2 

40 

XO'25 

- 17-1 

62-7 

3*0 

33-4 

36 



0 

31 3 

- 16-8 

60-5 

3,3 

36*2 
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Mononitrotoluene prepared under the conditions recorded for 
the lifth sample in Table V was examined by method II (botli 

variants). 

(fd The second setting point, — 17*4°, corresponds with 5’ I on 
the curve B M (Table IV). 

After the addition of 2 per cent, of m-nitrotoluene, the second 
netting point, — 18*5'', corresponds with 7-4 on curve B M. 

p ™ 70, = 5T, gr = 7'4, and A ^ 2 . 

5-1 x 2 70 X 2 ... 

Hence 2 = T. 3 - = ^'4, and a; - - 6 ] . 


Therefore the composition is 0 - 61, m - 4-4, and p- 34-6. 

( 6 ) The second setting point, -- 17'4", corresponds with 5-1 on 
eiirveJ? ilT (Table IV). 

.Vfter the addition of an oe^ual part of niixtnn" H (70 })er cent, of 
Q- and 30 per cent, of p-) the ,s('cond setting point, — 10 7 corresponds 
witli 2 4 on curve B M. 

Here p ~ 70, t/ — 5'1, gr — 2 ‘4, and k ~ 70. 


lienee 


.ukI 


k! 



() 2 -: 


d k (I 5-1 X 70 X 2-4 
p{d - ~ 70 X 2-7 


4-.T 


Therefore the composition is 0 - ()2'2, ///- 4',“). and p- .33-.T, 

Mononitrotoluene prepared under tlK' usual con* 
tlition.s of nitration will contain a])proximat(‘lY 


o-nitrotoluenc 02 jkt rent, d: 1 . 
p-nitrotoluen(‘ ITI-.o to 32 jku- cent. 

WMiitrotolueiK' 4-5 to I -2 per cent. 

These proportions do not appear to be affected sufficiently by 
variations in the process to make the suppression of wonitrotoluene 
fea.sible, and therefore' the intiuence of all thi-ee isomerides must 
he considered in the subsequent stages of nit rat ion, 


Dinifrafion, 

Previous Work . — There appears to be in the literature no account 
af quantitative work on the dinitration of o-]iitrotoluene. It is 
usually stated, without reference, that p-nitrotoluene gives 2 : 4 - 
dinitrololuene only. Sirks {BiU'. frav. chinu, J!)o7, 27, 208) found 
that ?u*nitrotolueiie gave more than 50 per cent, of 3 : 4 *dinitro- 
toiuene, and more 2 : 3- than 2 :/)-dinitrotoIu('ne. 

Pefereuct' Curves — As o-nitrotoluene gives on nitration 2 : 4- 
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and 2 : 6-dimtrotoliiGnes, the binary fusion curve for these t^vo 
isomerides is important, 

Giua {Btr., 1914, 47 , 1721) gives results ^v•hiek do not agree 
well with ours, given below in Table \T and Tig. 3. 


Table VI. 


2 : (iT)InHi'o- 

Ciyst alii sat ion 

2 : G-Dinitro- 

Cry’stalHsatioii 

toliK'iiu per tout. 

[)oint. 

toluane per (-(-nt. 

point. 

0 

60-8*^ 

61-8 

37-15^ 


(U-5 

65 -2 

39-95 

27-80 

53-!)5 

70-9 

44-55 

:i.3-4:t 

4<J-!)5 

73-(i 

46-25 

30*. *. 

4.5-0 

7 7 ‘5 

49-0 

44-g:i 

.39-75 

81-7 

52-25 

48-14 

35-95 

83-9 

53-95 

oO-O 

;l4-75 

90-8 

59-05 

51 -95 

33-15 

95-2 

61-45 

55-75 

32 05 

100 

64 65 


Fig. 1 

Mixture of 2\i‘ and 2 ; G- Mixture of 2 ; 3- and 2 : 5- 
diniirotoJiieixs. dinitrotohiencs. 



20 40 GO so 100 20 40 60 80 lOo 

Mixture, of 2 :3- and 3 : Mixture o/2:5- 3 :4- 

(/ in itrofoliicncs, d i n ifrotol uc n cs. 


Fcrecntafje of 3 : i-ddnilrotohunc. 

Tile nitralion of m-nitrotolueye gives 3:4-, 2:3-, and 2:7)- 
dinilruloluenes. The l)irnry fusion oiirvcs for these substances 
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(Fig* 3) drawn from the data in Tables VII, VUI, and IX and 
Uf^rd in the examination of the nitration of w-nitro toluene. 


Table VTI. 


} ; 3- and 3 : 4-l)initrotoluenes, 


3 ; l-Diiiitro- 

Cr5^stal- 


tuhif’AC 

lisation 


per cent. 

point. 

Eutectic. 

20 

45-75° 


4() 

30-05 


45 

20-9 

22-5 

50-5 

22-5 

22-5 

55 

20-5 

22-5 

60 

29-5 


SO 

40-5 



Table VIII. 


3 : 4' and 2 ; d-DinitrotoIuenes. 


: 5-Djniti'o- 

C'rysfal- 

tolneno 

lisiitiou 

per ecJit. 

point. Eutectic- 

0 

58-4‘' 

20 

-15-95 

40 

31-9 

60 

22-85 20-75 

80 

37-15 

100 

50-1 



Tcrmru scitUvj-pviiU diwjrain, Zluian s vj l> ; :L, ;) ; -1-, aiul :j ; {j-dinilrul-jlHcin.^. 


Tablt: 1\. 

2:3- and 2 : d-lhnitrolulucnes. 

■- : o-t)iiutru(o[ucno 

iJcrccut. Cn sluliiiiadon Jliuectit'. 

0 

4o'S5 

40 30' 4 1 !)■(>;) 

OO 26' 1 19-85 

80 38-45 

100 oO-l 

Ilie ternary diagram fur these three isomerides was also pre- 
Jiared (Fig. 4) 
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Examivution of Dinitrotoluene . — The nitration of each of the 
isomeric rnononitrotoluenes, and of the mononitration product of 
toluene obtained under the conditions described in Table to 
dinitrotoluene was carried out as follows : — 

Fifty grams of mononitrololuene were nitrated wth 240 grams 
of a mixed acid of composition : sulphuric acid 77, nitric acid 1T3, 
and water 11 '7 per cent. 

The mononitrotolucne was added at 40- —45 , and the temperaturo 
was finally raised to 70'" and maintained for thirty minutes . The acid 
was then diluted with 40 c.c. of water, and the product separated, 
washed, and dried. The yield was about 91 per cent, ihe results 
obtained were as follows i rotoluciic gave 2 . 4-dinitiotoluciic 
only, crystallisation point 69-7“; o-nitrotoluene gave a mixture 
of 2:4- and 2 : (i-dinitrotoluenes, crystallisation point 50^ (refer- 
ence to the curve in Fig. 3 gives fiOt) parts of 2 : 4- and 33-3 pads 
of 2 ; O-diiiitrotoluene from o-nitrotolucne) ; and •m-nitrotoluene 
gave a mixlurc of 3 : 4-, 2:3-, and 2 ; o-dinitrotoluenes of crystal- 
lisation point 22-8°. The last mixture was not extensively studied, 
but the single sample prepared corresponded in crystalli.satiori 
point with a mixture of 55, 25, and 20 per cent, of 3:4-, 2:3-, 
and 2 : 5-dinit rotoluenes respectively. 

The crude rnononitrotoluenes on nitration gave a crystalli.sation 
point varying from 55' 6° to 56 '7'". 

A moderate-scale nitration of monoiiilrotoluene manufactured 
at a Government factory gave a dinitT-otohicnc of crystallisation 
point 56'’. This, on the curve in Fig. 3, corresponds with 74*8 per 
cent, of 2 : 4-dinitrotoluene. The composition of commercial 
dinitrotoluene may therefore be taken as 2 : 4- dinitrotoluene 74'8 
per cent,, 2 : 6-dinitrotoluene 20-7 per cent., 3 ; 4- dinitrotoluene 
2*5 per cent., 2 : 3-dinitrotoluene M })er cent., and 2 : d-dinitro- 
toluene 0*0 per cent. 


Triniiraiion. 

Examination of Tyinitwloluraic. -Thv nitration of each of the 
isomeric rnononitrotoluenes was carried as out follows : 100 grams 
of mononitrotc)luc]U‘ were nitralid with 1000 grams of acid of the 
composition; sulphuric acid 7S, nitric acid 17*5, and water F-i 
per cent. 

Tile nitrations canir’d out with gradual rise of iemperatuiv 
from 50" to I2(r during li\ c liours. The nitration product was pre- 
cipitated with an exce.ss of water, washed, and dried. o-Nitrotoluene 
gave 156 gicanis of 2:4; 6- trinitrotoluene of crystallisation point 
79*8’^, p-nitrotoiuene gave 158 gra.ms, of crystallisation point 80'- , 
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and w-nitrotoluene gave 144 grams of a mixture of trinitrotoluenes, 

of crystallisation point 73’8'’. 

Analysis of Crude Trinitrotoluene. — I'l^oni the results obtained 
above, it is clear that crude trinitrotoluene may be regarded as 
composed of three essential components : 

(j ) Pure 2:4: 6 -trinitrotoluene. 

p>) The mixture of trinitrotoluenes derived from m-nitrotoluene, 

and ^ 

(3) Crude dinitrotolucne, of crystallisation point close to 56 , the 
presence of which is due to incomplete nitration under manufacturing 
conditions. 

Fm. 5. 

Change of crystallisation point m course 
of nitration of dinitrotolucne. 



The binary fusion curves for these three materials and the ternary 
fusion diagram were therefore mapped and from the ternary diagram 
all the desired information about any particular sample of crude 
trinitrotoluene could be obtained after its crystallisation point had 
been determined. 

Informition derived from the Ternanj Diagram for Crude fri- 
nitrotoluene . — The course of nitration as shown by the change 
ill crystallisation point and the degree of completeness oi nitration 
reached at any stage of the trinitration are given by Pig. 5, taken 
from the ternary Vagram. If the crystallisation point or setting 
point is taken wet, the temperature is lower. 
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Table X gives the composition of crude trinitrotoluene corre- 
sponding with varying crystallisation points. 


Table X. 

Percentage composition. 


Crystallisation 

point. 

77 

76 

7o 

74 


2:4: 6-Trinitro- 
tolncno. 
i)o-2 
93-7 
92-4 
90'S 
SO' 2 


Other isoraeridcs. 

4-0 

3-9 

3-8 

3'S 

3-7 


Dinltrotoluenc. 

0-8 

2- 4 

3- 8 
5-4 
7'1 


Tabic XI gives the composition at various temperatures of the 
liquid phase in crude trinitrotoluene of crystalhsation point 7(i\ 
This is obtained by following the course of crystallisation of mixtures 
of this composition on the ternary diagram, the prod lie lion of the 
line joining the points representing 2:1: C-triniirotoluene and 
the composition in question, and reading off the composition at the 
isothermal lines. 

Table XI. 


Original coiiifiositlon 

2:4: G-Tri- 
nitL'ololueiie. 

92-4 

Other 

isoraerides. 

3'8 

Dinitro’ 

toluenes. 

3-8 

Composition of liquid pliasc at (iO 

67-6 

i6'2 

1()'2 

50- 

37 '6 

21-2 

21 '2 

40" 

50'S 

24-G 

24-6 


45 '0 

27-5 

27-5 


The percentage of oil in crude trinitrotoluene of setting poiiii 
TG"" at various temperatures can be calculated from Table XL 
Table XII gives the results obtained. 


Table XIT. 


Temp, 

Oil content. 

60’ 

23-1 

50 

17-9 

40 

15-5 

30 

13'8 


The loss on purification by sucli processes as centrifuging, washing 
with cold alcohol, or the sulphite process depends on the composition 
of the crude trinitrotoluene. 

The last process removes only the isomeric trinitrotoluenes, 
raising the crystallisation point by 2*4°; the crystallisation point 
of the original crude material must therefore be high for this process 
to give purified material of a crystdliisatioa point of 80“. 
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furOier Investigation of the Trinitrotohenes formed by Nitration. 

previous Work. — Molinari and Gina [Rendiconii del Eeak Insti- 
Ude de Scienza e Letiere, 1913, 46, fasc. II) investigated the by- 
jirocUicis of trinitrotoluene manufacture and obtained by distillation 
ill a vacuum a product melting at 79 ‘5® which they considered to 
be 2 : 3 < '"i- or 2 : 3 : G-trinitrotoluene. Will {Ber., 1914, 47, 704) 
states positively that as the result of exhaustive investigation and 
extensive modification of the conditions of nitration, nothing but 


Fin. r». 
4 



TtTnory fusion diaQvaM for a-, (8-, and y-trinitroiolKe-nfs. 

Eafl — cttkctic of a- and ^-tThiitrotoIucncsi, 

Y.Qy = cxdcctic of 8' and y-triniiroioluenes 73'.V. 

Efl7 “ cKfcctic of a- and y-irinilrotolupncs. 

~ ternary eutectic 44'4:'". Composition a 4Ii'5 , 8 20‘0 %, 7 3G'5 %, 

('87 = compound 87. Setting poini 74-5^ 

the tiiree wcll-kno™ isomeric trinitrotoluenes ere formed by the 
nitration of toluene, that is, 1! : 4 : G-. 2:3: 4-, and 3:4: G-trinitro- 
toluenes. 

Reference Curves. — As a first step, tlie binary fusion curves for 
the three isomeric trinitrotoluenes, 2 : 4 ; 6-, 2 ; 3 : 4-, and 3:4:6-, 
were mapped and the ternary fusion diagram for the three isomerides 
was produced. 

The results are shown in Table XTII and Tig. 6. 
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Table XIII. 



Trinitrotoluene. 



2:4 :6- (a-). 

2:3:4- {&■). 

3:4: 6^ [y]. 

Crystallisation po: 

100 



80- S'’ 

80 

20 


74-2 

59 

41 


67-3 eutectic. 

40 

60 


82-0 

20 

80 


96-8 


100 


109-5 

80 


20 

69 

70 


30 

59 eutectic. 

60 


40 

59-5 

52 


48 

60 eutectic. 

40 


60 

72-8 

2(J 


80 

94-2 



100 

lOi-5 


SO 

20 

96-2 


60 

40 

82-7 


47-,7 

52-5 

73’5 eutectic. 


40 

60 

74-3 


37 

63 

73-5 eutectic. 


20 

80 

.78-5 


The ternary fusion diagram nas completed from data furnished 
by mixtures of all three isomerides. The ternary eutectic was 
found to have a crystallisation point of and the composition 
43-5 per cent, of 2:4: 20 per cent, of 2 : 3 ; 4-, and 36'5 per cent, 

of 3:4; 6 -trinitrotoluene. 

The product of trinitratiou of m-nitrotolueiie had a crystallisation 
point of TITS'’, and on addition to 2:4: B-trinitro toluene gave a 
fusion curve ^vith a minimum at 38'4'’ corresponding with the 
composition 44-5 per cent, of 2:4; 6 -trinitrotoluene. As this 
minimum was (T lower than the ternary eutectic for 2:4:6- 
2:3:4-, and 3:4: 6-trinitrotoluenes, it was taken as an indication 
of the presence of another isomeride in the product of nitration of 
w-nitrotoluene. 

Before further quantitative work could be done, it was necessary 
to investigate the ])rcparatinn and properties of the rarer dinitro- 
toluenes and the trinitrotoluenes derivable from them. This w'ork 
was undertaken by Brady, Brew, and others (T., 1920, 117, 876, 
1137). Ultimately Drew succeeded in isolating 2:3: 6-trimtro- 
toluene as a product of the nitration of 2 : 3-dinitrotoluene and 
2 : 5-dinitrotolucne, 

A comparison of the thermal analysis of the products of nitration 
with the fusion curves of 2 : 3 : 4- and 2:3: 6-trinitrotoluenes and 
2:3:6- and 3:4: 6-trinitrotoluenes indicated that 2 : 3-dinitro- 
toluene gave 16 per cent, of 2 : 3*. 6-trinitrotoluene, and 2 : 5-di- 
nitrotoluene 13 per cent. Brady (private communication) has 



ISOMERIC CTTRACONYL HYDRAZIDES. 


283 


found tliat the nitration of 3 : 4-dinitrotoluone yields 83 i)ai-ts of 
3 . 4 : 6* and 17 parts of 2 : 3 : 4-trinitrotoluenc in the product. 

From the above results the proportions of the isomeric trinitro- 
toluenes obtained on nitration of m-nitrotoluene are derivable from 
the composition of the product of dinitration of ??i-nitrotolucne. 

Trljiltrololuene. 



3 : 4 ; (1- 2:3: 

Thus 55 parts of 3 ; 4-diiiitrotoluenc give 
" -j-j 2 -3- 

;; 20 „ .. 2 : 5- 

45-7 9-3 

21 

17-4 


pHicP ??f-nitrotoluone ^ives 30-3 0‘f) 

Tlie crystallisation point of a mixture of this composition agrees 
^vell with that of the direct nitration ])i’oduct of ?«-nitrotoluene, 
7:18^ 

Under usual conditions of nitration, the nitro-derivatives obtained 
at each stage from toluene may therefore be summarised as follows ; 


ononit roto liionos. 

ortho- 02 per cent, 
para- 33-5 ,, ,, 

nieta- 4-5 ,. ,, 


Dinitrotolueries. 

2 : 4- 74-8 per cent. 

2 : ti- 20-7 „ „ 

3 : 4- 2-5 „ 

2:3- 11 „ „ 

2:5- 0 9 „ 


Trinitrotoluenes. 

2 r 4 ; 0- 95-5 per cent. 

3:4:0- 2-9 „ 

2:3:4- 1-3 „ .. 

2:3; 0- 0-3 .. 


Our thanks are due to the Director of Artillery, War Office, for 
permission to publish this account. 

Ee.SEAHCH DEPARTlVtENT, 

Royal Arsenal, Woolwich. [Received, January \lth, 1922.] 


XXXV.— /^'ornenc Citraconyl Hydrazides. 

By Frederick Daxikl Chattaway and Derk^ Witj.tam 
Parkes. 

The citraconyl hydrazides have been little studied though various 
members of the series lia\ e been ])reparcd by Michael {Amer. Chtm. 
J., 1887, 9, 180), Fichter and Fiicg [J. pr. Chem., 1900, fii], 74, 
297), Chattaway and Hodgson (X., 1910, 106, 380), and Ciiattaway 
and Ellington (T., 1910, 109, 590). 

ihe existence of two series of phtlialyl Invlrazides made it appear 
probable that isomeric citratsonyl hydrazidc.s, containing a hve- 
and a six-atom ring rcsjieetively, would be produced by the inter- 
action of citraconic anhydride with any aromatic hydrazine. 
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This has now been established and two series of citraconyl hydr- 
azides have been obtained, which, as in the case of the phthaly] 
hydrazides, may be termed the a- and the [3-scrics, the fonner 
designation being used for the y-ellow, the latter for the colourless, 
isomerides, for example : 

ft-Citraconyl-p-bromoplionyl- 
hydrazide (yellow). 


CHyC-CO. 

HC-CO- 


>X-NH< 


(9 • C i I raeoii yl-p • I ) ro nio- 
phonylliydi'iizido 
(colourless). 


HC-CO-Nll 


or 



(11.) 


When ail ethereal soludon of eitraconic acid is allowed to act 
on an aroinatic hydrazine, a colourless salt is first produced. This, 
however, passe.s readily into the liydi-azide of citraeonic acid and 
this into one of possible citraconyl hydra/.ides, water lieing eliminated 
at each stage. 

Two conligiirations are ]J 0 ssible for the salts, for the eitraconic 
acid hydrazides, and for the ji-citraeonyl liydrazides : which is to 
bo assigned to the compounds actually obtained cannot at present 
be decided; tlu^y, however, appear to be chemical individuals and 
not mixtures of tlio two possible isomerides. 

In the ease of p-chlorojdienyl hydrazine, the reactions may he 
represented thus : 

CIIyCdPt-OH 

Hc-{d)-on 


CHyC-CO-0*MHyNH‘C,H/'l ('H3‘C'CO-OII 


HO-CO-OH 


CHyC-COXH'XII-CeHiCl 

HC/CO*OH 


HC-CO-O-NH^-NH'CgHp 

I 

CH,*C-CO'OH 


i 


(V.) 


CH^-C'COp-H . CHj'pCO'N’CoHiCl 

HC-CO-^'-C'sH/;' HC'CO'NH 


(VI.) 
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If cilraconic anliydridc is used instead of llio acid, the liydrazide 
of citraconic acid is at once formed and yields the citraconyl 
hydrazides as above. 

‘Xhe [3-citraconyl hydrazides all dissoh'o in dilute alkali and are 
reprecipitated unchanged on acidifying. They all reduce a warm 
ammoniacal solution of silver nitrate containing sodium hydroxide. 


E X r E R I M E B T A L. 

^.CUorophmulliydmzine Ciimeonate (Formula IIJ).— When a 
cooled ethereal solution of citraconic acid (I mol.) is added to a 
similarly cooled solution of ^j-chlorophcnylhydrazine (1 mol.}, a pale 
yellow liquid is produced, from wliich 'p-cJdorophenyUiffd/'Uzinf', 
ciiraconaU separates as a ci’y.stallin(\ almost colourless solid. It 
can be rccrystallised from warm ether and from warm alcohol, in 
both of which it is moderately cmsily sohilde, although heating 
must he avoided, as it very easily loses water. 

It separates from ether or alcoliol in almost colourless, eompaet 
prisms which, when rapidly heated, melt at 1 19 " with loss of water 
(toiiiid . Cl ~ 12-96. rcf[i]ires Cl --- 13-01 percent.). 

The salt dissolves in water, yielding a ])ale yidlow .solution with 
an acid reaction to litmus. It is instantly decomposed by aqueous 
caustic alkali, p-chlorophcnylhydraziiio being liberated. On boiling 
its aqueous solution, the salt loses water, eitraeonie aeid 7>cliIoro- 
phenylhydrazide se]mrating in yellow, oily drops. 

Cilracomc Acid p-Clilorophenylhijdrazidc (loniniila IV).— This 
compound may he piYjmrcd by heating an aqueous .solution of 
p-chlorophcnylliydrazine eitraconate, hut is best made by mixing 
ethereal .solutions of equivalent <|uaiitities of citract)nic anhydride 
and p-chloropiienylliydrazino. A vigorous reaction takes place 
with the evolution of considerable heat. On cooling, an orange- 
yellow solid scparate.s. consisting of a mixture of citraconic acid 
ieehlorophenyliiydrazidc with a small quantity of tlie a. and 
^;-(;itraconyl iiydrazides. 

On iTeating the mixture \vith cold alcohol the citraconic acid 
hydrazide and the a-citraconyl hydrazide in great measure dissolve 
whU.st the bulk of the small quantity of tlie ,8.eitraeonyl hydrazide 
formed remains as a sparingly soluble residue. 

To prepare the citraconic acid p’Chloru’phcnylhydrazidc, such an 
alcoholic solution i.s diluted with water, the solid wliieh .separates 
dissolved in dilute alkali, and tlic citraconic aeid hydrazide precipi- 
tated by cautious addition of hydrochloric acid. 

It IS easily sohblo in cliloroforni, but sparingly soluble in light 
petroleum, and is best obtained crystalline by dissolving in cldo'ro- 
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form and adding warm light petroleum. It then separates in 
orange-coloured, crystalline nodules. 

It melts u hen rapidly heated at 142— 143"^ with loss of water 
and formation of a mixture of the a- and f:i-citraconyl-p.chloro- 
phenylhydrazides (Found : 01 — 13-59. CiiHj^OgNgCl requires 
Cl — 13-93 per cent.). 

aL-Citracomjl-^-cklorophenyUijfdrazide (Formula V). — When citra- 
conic acid p-chlorophc!iylhydrazidf3 is heated with alcohol, it slowlv 
loses water and becomes converted into a mixture of the x- and 
p-citraconyl-p-chlorophenylhydrazides. The dehydration is best 
effected by heating the acid fur a short time at a few degrees above 
its melting point until water vapour ceases to be disengaged. A 
resin-like mass is left on cooling ; from this, after powdering, a-eitra- 
conyl-p-chlorophcnylhydrazide, whidi is produced in by far the 
larger amount, can be cxlracted by alcoliol. 

a-Cb7ra€0/j//l-p-rA?o?-op/K02////??/dra;:/f/c separates from hot alcohol, 
in which it is easily solul)lc, in compact, bright yellow, rhoinbie 
octahedra which melt at 140-5''^ (Found : Cl = 14*89. Ci^H^OoX.T'l 
requires Cl -- 14*99 per cent.). 

^-Citracom/l-^-cklowphenylJujdrazick (Formula VT). — This com- 
pound, which is formed in comparatively small amount M'heu 
citraconic acid ])-clilorophenylliydrazide is heated, may easilj^ be 
obtained from the residue left after extracting the a-isomeride with 
alcohol. It is best to recrystallisc it several times from glacial 
acetic acid, then to dissolve it ii\ dilute alkali, in which it dissolves 
fairly easily and from which it is reprccipitated unchanged on 
addition of hydrochloric acid, and tin ally again to reerystallise it 
from glacial acetic acid. 

It dissolves moderately easily in boiling glacial acetic acid, and 
separates in colourless leafl(ds wbicli begin to melt with decom- 
position at about 29“)“. Like all the other fi-citraconyl hydrazides, 
it reduces a warm ammouiaeal solution of siL er nitrate containing 
caustic alkali (Found: Cl == 14-99, C^^FlgO^NXl requires Cl = 
14-99 per cent,). 


The p-hromo-coiiipouiids may all he ]nTpared in a similar way 
to the corresponding chloro -derivatives. 

Citraconic acid P'ttroniophcnijUufdrazuk, 


CH 3 *C*CO-Xlf*XH(^ )Br 
IlC-COOH 


or 


(llyOCO'OH 

HC-CO-XH-.NH= 


:Br, 


crystallises from a mixture of cliloroform and light petroleum in 
orange-yellow ni.)dvdes. It melts at 130^ with loss of water (Found ; 
Br = 26*18, CijHjiOjjXoBr reqaire,s Br — 20*72 per cent.). 
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^XHtroconylp-hromo'phenylhydrazida (Formula I) crystallises from 
jilcohol, ill which it is readily soluble, in brilliant yellow, rhombic 
octahedra melting at 129“ (Found : Br -= 28-47. C^HgOoN^Br 
requb'es Br - 28-44 per cent.). 

(Formula II) crystallises 
from boiling glacial acetic acid, in which it is moderately readily 
soluble, in thin, colourless plates, which melt with decomposition 
at 290° (Found ; Br ^ 28-56. C„ Hg02N2Br requires Br ^ 28-44 
per cent.). 


The reaction between cilraconic anhydride and 2 : 4-dichloro- 
plienylhydrazine folio w^s a similar course, but the elimination of 
water takes place more readily and the p-isomeride is produced in 
relatively smaller amount. 
oi-Cifraconyl -2 : ^-dirUoropkeyiylhydrazide, 


CH,-C-CO^ / 

HC-CO \ 


Cl 


)CI, 


(.rystallises from hot alcohol, in which it is readily soluble, in 
bright yellow prisms W'hicli melt at 126° (Found : Cl 26-03. 
C^HgO^NgClg requires Cl 26-17 per cent.). 

U}itraconyl-2 : 4:-dickloroph€nylhydrazide, 


Cl_ 

Cll 3 'C-CO-N(^ 'hci or 

HC-CO'NH'^^ 


CHoC'OO-NH™ 

II I A Cl 

IIC-CO-x/ 


ttyslalUses from hot glacial acetic acid in small, colourless crystals 
which do not melt below' 320“, but at a higher temperature blacken 
and decompose (Found : Cl 26-15, CjiIIgO^N.X’lo requires 
Cl = 26-17 per cent.). 

%-Citraconyl-'2 : i^ibromopliemjlhjdrazuh crystallises from hot 
alcohol, ill w'hich it is moderately easily soluble, in pale yellow, 
liair-like needles which melt at 145—146° (Found: BrJ” 44-21. 
requires Br 44-41 per cent.). 

The |i-compoLind, if produced, is formed in such small amount 
that up to the present it has not lieen isolated. 

Citraconic acid o4olylhydrazide crystallises from hot acetone, in 
'tvhich it is readily soluble, in compact, yellow, rhombic plates 
which melt at 132^^ with elfervesccnce and liberation of water 
vapour. It is very easily soluble in ether, alcohol, or glacial acetic 
acid, and sparingly soluble in benzene, carbon disulphide, or 
light petroleum (Found : C ^ 61-71 ; H -= 6-21 ; X = 11-81. 

requires C - 61-50 ;'H = G-03; N 11-97 per cent.). 

io prepare the a- and (3-citTaconyl-o-tolylhydrazidcs, citraconic 
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acid o-tolylhydrazide is best heated at 135° until water vapour is 
no longer given off. On dissolving the melt in a small quantity 
of boiling alcohol, the a-isomeride first separates on cooling; on 
allowing the mothcr-liqnor to stand, the p-isomeride, which is 
formed in relatively much smaller amount, is slowly deposited. 

(i-Gilraconyl-o4olylhydrazide separates from boiling alcohol, in 
which it is very soluble, in small, thin, yellow plates which melt at 
135° (Found : N 12-93. ^ = 12-96 per cent.). 

^-Ciiraconyl-o-foiylhydrazidc. crystallises from boiling alcohol, in 
which it is only sparingly soluble, in stout, colourless prisms which 
melt at 252 -253" (Found: N = 13-01. CiaHiaOoN^ requires 
N -- 12-96 per cent.). 

^-(Jifraconyl-])Mylhjfhazidf. -The corresponding a-citraconyl- 
p-tolyihydrazide, m. p. 169°, wus prepared by Fichter and Fijeg 
{loc. cit.) from p-tolylliydrazine and an aqueous solution of citraconip 
acid. The [i-isomcridc is most easily obtained by mixing some- 
what dilute ethereal solutions of equivalent quantities of p-tolyl- 
hydrazine and citraconic anhydride. The mixture becomes wam 
and on standing for some days at the ordinary temperature p-ci/rrj. 
miyl-p-tolyUiydrazidc separates. It crystaihses from hot alcohol 
in w^hich it is sparingly soluble, in brilliant, colourless prisms 
which melt at 259° (Found : C ^ 66-67 ; H = 5-67 ; N = 12-89. 

requires G = 66-63 ; H = 5-60 ; N = 12-96 per cent.). 

if the dilute ethereal mother-liquor after removal of the 
P'isomeride is allowed spontaneously to evaporate, citraconic acid 
^-tolylhydrazide .separates in yellow nodules. These on heating 
give off water and yield the a-citraeonyl-p-tolylhydrazide, m, p. 
169°, described by Fichter anrl Fueg, together with a further 
quantity of iho fj-isomeride. 

All the K-citra(’onyl hydra/.idcs give a peculiar colour reaclion. 
When to ajiy one of these compounds dissolved in alcohol a few 
drops of aqm^ous caustic alkali are added, a deep crimson colour \> 
produced. Gentle warming causes this colour to become much 
fainter and almost to disappear. It similarly almost disappears on 
standing or on adding excess of alkali. The citraconic acid hydr- 
azides do not give the reaction, whilst such of the citraconanils as 
have been examined do. 

It may be recalled that isatin under like conditions gives a similar 
reaction. 

This investigation is part of the work carried out by one of us 
(i). W. r.), while bolding a Salters’ Fellowship. 

The Queen’s (Jullece, 

OxFOim. [Received^ January lOth, 1022.| 



pjjODtrCTS OF THE REDUCTION OF 2-HYDROXYANTHRAQUINONE. 289 


XXXYLSome Prodmts of the Reduction of 
2-Hydroxijantliraqumo7ie. 

By Arthur Ceorge Perktn and Thomas William Whattam. 

Accordln'G to Liebormann and 8imon {Antiakn, 1882, 212, 28) 
S-bydroxyanthranol (3 -hydroxyanthranol) 



I 

H 


is obtained wlicii 2-hydroxyanthraquinone dissolved in ammonia 
is digested oii the steam -bath with zinc dust, avoiding access of air, 
until an almost colourless liquid which docs not quickly redden 
on exposure to air is produced. Prom the decanted liquid, by 
neutralisation, 3-hydroxyanthranol separates. Employing this 
process, however, with the apparatus described below, the yield 
uf Sdiydroxyanthranol was found to vary consideral>Iy, and the 
eaiise of this defect was accordingly studied. As a result, it was 
found that the longer the digestion the smaller is the amount of the 
aiilliranol obtained, and that other compounds insoluble in tlie 
aiiiaioniacal hquid are gradually produced. After numerous 
experiments, the following method for the separation of these by- 
pruducts was found to give the best I’csults. 


E X P E K I E N T A L. 

A solution of 100 grams of crude 2-hydroxyanthraquitioue (from 
commercial 2-aminoanthraquinone *) in 800 grams of mumonia 
{d 0 SSOJ and oOO c.c. of water, contained in an Erlenmeyer tiask 
fitted with a cork provided with a short glass tube constricted at 
one end so as to avoid free access of air, was heated on the water- 

tor ttie preparalioii of aOiydroxyantlii’aquinono in this manner, oo-tl 
of 2-ammoanthraquinono dis.solvod in oOO grams of sulphuric acid 
are treated at 0" wiUi 21 grams uf sodium nitrite during a quarter of an hour, 
witi vigorous stirring. The mixture is now stirred at the ordinary teni- 
peraturo for Oireo and u ]ialf hours and (imn poinvd on to ico, and the 
product IS raised to tlio boiling point and boiled for lialf nil hour. J’he 
pirapitaled 2-hydroxyatitlii'uquinoiio thus obtairietl ai-orages 'JP-o per cent, 
ot tJiu tliuoretical aiiiuuiit. 
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bath. Two hundred grams of well reactive zinc dust were added a 
little at a time and the mixture was heated for two hours, 50 e.c, 
of dilute ammonia being added every quarter of an hour. (Jq 
digestion for two hours longer, tlie zinc residue caked together and 
became interspersed with yellow, crystalline matter. The liquid] 
was now decanted into dilute hydrochloric acid, giving a grey 
precipitate (^),' and the zinc residue was washed with water, ground 
into a paste, and treated wnth 15 per cent, hydrochloric acid, first 
in the cold over-night and subsecpientl}’’ on the steam-bath until 
nothing more dissolved. The brown residue was collected, dried 
on tile, extracted repeatedly with absolute alcohol, and the extract 
concentrated to about 120 c.c. Addition of benzene, a Httlc at a 
time, caused the gradual separation of crystals, which increased oa 
long keeping. These w'erc collected, washed with a mixture of 
benzene and alcohol, and dried [B], 

The alcohol-benzene mother-liquor, on concentration to one-halt 
its volume, gave a further deposit (C), consisting of a substance 
distinct from {B). ¥rom the final (lltratc, by evaporation, much 
tarry residue was obtained, from which, by treatment with acetone, 
a further amount, of (0) separated. Finally, from the acetone 
washings some 3-hydroxyanthranol could bo isolated. 

For purification, {B) was stirred with a small amount of acetone 
and filtered to remove a trace of the compound (0), w^hich is very 
sparingly soluble in this solvent. The clear liquid was treated at 
the boiling point with benzene, and the crystals deposited were 
again treated in a similar manner. The product was finally crystal- 
lised from a minimum of pure acetone and washed with a mixture 
of benzene and alcohol (Found : C — S6'69; H = 5“ 13. 
requires C 87-04 ; H = 4-66 per cent.). 

This substance consisted of colon r'les.s, prismatic needles which, 
when heated, became brown at about 270® and melted at 278—281'. 
When exposed to light, it rapidly develops a reddish-brown tint, 
and on this account it is preferable during the purification to procecil 
as rapidly as possible and to avoid unnecessary exposure of it.' 
solutions, for should this brown impurity be allowed to form, it 
is difficult to remove without a considerable loss of material. The 
substance is solubh' in dilute alkalis with a pale yello'.\ 

colour, whicii, on exposure te ail', very slowly becomes redder, 
whereas its solution in sulphuric acid is orange-brown and yickh 
a yellf) wish-green precipitate on dilution. 

On boiling with acetic anhydrid(‘ and a trace of pyridine, a clear 
solution is quickly obtained, but as the digestion proceeds prismatic 
needles oi the acetyl compound separate. They are purified hy 
recrystallisation from a large voknn^ of acetic anhydride [Found: 
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0 = 81*67; H = 5*04. C28Hig02(C2H30)2 rei^uires C = 81*70; 
H = 4*68 per cent.]. 

This diacetyl derivative consists of long, prismatic needles which 
melt at about 303—304°, are sparingly soluble in acetic anhydride 
to form a blue fluorescent solution, arid dissolve in sulphuric acid 
with an orange-brown coloration. Owing to its insoluble nature, 
it is difficult to hydrolyse in the usual way, even with fuming hydro- 
chloric acid in the presence of acetic acid, and the acelyl derivative 
is therefore net useful for the purification of the original compound. 
The estimation of the acetyl groufjs was carried out by the acetic 
ester method, long digestion being ncce.Hsary [Found : acetic 
acid -= 25-47. 02814^^02(0.1130)2 requires acetic acid ^ 25.53 per 
cent.]. 

The d.ibenzoyl derivative was prepared by employing five parts of 
benzoic anhydride and healing at 180^ for one and a half hours. 
On poni'iiig the melt into alcohol, a colourlcs.s precipitate separated, 
which was rccrystalhscd from a mixture of benzene and alcohol. 
It consisted of needles which melted at 162—103°, and the solutions 
in benzene and alcohol possessed a blue fluorescence [Found : 

84'47 ; H ~ 4*74, requires C 84*84 ; 

H — 4*55 per cent.]. 

When a solution of the substance C 28 II 18 O 2 (p. 290) dissolved in 
methyl alcoliol is treated with methyl-alcoholic potash and methyl 
sulphate, methylation readily ocemrs and the methyl ether separates 
from the liquid as the reaction pi'occcds. It is purified by crystal- 
lisation either from acetone or from a juixturc of benzene and 
alcohol [Found : 0- 86*68; H -- 5-45. 028Hig(0-CH3), requires 
C — 86*95; H •-= 5*31 per cent.]. 

This dimethyl derivative crystallised in small needles melting 
at 284°, which were difficult to obtain in a completely colourless 
condition. Its solutions in acetone and benzene possess a fine 
™let. fluorescence. When digesU'd with liydriodic acid, it is but 
little attacked, and evtm in the prc'sencc of acetic anhydride the 
methyl groups could not be estimated in the usual way. At first 
sight it thus a])jjeared that these could not be present as metliox}*! 
and were ju'obably attaclual to wo.su-carbon atoms, but this can 
^carcply be the ease, for the retisons gi\'('n ])elo\\ , and the resistance 
to demethylation nuist be tine to the almost eompletc in.solubility 
of tbe^ compound in tin* liydriodic acid. A molecular-weight 
determination gave the following result : 0-437 in 1M21 grams of 
naphthalene depressed the freezing point by (t-722°. J/ — 375-G. 
Theory for reipiiivs J/ -- 4U). 

In order to determine, if possible, the po^ition of the methyl 
the methyl ether (1 grjjm) suspended in acetic acid was 
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treated at the boiling point with a solution of chromic acid (1 gram) 
in 2 c.c, of 50 per cent, acetic acid. Oxidation readily occurred, and 
after five minutes the addition of hot water caused the gradual 
separation of crystals. These, after recrystallisation from alcohol, 
consisted of pale yellow needles melting at 192—193'’ (Tound : 
0 = 75*77 ; 11 - 4*13. requires C = 75*63 ; H = 4'20 

per cent.). 

This compound has tlie. properties of 2-methoxyantliraquinoiie, 
and its identity with this substance was confirmed by means of a 
mixed melting-point determination. The substance 
readily reacts in alkaline solution with benzenediazonium chloride, 
yielding a borcleaux-coloureci precipitate. This was collected and 
crystallised from a mixture of benzene and alcohol; it dissolved 
in sulphuric acid with a green coloration [Found : N — O'OT 
re(iuires .\ - 9*43 per cent.]. 

This derivative, which was not minutely examined, melts at about 
250“ and is very similar in general properties, although somewhat 
bluer in colour, to tlie corresponding dye yielded by 2-aiithrol itself. 

When diazotised sulphaiiilic acirl was employed, the eolouriit^ 
matter obtained dyed woollen cloth from an acid bath a bordeaux- 
coloured shade, possessing again a tint which is bluer than that 
given by tlic corresponding 2-ant hrol derivative. These re.siilts 
leave little doubt that the compound CoglTisOo is 2 : ^'-dihydroxij- 
diantknjl, 



2 : 2'-r)ihydroxydiantht'yl resembles 2-anthrul in that, like the 
latter, it caii bo readily methylated by means of methyl alcohol 
in presence of sulpliuric or loedroeliloric acid. Tims addition of 
a little sulphuric acid to ilie gently boiling solution in methyl 
alcohol caused the gradual s(.‘paiatioi.i of a pale yellow, ciystallhir 
powder, and this, wboii the (figestioii had [)n)cecded for half an hour, 
was collected, washed with dilute ak'ohol, and crystallised from 
acetone. The compound melted at 280^ and proved to be identical 
with the dimcthoxydianthryl desciibed above. 

Fraction C.— This product *^\as purided by washing with cold 
acetone, in which it is very spaibigly solublt; (distinction from iT 
and subsequent crystal iisallun frbm alcohol (Found ; 0 — 80‘a!), 
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S0‘2S; H = 4‘50; 4’65. requiros C 80*33; H ^ 4*33 

perceiit.). 

In boiling acetone it dissolves to the extent of only 1 part in 
<100 parts, and separates on cooling mainly with acetone of crystal- 
lisation, which cannot be removed by healing at 100® {Found: 
0 =- 78-04, 77-72; H - Trio, 4-09. requires 

(; := TS’lo ; H — 5*04 per cent.). 

Preparations crystallised iii this manner, when digested with 
alkali and iodine, gave a distinct odour of iodoform, and a .sample, 
on drying at 1(>0°, lost 10-84 per cent, of acetone, the al>ove formula 
requiring acetone ~ 12-IS per cent. 

Ihe substance C 2 gHj^O^ is depo.sitod from alcohol as small, 
colourless, prismatic needles, -which melt somewhat indefinitely at 
about 300® and possess the characteristic property of becoming 
green shortly before fusion occurs. It is moderately soluble in 
boiling alcohol to give a non-fluorescent solution, and yield.?, with 
sodium hydroxide, a clear yello-w liquid which, on exposure to air, 
slowly develops a red tint. Sulphuric acid di.ssolves it with a yellow 
coloration. It does not couple with benzenediazonium chloride in 
the ordinary manner. Heatf'd with hydriodie acid (d 1*7) at the 
boiling point during half an hour, the compound yielded 

3-hydroxyanthrannl, which was r(a;‘ogaisecl by means of its acetyl 
derivative melting at 154 — 155®, 

According to the method employed, two disi irict acetvl compounds 
can he prepared from tlie substance After it had been 

digested with boiling acetic anhydride for two hours, the addition of 
alcohol to the cooled solution caused the sopnratioii of pale yeUow 
crystals. For purification, these were dissolved iii a minimum of 
boiling acetic anhydride, and the solution wa.s treated with animal 
charcoal, filtered, and alcohol added to the filtrale. Colourless, 
prismatic needles .separated, wliieh melted at ] 90— 191® and were 
.soluble in .sulphuric acid with a yellow coloration [Found: 
b -- <6-0 1 : H = 4-52. reephres C -- 76-49; 

H 4-38 per cent.]. 

An acetyl determination by Ihe acetic ester method gave acetic 
acifl ^ 24‘25, ilic theory for two acetyl groups requiring acetic 
acid 23-9 per cent. The compoiind is I'caddy soluble in benzene, 
yielding a blue, fluorescent liquid, and its soluriou in alcohol, in 
winch it dissolves sparingly, is also fluorescent. In acetic acid 
I here is no fluorescence. * 

A TOolecular-weight deterinination of flic acetyl ouinpouiKl cave 
the lollo-witig result : 

gav(' A - '^0-74®. 1/ .-a 50.V7. 
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On the other hand, if the acetylation is carried out by boiling 
with acetic anhydride for one hour in the presence of a trace of 
pyridine, the addition of alcohol causes the deposition of a difierent 
acetyl derivative. This, purified in the same manner as the diacetyl 
compound described above, formed colourless plates melting at 
265°, which were soluble in sulphuric acid with a magenta coloration 
[Found: 0 = 73-73: H = 4-50. CosH^AiC.HgO)^ requires 


73-72; H = 4-44 per cent.]. 

An acetyl determination by the acetic ester method gave acetic 
acid = 40‘4, the above formula requiring acetic acid = 40-95 per 
cent. This idm-acaUjl derivative is readily soluble in benzene with 
formation of a blue, fiuorescent solution. When it was hydrolysed 
with fuming hydrochloric acid in the presence of acetic acid in the 
usual manner, the original compound, C 28 Hjg 04 , separated as small 
needles, and these, wlnui digested with boiling acetic anhydride, 
gave the diacetyl <‘umpound, P' ^ 

Furthermore, this diacctyl com]iound, when digested with acetic 
anhydride and pyridine, was converted into the tel ra-acetyl deriv- 
ative soluble in* sulphuric acid uith a magenta coloration. 
attempts to ■prcjjare the methyl ether of the eonipound 
by means of alkali !\nd methyl sulphate were unpromising, diazo- 
jnethane w'as emjhoyed. 

The substance (1 gram), sus})endcd in 2.) c.c. of pure acetone, auis 
treated with an ethereal solutiou ol dirizomcthane in some cxce^>, 
and the mixture allowc'd to stand ov'cr-night. Crystals had then 
separated, and aftei- evaporating tlu' mixture to dryness, these \Y(Te 
purified by crvstallisatiou from acetone [Found: 0 = 80-;;; 
H = 4-73;’ ('H, - ligHigOAO-Ciy., requires 0 = 80-72; 

H = 4-93 ; CHg = 0-73 ])er cent.]. 

This dlmeihyl dhrr forms colourless needles melting at 217°, is 
moderately soluble in acetone, and dissolves in sulphuric acid with 
a yellow' coloration. 

The compound CbsHis^i evidently ?y : ■dihjdroxjj^ 

dianthrone (I), 


/\ 


/■o., 

''CH'" 

CH 


(J.) 



r'Y'Y^ 

loH 


jOII 

/ \/ i \/ 

1 Jx V'n/ 


OH 


(11.) 
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■R ' acetylation in the presence of pyridine, enolisation evidently 
oecnrs the tetra- acetyl compound of the dianthranol (II) being 


produced. 


lieducfion of Dihj^dro:rydianthron<i. 

phi? was carried out in a similar manner as the reduction of 
•^hvdroxj^anthraquinone described above, employing 5 grams of 
the dianthrone, 25 c.c. of water, 45 c.c. of ammonia {d0’880), and 
[Q (Trams of zinc dust. The digestion was carried out for four and a 
half hours, and during the first two hours 10 c.e. of dilute ammonia 
;v^re added after each c[ua.rler of an hour. The supernatant liquid 
was poured into dilute hydrochloric acid, giving a colourless 
jirecipitate, and this w-as collected and dried. From thi.s, by 
treatment with pure acetone, a trace of unattacked dihydroxydi> 
aiithronc was recovered, whereas the soluble portion consisted of 
ij-hvdroxvanthranol, \vhich gave the acetyl derivative, m. p. 155°. 

from the zinc residues, in the manner previously described, browm 
cvvstals of the di hydroxy dianthryl were isolated, and these, after 
Lfvstallisation from benzene and alcohol, gave the acetyl derivative 
melting at 302—303°. 

Experiments were now carried out in the liope of reversing the 
ii'ocednre, that is, tln^ oxidation of the 3-hyclroxyanthranol to the 
liiivdroxydiantlii’one. The former suljstanee (I gram), dissolved in 
III c.c. of boiling acetic acifi, w^as treated witli a solution of 0‘9 gram 
if commercial ferric chloride in 1 c.c. of the same .solvent. After 
tijrcstion at the boiling jahnt for a few minutes, yelJowi.sh-green 
:rv.stals commenced to .sejrarate, and, when cold, these were collected 
[ind weighed 0'7 gram. These melted at about 300°, and by 
acetylation with acetic anhydride and pyridine gave an acetyl 
compound melting at 205°. This dissolved in .sulphuric acid with 
a iiiagenta-red coloration and was evidently the totra-acetyl deriv- 
ative of the dihydroxydianthranol referred to above. By treating 
tlie acetyl derivative of 3-hydroxyanthranol with ferric chloride, 
(ttidation to dihydroxydianthrone takes place, hydrolysis of the 
acetyl groups also occurring during the reaction, ajid this process 
fur the preparation of tlu‘ dihydroxydianthrone is preferable owing 
to the readier oxidation of the more soluble, acetylatcd 3-hyclroxy- 
anthranol. Thus 1 gram of 3-acetoxyanthranol in 3 c.e. of acetic 
acid gave with 0’75 gram of ferric chloride a deposit of 0*5 gram of 
t'lT^italline dihydroxydianthrone, and from the mother-liquor by 
laiitious dilution with boiling water a further 0- gram of crystals 
•'as isolated. Tdiis corresponds with a yield of approximately 86 per 
K’Jit. A specimen prepared by the latter method, after one crystal* 
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lisation from alcohol, gave C — 80'o7 ; H — 4*25 (calc., C ~ $0'3‘]; 
H ~ 4'33 per cent.). 

This method of preparation of the dla nth rone is obviously morp 
advantageous than that described earlier, which involves tlip 
reduction of 2 diydr'(.)xyanthraquinorie with zinc dust and ammonia. 

The positions of the hydroxyl groups in this dihydroxydianthroiu- 
and in the 2 : 2'-dihydroxydianthryl described earlier in the pape-r 
follow from tlie known position of the hydroxyl group in 3-hydroxy, 
anthranol (or unthrone) (IV), from which both compounds maybe 
considered to have l)eeu derived. Tims Bistrzyehi and Ys.sel 4 
Schepper 1898, 31, 2794) obtained 3-hydroxyanthranol by 

treating the hydroxydiphenylmcthaneearboxyhc acid (III) witii 


sulphuric acid. 




(III.) 


(IV.) 


Since 3 : 3'-diliydroxydianthrone is derived from the hydroxy, 
anthrone by oxidation, 'its fonnnla must accordingly be representoi 
as (V), 



(V.) 


and again, since diliydroxydianthrxd is obtained from the latterly 
reduction, the hydroxyls present in this substance must also oecupy 
the same positions, 

The inve.stigation of tlie oxidation of otlier hydroxyanthranols oi 
their acetyl derivatives xvith ferric eiiloridc is in progress, am 
crystalline'^ products have been obtained in this way from I>mt 
deoxyalizarin and the anthranol of anthragalloi, both of wind 
apparently are dianthrone derivatives. 

O.ridaiioJi of the DiJiydroxydianihrone (Formula V). 

With the object of obtaining the corresponding 2 : 2 '-dihyclroxy 
dianthraquinone, experiments have been carried out on the actw* 
of permanganate on a suspension of the dianthrone in water, employ 
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h)g ill tlic first case slightly more than the. theoretical amount of this 
oxidising agent. After removal of manganese oxide with oxalic 
acid, there remained an orange, amorphous product soluble in 
sulphuric acid with a dull violet coloration. This evidently was a 
mixture and w’as extracted first witli cold and subse(][ueritly with 
]iot acetone, by which means a considerable quantity of a resinous 
impurity passed into solution. The residue w^as now dissolved in a 
large volume of boiling acetone, the solution evaporated, the bright 
orange-red crystals extracted repeatedly with boiling alcohol, and 
tinally recrystaUised from acetone. The substance tlius obtained 
consisted of glistening, orange-red needles, which, when heated, 
appeared gradually to decompose above 300° and had not completely 
mcltccl at 350 . Sulphuric acid dissolves it with a fine blui.sh- 
Tiolet coloration, and dilute alkalis with a rod tint similar to that 
given by 2-hydroxyanthraquiiione itself. By acetylation with 
acetic anhydride and pjndine in the usual manner, an acetyl 
conipounfl crystallising in goldcn-ycUow needles is obtained, the 
solution of which iu benzene is characterised hy a strong green 
iluorcscence. When heated, this compound uiulrngoes incipient 
fusion bctw’een 160 and 170°, and as the temperature rises becomes 
again completely sohd, and finally melts fairly sharply at 276°. 
The rielcl of this orange-red oxidation product has hitherto averaged 
iiot more than 10 per cent, of the dihydroxydianthrone employed, 
and further experiments wiD be carried out with the object of 
devising a more economical method for its preparation. The same 
compound has been obtained by one of us and G. G. Bradshaw in a 
H}rnc\rhat unexpected manner from 2-hydroxyanthraqumone, and 
this fact has allowed of a more detailed examination of the com- 
pound, an account of which will be shortly laid before tire Society. 
As a result, it scorns highly probable that this substance has the 
formula G 28 Hj 402 ( 0 H)^ and is 3 : 3'-dihydroxydianthraquinone : 



h is still doubtful, horvever, whether tire liydroxvl groups are in 
positions 3 and 3' oi- 3 and Ci 
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The Reduction of 2-Hydroxyanthraquinme with Aluminium Powder 
in the Presence of Dilute Alcohol and Ammonia. 

Experiments on the reduction of 2 -hydroxy antliraqiiinone with 
zinc dust and ammonia in the presence of dilute alcohol were carriof] 
out in the hope of discovering a more convenient method for th 
preparation of 2 : 2^-dihydroxydiantliryt T hese have been hitherto 
successful in so far that it has hccii ascertained that in this way 
It-hydroxyanthranol is produced in good yield. By the cmployiDent 
of aluminium powder, however, an interesting result was obtained. 
Excess of aluminium powder was added to 10 grams of 2-hydroxy- 
anthrapuinone, 100 c.c. of 50 per cent, alcohol, and 90 c.c. of strong 
ammonia contained in a flask provided with a reflux condenser, and 
the mixture was gently^ heated on the water-bath. As the reaction, 
which at first was vigorous, proceeded, the lii^uid gradually hccamo 
yellow and reddened on exposure to air. At this stage, w'hich may 
occur after one hourk digestion, the aniinonium salt of 3-hydroxy- 
anthranol is mainly present. On continuing the digestion for a 
second hour, the ammoniacal solution no longer became re^ on 
exposure to air, and after filtration from the aluminium * residue, 
was neutralised Avith hydrochloric acid. The pale yelloAv flocks 
thus depu.sitcd Avere collected and, Avhen dry, Aveighed 7 grams. 

To identify this product, it was acctylated and the acetyl com- 
pound crystalhsed from benzene, from Avhich it separated in 
colourless leaflets melting at 195° [Bound : C 81-62; H ~ o-08; 
acetic acid — 24-6. C| 4 H 90 (C 2 H 30 ) requires C — 81-36 ; H = 5-09; 
acetic acid — 25-4 per cent.]. 

The residual alcoholic liquid from the acetyl determination de- 
posited, on cooling, colourless needles, Avhich could be recrystallised 
from dilute alcohol and melted at 144-5—146°. These Avere 
insoluble in dilute allvaU and evidently consisted of the ethyl ether 
of 2-anthrol.t 

44iere can be no doubt, therei'oi'c, that this product of the reduc- 
tion of 2-hydroxyaiitliraquinone Avith aluminium poAvder consist? 
of 2-anthrol, as Avith this its reaction.s fully harmonise. The 
melting point of 2-anthryl acetate is given by Licbermaiin (Aftnalu!, 
1882, 212 , 26) as 198°, and that of 2-anthryl ethyl ether as 145—146' 
(Liebermann and Hagen, ikr., 1882, 15 , 1427). According, again, 
to Liebermann, who obtained 2-anthrol from 2-hydroxyanthra- 
quinone by means of hydriodic acid and amorphous phosphorus, 

* Much of the aluminium is recovered uiicliangcd. 

t It lias not bouri found possible to prepare anthrol with any success bv 
means of zinc dust and aqueous ammonia. 
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tliis substance decomposes at about 200'b whereas the product 
({escribed above became green at 195'" and softened at 210". As this 
aiethod gives 2-anthrol in good yield and containing little impurity, 
it has been protected iu a preliminary patent specification. 

Fraction A . — This product consisted mainly of 3 -hydroxy an thranol 
<intl was identified by means of its acetyl compound. Occasionally, 
liowever, some quantity of clihydro.vydianthronc was present and 
this could be isolated by stirring the mixture with about twice its 
weif^ht of pure acetone, in nliich ease the .‘Miydroxyanthranol 
alone dissolved. 


Sumnumj, 

It is shown in this paper that if 2-hydi'oxyanthraquinone is 
reduced with zinc dust and ammonia in the manner described, 
:] ; 3 ^dihydroxydi an throne, 3-hydroxyanthranol, and 2 : 2'-dihydr- 
oxydianthryl are produced. Although these substances in the 
order named might be considered to represent distinct steps in the 
reduction of 2-hydroxyanthraquinonc, this scarcely seems to be 
the case. There is evidence that the first st{“p in the reduction 
consists in the formation of the 3-hydroxyanthranol and that this 
is not preceded by the forjnation of dihydroxt’dianthronc. 

The presence of the latter is to be accounted for by the oxidation 
of 3-hydroxyanthranol as ammonium salt during the quiescent 
periods of the reduction process through slight access of air and from 
the same cause during the introduction from time to time of the 
ammonia solution. It was observed, for in.stance, as the results of 
an experiment not recorded above and in ubicli the reduction was 
rarried out at 100'" in a closed autoclave, fitted with a stirrer, that 
lie 3 ; 3'-dihydroxydianthroue was formed, and indeed 3-hydroxy - 
aiithranol appeared to be the sole product. Again, dihydroxy- 
dianthrone was not found to be present, in an experiment in which 
tlic reduction was carried out iu an atmosphere of hydrogen. 

Owing to the cessation of our joint ^curk, evidence as to the origin 
of the 2 : 2' -dihydroxy dianthryl is still uncertain, that is to say, it is 
doubtful whether it results frojii the reduction of the dianthrone or 
of the antliranol or of both. Although such knowledge as W'e possess 
points to the dianthrone being at lea.st in part the source of the 
flianthryb this is far from conclusive, and the matter, which should 
not be difficult to determine, must await further investigation. 
Finally, it is interesting to note that the compounds described in 
this paper repre.seut complete series of reduction products in the 
.scheme of 2-hydi’oxyanthraquinone to 2-ant lirol. To illustrate 
these only the ?^ie50-grouping is given ; 
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XXXVIL— Roaefiotis of the Phos-phazines. 

By Waltek TifEODORE Karl Braunholtz. 

account of some reactions of the phospliineimines, RgEXlv. 
has recently been published (Staudinger and Hauser, Hdv. Clm. 
4cfa, 192C Sbl)- present coinraunication, analogoia 

reactions of thi pliosphazines arc described. The latter compotinds 
11 P;>;-X:CR.., y erc first obtained by Staudinger and Meyer [Mt 
Chim Ada 1919, 2, 619) by the direct nnion of a phosphine and an 
aliphatic diazo-corapound. It nas considered possible that tbeir 
reactions might proceed similarly to those of the phosph.nc.ffi.ncs 
but tl.at the primary products might in this case readily Osc 
nitroucii and give rise to a variety of substances the preparation 
of yiiich has hitherto been impossible or very laborious iloi 
example, iinsyninietrieally substituted keteiis, tliio-keicns. ete.h 

RjPiX'NiORj + X'.C'.fi EsB-O '+ KjCiA-XX'iX -> BjC.C.X t 
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The reactions did not, however, proceed in tiiis sense, the 
]il)eration of nitrogen either not occurring ai till or being tiecom- 
panied by more complex decomposition. In the case of the reaction 
between phosphazinc and sulphur dioxide, it was possible to isolate 
a primary additive product. 

For a further general ennsideration of the objects and results 
of this work, see Staudinger and Braunholtz {Ildv, Chim. Acta. 
19:11, 

E X P E R I M E N T A L. 

TripJi^nijJpho.sj)Jii n fhen zopke nonca z ir> e, PPln !X-X’CPh 

The pre])aration of this compound from triphcnAdphosphinc and 
(liphcriyldiazomethane lias lioen described by Staudinger and 
Moyer {he. cit.). ft forms faintly cream-coloured crystals, m. p. 
17:F (decomp.). 

IMaviour with Carbon D/o.rn/e.— Xo reaction occurs on passinrf 
tlie gas through a .sus])cnsion of the phosphazine in cold toluene, or 
through a solution in boiling toluene. In the latter ease, slierht 
(lof'Oinpo.Mtioii of (lie jihosphazinc occurs, but is caused bv the heat 
since it occurs equally in the absence of carbon dioxide. 

Efadion with Phniiilcarbimidc.—liQaciion proceedt'd readily 
between equimoleeulnr projiortions of the phosphazine and ])henyi- 
earbimide, and vsas exothermic; its course was identical wliether 
the substances were mixed ^\itlinnt diluent or in the presenci^ of 
benzene, toluene, or (dhor, and it was immaterial whether the 
reaction was carried out In tiie air, in carbon dioxide, or in nitrogen. 
A deep purple coloration was ra|:)idly developed, fnd was samn 
replaced by a dark r('ddis;i-br'o\en. Xo niti'ogen was evolved. 
After warming for one lionr, the diluent was removed in a vaeiium, 
and the viscous brown residue stirred with ether: part of tlie 
reaction jiroducts dissolved in the etJier, leaving a colourless solid, 
whicln after purification {dissolution in a little benzene and precipi- 
tation with light ]Mdroieum), gave colourless crystals that melted 
and did not depress the ni. p. of triphenyl phosphine 
o\k\e. Yield; about 70 per cent, of the theorcdical. To the 
brown, re.>iu()us residue from the ethereal filtrate alcohol was added, 
a brownish-yellow', amorphous solid being obtained, Tliis could 
not be isolated in a crystalline form or sufficiently pure to furnish 
conclusive analytical evidence as io its composition; it contained 
nitrogen Imt no pliosphorus, and analyses and molecular- weight 
determiimtions at least suggest that it is a polymcride of the formula 
is, {rhX!0!X*X!CFho)j. By repeatedly takimi 
Jip in ether and precipitating witli alcohol, it was obtained as a jiale 

'uiv. :3ilourcrl powder melting at 170 — 17;Y witli previous darkenim*- 
vnr. ^wvT ^ 
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When heated alx)ve its m. p., it dccoraimscd with liberation of 
|.ilienylcarbylainine. 

Attempts to isolate tlio transitory purpk* product initially formed 
were unsuccessful, the red residue being always obtained. It 
possible that it represents an unstable additive compound between 
phosphazine and phcnylcarbimidc, since in the case of phenyl- 
thiocarhimide (see below) a similar, but here bluish-green, coloration 
was iransitorilv obtained. A second mol, of the carbimide did not 
enter into reaction with the phosphazine. This reaction therefoxf 


probably proceeds as follows : — 
PhgriX'NiOPh. -f PhXCO -> 


rPh,p-N-N:('Ph,i 

1 . O-CNPh .1 

PhgPO + (PhNC:N-N:C?h,), 


Ikadion. irlth rheM!/lthiocrn-bim((k.-—Thc reaction proceeded less 
readily than the preceding, but on wai-ming, a transitory deep 
bluish-green coloration was observed, which soon changed to dark 
reddish-brown. Xo nitrogen was liberated. Triphenylpliosphine 
sulphide (m. p. 150—158"; mixed melt test) was obtained in 80 
per cent, yield, together with the same pale yelloAv, arnorphom 
substance as with jdienylearhimide. Only 1 mol of the thin- 
carbimide reacted with i mol. of the phosphazine, that is. Ihr 
reaction was quite analogous to the preceding one. 

limctioH irilh Carbon Dknlphidr.—'nie phosphazine was sus]>endcil 
in an excess of carbon disulphide. Xo reaction occurred at room 
temperature, but on w'arming under reflux the solid soon dissolved, 
giving a dark brown solution. After warming for several hours, 
the mixture was kept over-night, W'hen a crop of straw-coloured 
crystals of triphenylph(.)si)hine sulphide separated. Excess of 
caVbon tlisulphide in the I'iltrate was renK)\’ed in a vacuum and tin* 
residue stirred with ether, whereby a further quantity of the 
phosphine sul])liide was obtained. Total yield : 8<)— 85 per cent, 
of the theoretical. The ethereal solution was evaporated to small 
hulk and alcohol added; a brown, amorphous solid was thrown 
out. This was [uirified as far as possible l)y repeatedly dissolving 
in ether and precipitating with alcohol : it was finally yellow and 
melted w'itli decomposition and previous darkening at 150 lad 
(Found : (' - 8T2 ; H -= o'O ; X - 14-1. requires 

(;^81-0; H-5-0; X = U'O per eenl,). 

The reaction bebveen the phosphazine and carbon disiilpliide 


may therefore be, written 


(i) P!i3P:x-x:cPh., - cSj =. PhjPS + R:c:N-x:cPhj 

(ii) s;(':n-x:ci'1i, + PhjPix-xxPhj = PhjPS + 

ptijC:x-x:(!:N'X:(Tiii. 
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The earbocli-imide derivative was liydrolysed ]iy l)nltjng with 
roiicent rated liydroeliiorie acid, givdng }3enzoplienone and hydr- 
aziiie- 

Reaclion with Sulphur T^/o.r/de.— The piiosphazine dissolved la 
liquid sulplnir dioxide, giving an orang(‘ .solution which contained 
the primary additive product, d’ho same 2 >roduet was also obtained 
ns a vellow solid by passing sulphur dioxide through an ethereal 
suspension of the phosplmzinc at room temperature. Tt loses 
sul[)hnr dioxide gradually on exposure^ to the air, more rapidly on 
\(AiTuin<r, and also when .shaken with cold ether or acetone, the 
phospliazine being regenerated. The gain in v eight accompanying 
the formation of tliis product was found to be 14-0 per cent.: 
requires an increase of 14'0 per cent. 

The reaction between the phospliazine (in benzene solution) and 
Uiirm sulphur dioxide is com])Icx. Nitrogen was liberated (82 per 
eent. of the total nitrogen in the phospliazine), and amongst the 
])ro(lucts tripheuylphosphine oxide and .sulphide, sulj){iur, and 
benzoj)henone were identified, the last two probably being formed 
1)V decomposition of the thionybnethylene derivative, Pb 2 CRO, 
produced as an intermediate.’’'' 

Bmfflon u'llh Tklonijlamllne . — Eqiiimolecidar quantities of the 
two compounds were' wanned togedber in lumzeiu* scjluticm for 
several hours. The reaction is comjilex. Nitrogen was liberated 
(i4 per cent, of the total nitrogen in tlie piliosidiazine) and triphenyl- 
[►hosphine oxide and sulphide were obtained in approximate!}' equal 
amounts. In addition, a .small quantity of ii colourless, erystalliiu' 
.silid and a yello wish- green , oily residue were also produced. The 
former was soluble in ether or liot alcohol and melted at 1B8— 170" : 
ii contained sulphur but no tdiospluini.^^, and deconqxtsed above 
its in, p. with formation of tctraphenvietliylem* (mixed melt). The 
oil was soluble in ether, alcohol, or glacial acetic acid, and insoluble 
in light petroleum or iiydrochloric acid: on attempting to di.stil 
it at 12 — In rnni. pressure, it decomposed, giving phcnylcnrbylamine 
and benzophenone, 

Hmdlon with Di phenjilb-ten. — Eqiiimolccular (juantifies were 
lirniight togetlier in benzene at room temperature, aii' being care- 
fully excluded. The mixture liccame feebly warm. No nitrogen 


* Professor SfaufliiigiT ho.s kiiully just informed the oudior of a recent 
observation marie l>y l\im affording support to this view. Sulpliur dioxide 
forms an additive compound with trii)lienylpliospIiinediphenylmethylene in 
tile cold, and thi.s also i.s dceotnpnsed, on wanning, into triplionylphosphine 
oxiile, benzophenone, and snlpliiir :~ 


PhjPiCPh, i SOij-Plj.P-tTlq 

0‘S:o 


q’hjcsoj- -^>Phxo : s. 

Ll 2 
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was liberated. After keeping for several hours, triphenylphospliinc 
oxide (66 per cent, of the theoretical) was i,solated together witli ;in 
orange resin which was soluble in all the oninmoner organic solvents 
except alcohol and light petroleum, and which could not be purilind. 
On hydrolysis with concentrated liydro chloric acid, this resin gave 
ben/ophenono, hydrazine, and a viscous, brown substance u'hi.h 
was not identified, but which was probably polymerised keten. 
These results suggest that the reaction should be wTittcn : 

Ph,?:K-x:cpiu + Ph..c:c:o ->Ph;^PO + (Pii2c;c:N-N;cPh2)x 

// EjO 

K^X-XH^-b Ph^CO -f (PhaClOlO), 

Reaction unfh Nitrogen h?e.-Triplicnylphosphinc oxide wa.s 
not formed. Amongst the products, which ^^■cre not further inves. 
tigated, were found a colourless substance, m, p. 195-198", insnluhie 
in alcohol, and a huff-coloured product which exjiloded with great 
violence at about 80" and was soluble in alcohol. 

FAhjl PPb3:N-N:CH'002Et. 

The preparation from triphenylphosphine and diazoacetic ester 
described by Staudiiiger and >Ieyer {loc. cit.) is improved by mixing 
the two compounds without a solvent. Small, colourless crystals 
are obtained, m. p. 113- 114°, 

Reaction ivith Pherujlcarblmide and with IView/lfhiocarbmuk. ■ 
These reactions proceeded analogously to those already described; 
the pale yellow, amorphous solid formed at the same time as the 
phosphine oxide or sulphide did not yield phenylcarbylamine when 
strongly heated. 

Reaction, ivlth Carbon i)i 5 jdp/nr/c.— Triplienylpho-sphine sulphide 
was obtained (70 per cent, of tlic theoretical) and a viscous, br(.« 
product w'hich wa.s not identitied. 

Reaction xcith Sulphur Dioxide.— An additive compound hetweeii 
1 mol. of the phosphazine and 1 mol, of sulphur dioxide was again 
obtained in the cold (increase in weight found - 17'2; increase 
required for C2oH2,0.2X2P,SOo - IT'O per cent.). With wanu 
sulphur dioxide, nitrogen was evolved and triplienyiphosplunc 
oxide and sulphide were foiiiied ; glyoxylie ester could not be 
detected. 

Ethyl Tripheirijlpkosphinemesoxalate^azine, PPh3!X'NiC(C02Ei)2- 
Pnparation.-Tlns phosphaani-. prepared from triphenylphos- 
phine and diazomalonic ester without a solvent, forms an orange, 
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iivEicly mass and has not yet been obtained in a crystalline state. 
Its identity is proved by its liydrolysis (G. Liischcr, in this 
laboratory). 

Jxeadions. — The reactivity of the phosphazine towards phenyl- 
tliiocarbimide and carbon disulphide was practicEilly nib the initial 
substances being recovered from the mixture unchanged. With 
phenykarbimide intractable, tarry products were obtained, which 
were not identified. 


kkiialN'NICIiPh. 

Preparation. — This compound has not previously been described, 
it was obtained by adding a saturated ethereal solution of triphenyl- 
I)]iosphine to phcnyldiazomcthane, and form.s small, colourless 
crystals, melting and decomposing at 141 — 142'^ (Found : C = 78-4 ; 
H-^j- 6; N ^ 7-6. requires C^78-9; H — 5*5; 

y = 7‘4 per cent.). 

Hydrolysis.— When heated with aqueous alcohol, triphcnyl- 
phosphine oxide, hydrazine, and beiizaldazine were obtained, the 
latter two being formed by the dccompo.sition of the benzaldehyde- 
liydrazone first produced. The ])liusj)hazino is slowly hydrolysed 
by moist air. 

Reaction loith Phenylcarbimide and icilh Phenylthiocarbimide . — 
The reactions proceeded quite analogously to the corresponding 
ones with ethyl triphcnylpliosphineglyoxylate-azine. 

I' he Peaction icith Carbon Disulphide was exactly similar to the 
reaction between carbon disulphide and tripheiiylphosphincbenzo' 
phetioneazine. 

The above investigations were undertaken at tlie suggestion of 
Messor Staudingcr, to whom the ioitbor desires to express his 
blanks for lus stimulating interest and invaluable advice. The 
uithor’s thanks are also clue to the Department of Scientific and 
.ndiistrial Research for linancial assistance enaliiing the work to be 
vuTied out. 

IhE CillC.MICAL LAEOR.CTOnieS, 

federal Tecunical Collcecijj, 

Zurich. 


[Received, December 2Zrd, 1921.] 
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XXXVIIL— T/ic Sepantiioii of Miscible Liquids btj 
DisliUation. Fart 11. 

By An-rHUR Felix; Dliton. 

Jn ail earlier coiiiininiieal ion (T., IDlil, 119, 1988) an aeeount 
given of a laboratory (listillalion c:oliinin wliicli appeared to 
all the advantages souglii for in a column for continuous working. 
A continuous still einijodying this column has been constructed, 
and experiments show that continuous separation of a binary 
mixture can be conveniently carried out in the laboratory. 

A column 1 inch in diameter (Fig. 1) was filled for a length of 
200 cm. with thin- waited, cylindi’ical, glass beads 4 mm. long and 
4 mm. in diameter. The cold mixture (of benzene and toluene) 
was introduced by means of a copper tube lying centrally down 
the upper half of the column. The rate of flow was regulated by 
means of a scrc’w valve, a constant -level chamber being provided 
between the reservoir and the valve. The purity of the products 
was indicated hy means of the ebullioscopes described below. 
Idle separated toluene was run off at the bottom, a ball- valve 
ensuring that a cpiantity sufficient to cover the heating coil was 
maintained in the still. 

Mercury for a seal over the cork at the bottom of the still was 
enclosed with a drop of toluene in a small tube. When the still 
was in use the mercury was expelled and covered the cork, wliilst 
oil cooling it was automatically withdrawn into the tube. This 
facilitated the withdrawal and replacement of the cork, 

ijo.^s of heat by' radiation was reduced iiy means of lagging a.i 
in the still described in the previous paper. 

After some experiments to determine the amount of lagging and 
rate of heating rc^juired, the still was in operation for one hour 
without any adjustment \\’hatsoe\’er, and in this time separated 
97*7 c.c. of pure Ivcnzenc and lUt) c.c. of juirc toluene from a oO per 
c'cnt. mi.xture. The rate of heating was 800 calories per minute. 
1'his corresponds with a tliermal efficiency of 38 per cent. 

It was found possible slightly to reduce the height of the column, 
and in an experiment with a column 165 cm. high 62' 3 c.c. of pure 
benzene and 60 c.c. of pure toluene wxtc separated in thirty mimiles 
with a heat supply of 915 calories per minute. This coiTOSpoiids 
with an efficiency of 11 per cent, 

Xote on Khi(ir(OS'CopiS.--\n continuous distillation the use cf 
mercury thermometers ha,s the cUsadvantage tliat correction for 
variation of pressure is necessary. A more convenient method of 
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indicating the purity of a pn)(]ucl is afforded by a co]n|iariKou of 
die vapour pressure uith that of a sample of the desired product 


r 


t'K!. 1. 
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beads 



at tlie same temperature. For this purpose, the leiision-tube, 
invented by ('hapmaii Jones (T.‘, 18U8, 73, 175) for the determina’ 
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tioii of the boiling point of small quantities of liquid, is well adapted. 
The tension-tube consists of a small glass (j-tube containing mercury. 
One end contains a drop of liquid and is sealed, whilst the other 
end is open. Jones pointed out the diffienliies of construction and 
observed that the inclusion of a small bubble of air w'as necessary 
to ensure vaporisation and prevent su]}ei’heating. He made no 
correction for tlie partial pressure of this air, although it 
appreciable. 

In using a tension-tube as an cbullioscoiie, both the closed end 
and the open end must he immersed in the saturated vapour of 
the product. Tliis ensures that the teinperatiirc of the liquid in 
tiic gauge is that at which the vapour pressure of the product k 
the pressure at the open end. 

The presence of the .small bubble of air renders necessary calibra- 
tion by means of a sample of the desired product. It is convenient 
to compensate the gauge so that the surfaces of the mercury are 
level when the product is satisfactory. For a benzene gauge Ibis 
w’as effected by using a mixture of benzene with about 2 per 
oeot. of toluene in the gauge and adjusting the amount of mercury 
during calibration. 

The gauge at the bottom of the still was compensated by adjust- 
ing the aiuount of mercury in tlie limb so that the lower 
surfaces were level, as shown hi Hk' figure. 

The gauge.s are very sensithc. The admixture of 1 per cent, of 
toluene ^vitll benzene causes a ditferciicc iu level of 0’85 cm. They 
are simple to construct, easy to caliliratc, and i)osse.ss the advantage 
that by means of a |)latinuin wire immediately above the normal 
mercury surface an electi'ie circuit may be completed immediately 
a product becomes impure. Tiiis circuit may be used to correct 
the operation of the column or to show on a conveniently placed 
indicator that the still is not in perfect adjustment. 

The author desires to exju’ess liis thanks to the Government 
Grant Committee of tlie ITA'al Seadidy for funds placed at lih 
disposal which have defrayi'd part of tlu' eo.st of this research. 

Ruyal ScHooi. or Minks, 

London. 


Hcccitrd, December 1021.] 
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Hijdrogenation of Ethylene in Contact 
ivith Nickel, 

By Krtc Keightley Rideal. 

Tkk catalytic hydrogenation of ethylene in contact with reduced 
nickel has been studied by Sabatier [('ompL rend., 1897, 124, 1360) 
and by D. M. and W. G. Palmer {Proc, Roy. Soc., 1921, [A], 99, 402). 
The former investigator showed that the reaction would proceed 
in the presence of carefuUy reduced nickel and with pure gases at a 
temperature as low as 30®, accelerating with elevation of the 
temperature to a maxiiuura rate at about 130 — 150°. The hypo- 
thesis involving the formation of a hydride of nickel is, according 
to Sabatier, the most satisfactory method of explaining the mechan- 
ism of the process of hydrogenation. The investigations of the 
Palmers revealed the existence of a period of induction varying from 
several hours at low temperatures to a few seconds at more elevated 
ones, during which period there Was practically no reaction; 
this period was followed by a rapid incrca.se in reaction velocity 
rising to a sharp maximum and finally falling rapidly away, hlu 
a[)prcciable reaction could bo observed below 73°. They advance 
the Jiypothesis that hydr-ogen is preferentially adsorbed, a few 
ethylene molecules in the adsorption layer act as centres of reaction 
uhieli develop, finally the catalyst is preferentially covered with a 
ihin layer of ethylene through v4iich the hydrogen has to diffuse 
for reaction to continue. 

Langmuir (J, Amer. Chem. Soc., 1918, 40, 1301), in his studies 
on the dissociation of hydrogen and on the catalytic combustion 
of carbon monoxide and hydrogen at platinum surfaces, ha.s shown 
that the reaction kinetics of these systems can most readily be 
explained on I lie assumption that the reactions proceed in a uni- 
molccular film on the catalyst surface. Tt was deemed of intere.st 
to examine the mechanism of tiie hydrogenation proeeiss in more 
detail, and especially the phenomenon of inductance, in order to 
investigate how far the idienomena could lie interpreted on the 
hypothesis of adsorpticui in unimolecular lilm,s. 


K X r E R I E N T L . 

1 h(' reaction vessel consisted of a wide glass boiling-tube eon- 
stdeted toward.s the upjicr end and eonneeted l\v means of a tliret'- 
way tap lubricated with phosphoric oxide to a Sprcngel mercury 
pump, gas burette, and manometer. The capacity of the system 
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comprising reaction vessel and free space above the maiionietcj. 
was such that I mm, of mercury on the gauge at 0^ denoted Iho 
Ijresence of lOb'O cubic nini. of gas corrected to N.T.P. Xhe 
catalyst consisted of a piece of nickel foil of total area of 6'25 st(. cm. 
suspended at the centre of ttie reaetion vessel by means of a narrow 
glass tube containing a thermometer sealed within it. The reaction 
vessel was wrapped in co{jper foil to ensure even distribution of 
temperature prior to insertion in an electrically heated tube ftirrmco, 
After much preliminary investigation the following method wa^ 
f(.)uiul to etisure the production of an extremely active and imifonn 
eatalytic surface. The nickel foil was immersed in dilute nitric 
acid, touched with tlic end of a platinum wire, and withdrawn after 
contact during a few minutes. It was then carefully dried and the thin 
film of nickel nitrate slightly decomposed by heating over a hydrogm 
flame. The cal alyst was then placed in the ai)paratus and the redue- 
iioii continued in situ, by the admission of hydrogen at low pressures 
to the reaction chamber. It was found that reaetion proceeded 
rapidly at 270^ with liberation of nitrogen and oxides of nitrogen; 
reduction to a black active nickel, however, did not occur below 
340^ (compare Taylor and Burns, J. Amer. Chem. Sac., 1921, 43, 
1276). Ignition of the nitrate to tlie oxide prior to reduction in 
situ necessitated the employment of a higher temperature for 
reduction, about 380^, and the catalyst formed in this way was by 
no means so active. TTe ethylene wms prepared by the action of 
zinc-copper couples on pure ethylene dibromide and was purified 
by washing with alcohol prior to solidification by liquid air and 
fractionation into the storage aspirator. Hydrogen was produced 
by the electrolysis of potassium hydroxide, all traces of oxygen 
being removed by passage of llu; gas over red hot copper. Both 
gases were stored over water. Hor experimental purposes \ariaiis 
([uantitics of the two gases, dried by means of soda-lime, were 
stored in a gas burette over mercury. Tor each experiment a 
suitable gas mixture was made up and the reaction chamber 
evacuated to less than i)'l mm. pre.ssiire. The desired temperature 
being attained, llu? dry gas was admitted, the initial pressure 
recorded, within tlirec seconds after admission of the gas, and 
the reaction velocity of the reaction followed by recording the 
diminution of pressure every fifteen seconds. At high temperatures: 
the gas mixture was warmed prior to admission to the reaction 
chamber. 

Resulls. — The following coriclusions \v(‘j-c evident fr'om the e.xptTi- 
mental data, lii pure gases tlici'c is no period of induction. It was 
found tliat eataly.ds would proceed uniformly but slowly at l<n\ 
temperatures. At 33^'^, with a total gas pressure of 124 mm. and a 
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'II per cent, gas mixlui'c, tJio rate of diiuiiiutloii of pressure was 
found to be 0*23 mm. ])er minute, corresponding with a catalytic 
rate of combination of 3’84 cubic mm. (reduced to y.TJ\) per 
<([. cm. per minute. 

A.s tlie temperature was elevated, the reaction velocity increa.sed, 
l!ic form of the curves plotted from tiic observed pressure-time 
irlaliouship being in all cases the same. A few typical curve.s are 
diowu in the following diagram. 


Fm. I. 



Tangent-derived curx es indicating the pressure -veiocily relation- 
diip revealed the interesting fact tliat in gas mixtures ricli in 
iijxlrogcii tlie reaction \'(.'loeity was at all periods c)f the reaction 
strictly proportional to the paitial j)ressure of the ethylene, whilst 
111 mi.vtures rich in ethylene the reaction velocity was approximately 
pi’oportional to the hydrogen partial pressure. In both cases, (he 
ethane ads as inert diluent. The influence of the partial pressure 
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on the reaction velocity of mixtures rich in hydrogen is shown in 
the following curves (Fig. 2). 

Taylor and Burns (loc. cit.) have shown that active nickel adsorbs 
hydrogen only slightly more strongly than ethylene below llQ"^ 
but definitely more strongly at higher temperatures under identical 
gas pressures, and that the quantities adsorbed begin to fail off 
rapidly at pressures below 200 mm. 

In mixtures rich in hydrogen we should expect the surface of the 
catalyst to be coated with hydrogen. When a space is left by the 
evaporation of a liydrogen molecule— and at low pressures there will 
be many such spaces — it may bo filled by an ethylene molecule^ 

Fig. 2. 
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which then undergoes hydrogenation provided that it is in ju.xUi- 
position to an adsorbed hydrogen molecule. The ethane formed 
appears to act merely as a diluent and consequently possesses but 
a short life on the catalyst surface or evaporates almost instan- 
taneously. Under tlie.se conditions, the reaction velocity will br 
proportional to the nunibc'r of ethylene tnolecules hitting the 
vacant spaces in juxtaposition to hydrogen molecules and to tlie 
shortness of life of the molecules on the surface. At any one 
temperature the number of ethylene molecules hitting the surface 
will be proportional to the ethylene partial pressure. For low 
partial pressures of hydrogen and high ethylene pressures, tlie 
converse will be the case and the reaction velocity will at any given 
temperature be proportional to the rate of contact of hydrogen 
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iiioicciiles or proportional to the partial pressure of this gas. The 
jiutxiiuuni velocity should be attained when the partial pressure of 
Ilje two constituents is so adjusted as to ensure the adsorption of 
tlie two gases in stoiclieiometric ratio. In this respect, the hydro- 
.feiiation of ethylene is similar to the oxidation of carbon monoxide 
It a platinum surface investigated by Langmuir (J. Amer, Ckem. 
Soc>, 1915,37, 1162; Tfctns, Faraday Soc., 1921, 16), although in 
this case the adhesion of one reactant, the carbon monoxide, was 
much greater than that of the oxygen to the platinum surface. 

On elevation of the temperature I lie (juantity of hydrogen adsorbed 
decreases, thus increasing the number of vacant spaces, but the 
number of ethylene molecules hitting the surface also decreases, 
hut at a slower rate ; thus we slionld expect on elevation of the 
temperature first a rise and subsequently a diminution in the 
reaction velocity, as was also noted by Langmuir in the reaction 
eifed above. 

'Lie reaction velocities for the ethylene hydrogen reaction at 
various temperatures are given in the following table. 


Mixtures rich in Hydrogen. 


Temperature. 

Mm. fall of pressure 
per sec. at 30 mm. 
partial pressure. 

Cubic mm. at N.T.P. 
reacting pe^sec. per 
rum. pre.s.sure of C,Hj, 

73® 

13-0 

2-81 

SO 

14-7 

2-97 

91 

16-2 

:m7 

101 

18-5 

3-57 

no 

24 

4-53 

123 

26'7 

4-90 

137-ri 

29-8 

5 -.30 

154 

22-2 

3* 7.5 

169 

21-4 

3 -.50 

200 

l!)-7 

2-90 


For mixtures rich in ethylene the results were by no means so 
uniform, the reaction velocity being apparently much less sensitive 
to temperature changes and only approximating to the values 
obtained in the hydrogen-rich mixtures at elevated temperatures. 


Mixkirts rich in Ethylene. 


Cubic mm. at K.T.P. 
reacting per see. per mtii, 
pressure of H,,. 


1-90 


Temperature, 

100 ® 
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Til (lie hydrogen -rich nuxture^j within the temperature rango 7;p- 
to i:T7^ the relationship between the reaetion velocity K in culiie nun 
per see. per mm. pressure of ethylene aiul the temperature eaii I,,. 


expressed in the form 

log 10 K 


242 


fJOO 


giving a value of 1800 calorics per gram-mol. as the heat of tho 
reaction which govei'iis the reaction velocity. Such a small valut^ 
indicates quite clearly that the limitation to the velocity is not 
imposed by the rate of c^-aporation of the hydrogen from the 
surface, hut rather by tlic length of lives of the reactants on tin- 
surface Indore combination and ('vaporalion. 

It is of interest to calculate the eiiieieiicv of the catalyst mass. 
Trie number of gram-mols. of ethylene, y, hitting the (V2r) .sq. oni, 
of nielad at a gas pressure of 1 mm. and at 7'° is given by tlic 
e(|ua(i(m 

_ d3-7o X G-25 
' ■ 70n aOst ’ 

or the numher of c.c. of ethylene at X.T.F. — 


At 117^ consequent!}", Sl'O c.e. of etliylene hit the catalyst per 
second in the absence of any hydi'ogen. 'The rate of disappearanri' 
of ethylene at tliis temperature in a liydrogen-rich gas was found 
to be equivalent to a fall in jnessure of 26 mm. in 15 seconds at an 
ethylene partial pressure of 30 mm. This is equivalent to an 
ethylene consumption of 4'S5 cubic niiu, (at N.T.F.) at a partial 
pressure of 1 mm., giving a ratio of 4'85;8I ,000 or 1 in 10,700. At 
137q wlien the reaction velociiy in a Iqydrogcn-rich mixtun' was 
found to l)e a maxiininn, .VoO cubic mm. ])cr sec. disappearrtl, 
whilst 75-3 c.e. would have hit the catalyst if no hydrogen had 
been present. At 200“, 70 e.e, would have hit the catalyst, whilst 
only 3'00 eiibie mm, combined. 

It is evident that even at the optimum temperature the rate of 
combination falls far .short of the possHde contacts even on thr 
assumption that the hydrogen eow'rs a gi’t'at deal of the surfarr 
and that the activity of the whole surface is not uniform. Oue of 
the chief factors in retardation of the reaction velocity is tlie fact 
that the collisions of flic njolceuics with tlu^ catalyst surface arc not 
elastic. Alolecular impact consists in condensation and evaporation. 
Between these t>‘-'o reactions a definite time interval elapses— the 
life of the molecule on the siii’faors At lln^ optimum tein|)eraturf‘ 
and in the optimum gas mixture it. is assumed that the livc.s of the 
hydrogen and ethylene molecules on tlic catalyst are equal. The 
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ininibcr of offectivo contact, per second per sq. cm. is gi\ en ])y the 
i-NjiresMon (Proc, Botj. Soc., ]n2] 99, 157} 


;}• = 8 


I' 43-75 iV 1 2 1 

naoVT) -ViVi/*- 


f . ziP 


. irtT 


1 


where M, are the molecular weights, i\’ the Losehmidt rmmhcr, 
p the ])artial pre.s.siire in rum. of each con.stitiient (taken equal in 
I his case), d tlie average molecular i-adius, and .t, the live.s of the 
ivEictants of the .surface in seconds. 

The rate of di.s appearance of the ethylene at 137 ’ and 1 mm. 
pressure is o'S cubic mm. per sec. (at X.T.P.) or 0*85 cubic mm. 
per sec. per sq. cm. 

If 1 gram-mol. disappeared jrcr se^.'ond, this would involve 
()'0()2 sueee.ssful contacts ])er s(‘Cond, hence 0-S5 eiiliie mm. 

luwe.ssitate.s 2-50 10"^ contacts. 

Inserting tlie values .V -= (l-Otm :/ 10“^, /> ~ f . rr/- - 

tr - (rh we obtain 

:r - 4-02 >: lO^c.r^. 

Equating these two values, we obtain rr — 8-0 X 10“^* see. ns 
the average life of a molecule of l^ydrogen and ethylene on the 
iiichel at 410" abs. 

One sq. cm. of surface lias an area of about 10^'* molecule.s, hence 
if tlie molecules of hydrogen and of ethylene occupied adjoining 
sriuai'cs, the maximum rate of combination in the most favourable 
10 15 

circimi.stances would be ^ molecules per sq. cm. ])er 

SCO. nr 2-30 e.c. (at X.T.P.) per 8(|. cm. per .see. The aetual rate 
(if foinhination was found to be 0-85 cubic iiim. p(‘r si]. cm. {h i' .see., 
indicating a catalytic efticieiicy of n(‘arly four ])er ten tlionsand. 


Thf Period of Indarfion. 

Tt was noted that when un])urified electrolytic hydroiren wus 
employed in the gas mixture a period of itidiictance was always 
('ihtained. .Ihat oxygen will eaust' tliis ])hennitieiioM w’as confinned 
hy the fact that a long or short jaa'lod of induct a uee could be 
obtained by the addition of vaiving amo\mts of (ixvg(ai to the 
reaction mixture. 

It was rioted tlnat during tliis period of inductance there was a 
small hut gradual diminution of the pres, sure of tlie system, indicat- 
ing that a reaction wa.s proceeding, and that after thi.s period of slow 
reaction a rajiid increase in the reaction velocity occurred (Fig. 1, 
eiirve.s i and ii), Langmuir (/or.nV.) lias oliserved a phenomenon 
fu'ecisely parallel to this one in his investigations on the di.ssoeiation 
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of hydrogen at the surface of a hot tungsten wire. In the presoticp 
of small quantities of oxygen, no dissociation of the liydrogen takcj^ 
place until ail the oxygen which is selectively adsorbed is romovotl 
from the system by condensation of the volatile tungsten, osidp 
on the cold glass surface. After complete removal of the oxj’geij 
in this wvay, the pressure rapidly falls, due to the condensation of 
the atomic hydrogen produced by the thermal dissociation of the 
hydrogen, wduch can now come in contact with the filament. 
the process under investigation, the oxygen is selectively adsorbed' 
having a long life on the catalyst surface, it reacts Avith the hydrogen 
to form water, and after removal of all the oxygen in this mannci' 
the ethylene undergoes rapid hydrogenation. On the catalyst 
surface we can imagine the follo^^ing mechanism of reaction in n 
hydrogen -rich mixture. On the evaporation of a hydrogen niolec-ulo 
the vacant space may be filled by an oxygen or by an ethylr^iK. 
molecule. The life of the former is very long compared with that 
of the latter on the surface, consequently the rate of hydrogenation 
of oxygon i.s much slower than the hydrogenation of ethylene. Tlu* 
rate of removal of tlie oxj'gen Avill evidently be proportional to tin' 
oxygen pressure and inversely proportional to the pressure of ttii' 
etliylene, the ethylene tlnis acting as a negative catalyst or 

8[0,] jCfO^] 

u ■ cicvh;! ■ 

If oxygen be admitted to the system proportionally to the etliylenp 
eoutent, tlien 


or f -- ihal is, the period of iuduclaiiee vill be proportional 

to the total Cjuantity of oxygen in the reaction vessel or eqaifi 
quantities of oxygen will be removed in equal times. 

A series of cx])eriinents confirmed the above hypothesis, both the 
ethylene and the hydrogen partial pressures being varied over wiib 
ranges, oxygen being admitted in ail eases proportionally to the 
ethylene content, as is indicated by the following figures. 


Kfhjllf.vr aflmix^d U'ith O'OOl per ('crd. of O.rugen. 


Time in SOPS, 
required to 
Period of consume one 


Tempera- 

ture. 

Mm. of Hj. 

^Im. of 
C.H,. 

Mm. . ^ 

inductance 
in sees. 

cubic nun. 
of 0.,. 

08-8^ 

8G‘o 

35 'it 

2-10 

82-2 

41-2 


39.") 

17-5 

• T07 

42 

40-2 

,, 

80 

40 

244 

00 

40'5 
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From similar data the following tabic was compiled. 

Tune required to con- 
sume one cubic mm. Velocity in I0-® c.c. 


Temperature. 

of Oj at N/2\i\ 

per sec. 

45* 

545 

1-8 

55 

53-65 

18 

65 

41-75 

23-8 

68-8 

40-5 

24 

71 

400 

25 

75 

22-8 

43-5 

80 

lo-O 

04 

no 

IM 

no 

101 

7-2 

130 

123 

5'0 

200 


If the iogariihni of the vt^locity he plotted against the reciprocal 


Fig. 3. 



Reciprocal tempcrafitre °Ahs. 


of the temperature, the points will be found to lie on a straiglit 
line, corresponding with tlie equation 




K - S-82 - 


2538 

T 


K being expressed iji 10"® c.c. per see. 

The slope of the curve indicates that the latent heat of evapora- 
tion of the hydrogen from tlie nickel surface is 12,000 cals, per 
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P’am-mol, an indication tliat there is quite a firni union coinparahle 
to those obtaining in ordinary cheniical combinations. 

When relatively largo quantities of oxygen are added, about 
0'5 per cent,, the catalyst undergoes gradual deterioration in eata. 
lytic efficiency, due apparently to the formation of an oxide of 
nickel which is eatalytically inert and cannot be reduced again to 
the active form below 400^ Evidently oxygen can adhere to the 
nicked in two distinct ways, one in which it is easily removed hy 
hvdroiicii at relati\cly low temperatures, for example, 30^ to :}0fr 
and one in which it is only removed at very high temperatures 
about 4(Kr, a phenomenon analogous to Langmuir's investigation,' 
cm the l)elnniour of oxygen in contact with tungsten and one 
which throws some light on the investigations of Willsliitter and 
Kcii)er(hV., 19:11,54, [/;j. 1701). 


Snurmarij. 

Tlie mechanism of the hydrogenation of ethylene at the surface 
of reduced niclad has been shown to be capable of explanation on 
Langmuir's hyjiothesis of contact action. In excess of hydrogen, 
the reaction velocity is proportional to the partial pressure of the 
ethvlcne, in excess of ethylene to the hydrogen partial prcs.nire, 
Ethane acts as inert diinent. The optimum temperature is aboni 
137^. The reaction velocity is governed, not only by the raliMd 
imjiaet of the reactants on the free spaces of the catalyst, but iibc 
by the lengths of the lives of the molecules on the surface. Thi 
length of the life of the reactants on the surface at 137^ is aboiil 
S X 10' ^ seconds. On the most advantageous conditions of iinpaci. 
the catalytic efficif'ney of the metal surface' is 0-04 per cent. Or 
the admission of oxygen to the reacting mixture, removal of tlii- 
gas at a slow rate 1)\^ hydrogenation occurs, the rate of hydrogfuicV 
tion being pro]iortional to the partial pressure of the oxygen am 
inversely to that of the ethylene. This is followed by the imid 
more rapid hydrogenation of the ethylene. The longtli of lifi 
of the oxygen mnlccuL on the surface is probably much greato 
than that of the ethylene. Large ([uantities of oxygen irreversild; 
])oi.s()n tlie catalyst for low-temperature catalysis, indicating tb 
possibility of the adsorption of this gas by two di.stinct processes 
The hydrogenation of oxygen on a nickel surface may be expresso 

by the equation log^^K - 8-82 - " , and the heat of evapora 

tion of hydrogen from tlie surface is about 12,000 cals, per gram-iiio 
The Chemical Ladoratortes, 

The Uxn'ERsiTV, CAMSKiiHa-:. ' [Riri-iml, Jffivniry IC^th, 
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From similar data the following table was compiled. 



Time required to coi^ 
sume one cubic mim 

Velocity in 10- 

Temperature. 

of Oa at N.T.P. 

per sec. 

45" 

545 

1-8 

55 

53-05 

18 

65 

41-75 

23-8 

68-8 

40-5 

24 

71 

40-0 

25 


22-8 

43-5 

80 

15-6 

at 

90 

ll-I 

00 

101 

7-2 

130 

123 

5-0 

200 


If the logarithm of the velocity bo plot ted against the reciprocal 


i'lG. 3. 



licciprocal icmpcralKrc ‘^AL- 9 . 


of the temperature, the points will be found to lie on a straight 
Hue, corresponding with the ccpiation 


logio K - S‘S:1 


2538 

7 '^ 


^ being expressed in lO"*^ c.c. j)ei see. 

The slope of the curve indicates’ th;it tlie latent Jieat of evapora- 
tion of the hydrogen from the nickel sui'faee is 12.000 cals, per 
VOI. CXXI. ' .. 
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gram-mol, an indication tliat tbci'e is quite a firm union conipaiahj^^, 
to those obtaining in ordinary chemical combinations. 

When relatively largo quantities of oxygen arc added, ahciiit 
0‘5 per cent., the catalyst undergoes gradual deterioration in cata. 
lytic efficiency, due ai>parently to the formation of an oxich^ df 
nickel which is catalytically inert and cannot be reduced again td 
the active form l)elo\v 400“. Evidently oxygen can adhere to lii!- 
nickel in two distinct Vv'ay.s, one in \\-}iich it is easily removed hv 
hydrogen at relatively low temperatures, for example, 30' to idlin' 
and one in whieli it is only removed at very high temperature 
about 400“, a phenomenon analogous to Langmuirs investigation, 
on the behaviour of oxygen in contact with tungsten and („i,. 
which throws some light on the inve.stigations of Willstaiter and 
Kelber {Btr., 19:!J, 54, [Bl 1701). 

Summary. 

The mechani.sm of the hydrogenation of ethylene at the surfa(Y 
of reduced nickel has b('en shown to bo ca])able of explanation oii 
Langmuirk h\'potliesis of contact action, in excess of hydrogi'ii 
the reaction velocity is proj^oitional to the partial pressure of th 
ethylene, in excess of ethylene to the hydrogrm partial pressure 
Ethane acts as inert diluent. Tire optiunun temperature is ahniii 
137\ The reaction velocity is governed, not only by tlie.ratce; 
impact of the reactants on tin* fia'C sjraces of the catalyst, tail ak 
by the lengths of tlie lives of the moleeules on the surface. Tin 
length of the life of (be reactants on the surface at 137“ is aiioii: 
8 X 10“® seconds. On the most ;ulvantag(‘ous conditions of inipacr 
tlie catalytic eflicieney of the metal surface is tr‘(l4 ])(n' ecait. Or 
the admission of oxygen to the reacting mixture, removal of tlii- 
gas at a slow rale Iry h \ lirogenatiou oeeurs, tlie rate of hydiotiimi' 
tion being proportional to Ww. partial pressure of the oxygen aiT 
inversely to tliat of th.o ethylene, This is followed by tlie iiniii: 
more rapid liydingenatioii of tlie ethyleiu', TTie length of lilt 
of tlie oxygen molecule on the surface is protiably mueli greato 
than that of tlu' ethyleue. Large quantilies of oxygen irreveivilily 
poison the catalyst for low-teinperaiure eatalysi.^, indicating iL 
possibility of tlu' ndsoiptioii of tliis gas liy two distinct in’ociX'SCS 
The hydrogenation of oxygen on a nieiad suit'ace may be ex]U'e-a‘(l 

by the equation logiQ/{ = 8*82 - - and tiic heat of evapura- 
tion of hydrogen from flic .surface is aliout 12,000 cals, per graiii-tiid 

The CuEMic.AL Laboratories, 

The University, Cahbhidge. ' [ Ikveiin ], Jamicmj mh , 
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XL.— 77/c Colouring Matter of the Hauid 
Pelwyo7iium. 

.By ( G'.; 0 F 1;' R F Y iS A ( W 1 ) F 1 {'['[{{; j.; y ^ 

[’i’ 1 (» the tiuie \vhv\i the work was coninieiKa'!!, our kuow- 

of the nature of the colouring matter of the .scarlet pelar- 
{Pcfanjocicm zonak) was cohIiikaI to tlio variety known as 
■ Srarlet .Meteor" (grown in Kuro])(y, from the petals of which it. 
was holat('{l hy Willstatter and ihhlon (Aiiiialrjt, Ifll.y 408 4’^) 
It wa.s siiouji to occur in tlio petals, to the extent oi 0-0— 7-1 per 
(.rat- ef tne diy weigiit, in th(' form of an oxoninni .salt of the di- 
hnco-dde of ptdargonidin, namely, pelargonin (prohahly pelargonia 
tartratf'). it is also of interest to noj(‘ that this glueoside wa.s tlie 
tiist of the aiithoeyaniii pigments to he olhained iii a crvstalline 
feriii (Chhlillis, Chcui. AVrn, 1IJ03, 89, 249). Willstiii'ter and 
Pxilrnti liave also shown {Acnak'n, 1915, 408, 149) tinat ])elargonin 
h the colouring matter of the cactu.s dahlia and the j)ink eornfiower 
;l)hi(‘ eorntlowers contain cyanin in the fonn of its potassium salt; 
Wiil.'t.ltter and Everest, .l/.-,.adee, 101.3.401, 189) 

Wlien boiled for a few minutes with 20 per cent, hydrochloric 
acid, pelargonin yields dextinse and tlu' true, sugar-free pigment, 
pelargouidin. 

Pelargonidin lias been obtained synthetically by Willstdtter and 
Zechmcister by the action of 1 rimethoxycoumariii on magne.sium 
aiiisyl bromide; on tivating Die prorlncl with hydrochloidc acid, 
a tc tram ethyl etlier was olnained, whicli, on convei-sion to the free 
iilicafhc eornpoimd liy demcthylation, yielded an oxonium .salt 
[hat proved to fie identical with pelai’gonKlin chloride {^^ifztuigshcr 
Pre~;s^. Alvd. llVs^x. 1914, SSb). 

In tlie present I'e.seareh, it is shown that anotlier varielv of 
rdjiqjorunm. zonnie, namely, ■.lames Kelwa\- " (grown in Ins. 
iraha}, contains this same gbumside, pclargouiu ; it occui-s in the 
I'ctaLs as an ().xoniimi salt of pelargonin to the extent of aliont 
'M>cr cent, of the dry weiglit of the pc'tais. Tlu' plains from which 
tacJlowcrs were gntlKTcd wciv pujvhased from Mi's.^rs. Sliciiheixl and 
>ens cf Sydney. 

X I* I: R 1 M E X T .-t [,. 
li ((I> r Coi.hdl of (h> /h/u/.v. 

ill order to ohlain some idea of the water content of the petals, 
•^[uriplo wa,s dried to constant v>eight al Kid ; tlie ios.s in wei^lil 
iouud to be 88-27 per cent. 

N 2 
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Isolation of the Anthocyanin Pigment. 

For the isolation of the pigment, the two methods employed hy 
Willstiittor and Bolton were tried, namely, extraction with glacial 
acetic acid and extraction «ilh iM) |)ei' cent, alcohol. ^ 

The extraction with glacial acetic acid was earned out by licepms 
about dOO graiirs of the fresh petafs in contact with this solvem 
in a closed bottle for a month, with occasional agitation; after 
filtration, the residue was further extracted wdh fre.sh acid for 
several days ami again filtered. To the united hltrates, which had 
a ilark red coloni' and faint green fluorescence, were added one-tenil, 
of the volume of alcohofic hydrogen chloride, (containing ]., por 
cent, of hydrogen chloride), and then 2 volumes of other, wherebv 
most of the anthoevanin iiigment was precipitated as a rcddisli- 
brown mass; after being kept for some hours, the proepdate , 
crude anthocyanin chloride was collected, washed with ether, and 

"^"in thete^nd method, IhO grams of fresh petals tvere extracted 
with 96 |.er cent, alcohol in a similar manner to that de.scnbed 
above As observed hv WillstiUter and Bolton, the extraction was 
much more complete than with acetic amd; these authors ak 
state that the alcoholic extract, and the petals ymg therein, become 
decolorised after having remained for some, days. In the presen, 
instance, beyond a slight decrease in the intensity of the red coloai 
of the extract no such decoloration was observed. It s po.ss,l)le 
that the acidity of the ccll-sap is greater in the F*"'" ^ 
of relargo,nnm than in those of ttic variety used by W, Istat ter and 
Bolton, and consequently pseudodiasc formation is retarded, l,ii> 

iioint was, however, not examined. . i i i- 

To the filtrate from the extracted petals 2 per cent, of a col, ok 
hydrogen chloride (containing 20 per cent, of hydrogen e dor, *! 
was added, followed by 2 volumes of etheiq ‘ , 

cipitation of the coloniing matter, as ehlondo. in the form of a nd, 
fiocculent precipitate; this was colleeted. waslied with ether, 

'"''ihe' ptcteitetes'oldaiued by boil, these methods were united, 
dissolved l,v boiling for a short time with methyl alcohol 
2 per cent." of hydrogen chloride), filtered hot to 
^ ^ iiritie' and tiu" filtrate was mixed with one-fifth of its \olui 
^ ’em yd chloric aci.l; on cooling, the anthocyanin 
iondrseparated te bulky masses of slemler needles, which we. 
recrystallised in the same manner, washed 
of cold methvl alcohol, and dried' in the air, .Che h.'on.e.col2^ 
product was at first taken to be caliistephin, a monoglucosid 
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elar^oiiidin, which Willstatter and "Burdick obtained from the 
tals of the purplish-red aster, by reason of the description of 
its crystalline form given by these authors (Annalcn, 1916, 412 , 
[ 49 ) "but on further examination it was readily seen that this could 
liot be the case. 

Identification of ike, Anthocyanin Ohloride. 

{'rysialline Form. — Hair-fine, red needles, which in bulk form a 
Ijronzc -coloured mass when dry (Willstatter and Bolton describe 
their pigment as crystallising in long, thin, red needles) (Hound : in 
air-(h'ied material, loss in a vacuum desiccator at 40 ram. pressure 
- 8'39 per cent.). Willstatter and Bolton found that pelargonin 
chloride, when dried in a vacuum over sulpliiir-ic acid, lost 10-25 per 
cent. (— 4 H 2 O). 

fieJiavionr tvith Amyl Alcohol . — In respect to its distribution 
between aqueous acid and amyl alcohol, the pigment behaves as a 
iiornial diglucoside ; the distribution mindier is brdween 1 and 2 
per cent, (the monoglucoside, callistephin chloride, has distribution 
number 10, and the diglucoside, salvianin chloride, distribution 
tiimibcr 50). 

Bekaviom' on Heating.— 'When heated in a melting-point tube, 
the anhydrous pigment softens at about 173“ and decomposes 
above 180" (anhydrous pelargonin chloride soften.s at 175'^ and 
melts and decomposes at 180°). 

Solubility.— iihe. salt is sparingly soliil)lc in 1 — 2 per cent. 
Iivdrochloric acid in the cold, but dissolves readily on warming, 
forming an orange- rod solution. 

Tlie salt is very sparingly soluble in 5 per cent. Iivdrochloric acid 
in the cold, but readily in the hot, forming an orange-red solution. 
It is slightly soluble in water, forming an orange solution which 
ijuickly becomes violet (hydrolytic dissociation) and eventually 
colourless, due to the formation of tlie pseudo-base. In methyl 
alcohol it is slightly soluble in the cold and easily on warming, 
forming a red solution with a green riuoresceiice (difference from 
callistephin chloride) ; on cooling, the chloride crystallises in slender 
needles. The salt is even less soluble in ethyl alcohol. When a 
miall quantity of tlie pigment is treated with ethyl alcohol, con- 
taining a little hydrochloric acid, tlie filtrate yields crystals which, 
under the microscope, a])pear as stellate clusters of thin, red 
ueetllcs. 

When the anthoeyanin chloride is boiled with a small quantity 
:if 110 per cent, ethyl alcohol and filtered, the filtrate, on cooling, 
iepo.mts minute crystals of the basic cliloridc, wliicdi, under the 
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microscope, appear as small, violet needles displaying a yclienv. 
metallic lustre. 

Behaviour v:ifh Bearje.ni ’^. — The salt does not develop a coloration 
with ferric chloride (ditference from cyanin ehloride), yield.s a 
violet jm'cipitate v,ith lead acetate, sodium acetate, or ealciu])] 
carbonate, develoj^s a violet coloration, ehangmg to grecnish-i’h'l 
and finally yellow, vitli sodium earl)onatc, sodinm. hydroxide, 
aqueous ammonia, decolorises a solulion of sodium hydrocren 
sulphite, the colour being restored by acids, and very slightly 
reduces warm Fehling s solution. 

With the exee])tion of the crystalline form, these properties are 
identical with tliosi* of Will st litter and Bolton's pelargonin chloride ; 
the anthocyari jiigmcnt contained in the jietals of the scarlet pelar- 
goiiium ■' ja tries Kelway " is, theiid'ore, the diglucoside pelargonin 
([lelargonidin [1 mol.] -{-dextrose [2 mol.]). 

of Pflaryouin Chloride. 

It is stated by Willstiittcr and Bolton {Aunalen, 1916, 412, I3:j) 
that if the hydrolysis of pelargonin be carried out under certain 
prescribed conditions, namely, by careful partial hydrolysis wilh 
cold coiicentrat('(l hydrochloric acid, an intermediate inonoglucoside, 
j)eIargouenin, wit! he produced. In the present investigation, no 
attempt was made to obtain this product, as the quantity of pelar- 
gonin chloride availal)le was too small. Complete liydrolysis was 
therefore elTeet(Ml by boiling the glucusidic pigment with 2t) per 
cent, hydroeldoric acid for a short time; on cooling, the sugar-fnt 
]iignieiit s('parat(*(l in reddisli-lirovi n leatiets, which vero wasliol 
with cold 20 per cent, hydrochloric acid and dried in the aiic 

Ideuiiftealiou of ihe Anlhueynnidni Chloride. 

Cry.ylaJliue Fonn.—Tho chloride separates from dilute liydrochlorio 
acid, on cooling, in I’ed talihdw. 

Solubililij.— It is .sparingly soliilile in cold hydrociilovic acid, hut 
dissolves readily when \'.armed, forming an orange-red or red 
solntioii. according to tin' cojicenteation. 

The salt is easily soluble io methyl or ethyl alcohol, formiiig red 
.solutions with a violet tinge; these solutions: are not prcci])it‘tt(d 
by water (difference from eyanidin chloride). 

On i)(‘iiig shalo'ii with amyl alcoliol, an aque(>us acid solution d 
tlie cJiloidde gives up all the pigment to the alcoholic layer. If tin- 
red .solution thus formed i,s shakefr with an aqueous solution of an 
alkali acetate, it will become violet, whilst if shaken with aqueous 
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<(-iflitun carbonate solution, the colour ^vill change to blue anfl pass 
eooiplctely into the acineous layer. 

XIio salt dissolves in water without separation of violet flocks 
((liffcronce from cyanidin chloride), forming a red solution; this 
• . (P^culori^ed on warming, the colour being rcstor(Kl by the addition 
of an acid. 

[‘fhadour wiili Amyl Alcohol— The distribution number with 
I'evjiect to amyl alcohol is normal for a non-glucosidic anthocyanin 
(namely, 100). 

BAiftriour vdtli Kcacjcnifi. — The salt does not develop a coloration 
with ferric chloride (difference from cyanidin chlorhh'), gives a 
hlue precipitate with lead acetate in alcoholic solution, acquires a 
l)!’ie colour with sodium caihonatc, and effects the reduction of 
id'hling's solution to a larger extent tlian does the glucosidic pigment. 

These properties are identical with those of Willstattcr and 
holton's pelargonidin chloride. 

On account of the small quantity of material available when this 
research was undertaken, no attempt was made to isolate the 
vollow sap pigments which may b(‘ 2 )j'escnt in the petals of this 
variety of pelargonium ; this will be made the subject of a later 
])ai)er. 

[Received, October \0th., 1921.] 


\lA—Cklow2)icrin as a Reagent for the Diagnosis of 
Alercapta/ns and Potential Alercajiians. 

By Sir Pkafulla Chandra Kay and Kadhaktshen Das. 

Tim reactivity of chloropicrin towards the mercaptans has formed 
ihe siilqect of a previous communication (T., 1919, 115, 1308). 
It lias heen shown that with the typical mercaptans the reaction 
proceeds as follows 

3R-SH + XOyCCla - -f 3HC1 

at the ordinary tcniperaiiire ; but at higher temperatures the 
reaction proceeds furtlier, nitrous fumes being given off from two 
molecules of the condensed product, thus : 

))G-XOa 4- -I- X.O,. 

In tlie present investigation, mercaptans of divers types have 
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been similarly treated, and it has invariably been found that there 
is no deviation whatever from the reaction given above. 

When, however, potential or imino-mercaptans, for example 
thiocarbamide and its alkyl and aryl derivatives, thioacetanilide 
thioacet amide, etc., are employed in place of real mcrcaptans 
the reaction still takes place, but with a marked difference, sulphur 
being invariably separated and, in some eases, hydrogen sulphide 
evolved. The reactions under this head may, however, be grouped 
under two classes : — 

1. Those in which there is complete separation of sulphur, for 
example, thioacetanilide and chloroihcrin, During the reaction 
copious evoliilion of hydrogen sulphide takes place with the 
separation of sul])hiir and iinally of nitrons fumes. The chlorine 
in the product is partly eliminated by silver nitrate. 

In the ease of diaryl-suhstitutcd thiocarbamides there is com- 
plete sef)aration of sulphur', and the pi'odiiet is a trisuhstituted 
guanidine derivalive, .4s guanidine is a strong base, the hydropeii 
chloride which is in'odueed during the reaction combines with the 
base, with the formation of the hydrochloride. 

When, Irowfwer, one of the sirbstituents is an alkyl group and 
the other is an aryl group, the reaction takes a different course. 
There is complete sejraration of sulphur as in the above instances, 
but no guanidine dpi'ivative is formed. 

2. I’hose in which two or three molecules of the thio-compoiind 
simultaneously lake jrart in the reaetion, of which one or two 
molecules remain intaet and simply behave as imino-mercaplfins 
(by tautomerisation), wliilst the second or tlie third molecule, as 
the case may be. is acted on by one or more atoms of clilorine 
yielded by the elilor'opiei'in, wbieli, in the process, is disintegrated. 
In these cases, tlu' sulj)lnir is only partly, not totally, eliminated. 

Benzylmethyl- and ben/, ylallyl -thiocarbamides come under the 
above catcgoiuv iMonomethylthiocarbamidc, however, deviates 
somewhat from the preceding in that the jwoduct does not contain 
non-ionisablc chlorine, the halogen being prccipitable by silver 
nitrate. 

During the rcactinn between p-chlorophcnylthiocarbamide and 
chloropicrin, nitrous fumes are evolved, that is, the nitro-group is 
detached; the product has the formula Cyi-X 3 Cl 2 S. The possi- 
bility that tile chlorine atom of the chlorophenyi group takes ])art 
in its formation is indicated by an independent reaction. When 
this thiocarbamide is treated with mercuric nitrite, a nitrite free 
from chlorine of the empirical formula (hH^-OgN^S^tlgg is obtained, 
which may be grapliicallv represented as 

' x0o[ig'S-cji4-xii'L'(:xH)'S(:Hg0)'HgN02. 



OF MERCAPTANS AND POTENTIAL MERCAPTANS. 


325 


Thioacetamide, as also thiobenzainide, presents some peculiarities. 
}{ere three molecules take part in the reaction, l)ut only one atom 
of siilphuT is detached ; sulphur is liberated and hydrogen sulphide 
is formed. The latter reduces the nitro-group to the amino-group, 
and the final product has the formula (!7H^4X.iS2. 

1’hc eyidence afforded by etliylenctliiocarl)amide is very inter- 
c'stiir^ This compound may be regarded as derived from 2-thioi- 
\ • o-dihydrothi azole by the substitution of XH! for S; but whilst 
the latter behaves like a real mercaptan (see Expt. 3), the former 
\vould seem to belong to the ketonic variety, tliat is, it is a potential 
mercaptan. Sulphur separates, hydrogen sulphide is formed, and 
the nitro-group is reduced to the amino-grouj), the product having 
the formula CgHj^j-Ni^Clb, 

Experiment a l. 

Potasshm, Salt of 2-T}iiol-o-iItio-4:-phenyl-4: : o-dihjdrO‘ 

1:3: 4r-thiodiazole and Chlorojjicrin . 

The reaction at 50° has already been described (T., 1919, 115 , 
1311); when it proceeds at 100°, nitrous fumes are evolved, and 
bvthe condensation of two molecules of the substance 
[loc.cit.), the compound is obtained along with 

the previous one of m. p. 129°. ITie ether is extracted from the 
mixture with boiling methyl alcohol and purified by recrystallisa- 
tion; it melts at 100 — 107° (Found: C — 43-02; H = 3-67 ; 
S - 41-74. C50H30ON12S18 requires C - 43-17 ; H - 2-16; 

S = 41-44 per cent.), 

Potassium Salt of 2 : o-Dithiol-\ : 3 : 4-ikiod iazok 
and CMoropicrin. 

The reaction at 100° has already been described {loc. cit., p. 1312). 

At the room temperature (30°), the reaction docs not proceed 
so far that nitrous fumes are evolved with formation of the ether 
CgONgSg. The product, after crystallisation from alcohol, melts 
sharply at 152° (Found: 0=10-98; X= 19-52; S = 51-34. 
CgO^NgSg requires C — 17-14 ; X = 19-99; 8 — 51-43 per cent.). 


2-ThiolA : o-rJikydrolhiazok a7id (Sdoropicrin. 

The components were heated in alcolioiie solution under 
reflux for four hours, On cooling, no si'paration of sulphur took 
place. The filtered solution was concentrated, and the crystalline 
mass obtained was recrytitallised from alcohol when white crystals, 
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m. p. 95^^, were deposited (Found: N = 13-21; 8 ^ 46-84, 
CioIIiaOgNiSe requires N = 13-59; S = 46-60 per cent.). 

Potassium Salt of Diihioelhyhne Glycol and Chlowpkrin. 

The potassium salt was dissolved in alcohol and chloropicrin 
added drop by dro]) at the ordinary temperature. A viuloin 
reaction ensued, the temperature rose rapidly, and a yellow nia^s 
began to separate ; co})ioiis evolution of nitrous fumes also took place. 
The mixture was heated under rcllux to complete the reaction, 
and the yellow mass obtaim-d on cooling was filtered, washed with 
alcohol, dried, and triturated with water ; the aqueous filtratc 
contained potassium cldoride. After diAung, the yellow mass was 
crystallised from hot nitrobenzene and obtained as a yellow powder 
sintering at 120° and melting at 123°, In this case free sulphur 
was proved to be absent. 

In another experiment, the reaction was allowed to take place 
at 0°. In this case also, nitrous fumes were evolvixl and the same 
product was obtained (Found : 0 = 28-14 ; FI — 4-80; S* — (w-.n. 
G 14 H 30 OS 12 requires C - 28-09 ; 11 - 5-02 ; S = 64-21 per cent.). 

Pin arolyltk ioca rba m ide and C hloropicn n . 

The parent substances in alcoholic solution were heated under 
reflux for four hours. Xo sei^aration of sulphur took place. Fic 
reaction mixture, after filtration and subsequent evaporation, 
yielded an oil wliich could not be made to solidify (Found; 
C = 43-01 ; S - 1 (h59 ; Cl - S-91 . Ci^li.GO^KsClSa requires 
0 = 44-10; S - 15-80 ; Cl = 8-71 per cent.). 

Ethyl Mercapfan and Ch.hropicrin, 

The coinponenl.s in alcoholic solution did not react when iieatcd 
under reflux or in a sealed tube at 100 ". AMicn the tempi-ratuie 
was raised to 220— 240C a minute quantity of a white snbstancc 
was formed, which was not soliilde in carbon disuljdiide, lowing 
that sulphur liad not been eliminated, As the product could Jiot 
be obtained pure, no definite composition could be assigned to it. 

Potent i a I Mercaptan s. 
pEdilorophenylthiocarbamide and Chloro2}krin. 

The reacting substances in alcoholic solution were heated under 
reflux for fi\'e hours. Nitrous lumes were evolved and sulphur 

* Sulphur was cslimaled by fii^iun itJi potassium iiiLruto and sodium 
carbonate j hence a slightly high percentage of sulphur was sometimes muiid. 
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separated. Tlie iiiother-Iiquor, on concentration, gave white 
crystal^:, which were washed with carhon disulphide and recrystal- 
li.sVd from alcohol ; the product melted at 245— 24G'" (Found : 
C - 42-33; Cl - 28-22 ; S = 11-90. C.H^XgCl^S requires 
p — 41-53; Cl = 27-31 ; S = 12-31 per cent.). 

'the compound obtained from p*rh!o[‘ophenylthiocarbanikhj and 
mercuric nitrite had the formula (CHgOsX^S^Hgg (Foinid : 
(;^9-2C; H = l-G4; N = 5-87 ; Hg = 67-37; S - 7-24. Calc., 
P^(j, 44 ; H-.0-07; X = G-29; Hg = 07-42; S = 7-19 per 

cent.). 

TliiomrhamUfh and CMoropkrin: 

Tlic comjjonent.s in alcoholic solution wore heated under reflux 
for three liours. 14ic liquid assumed a yi-llow colour and sulphur 
separated. After being eooled, filtei-eti, and eoncentrated, the 
alcoholic luothcr-liquor yielded a sciiii-solid ma.s.s, which was 
ua^llc(l with ether to remove tarry matt('r and with acetone; the 
dightly discoloured, white residue, after reci-y.stallisation from hot 
water, formed ghslening, white crystals, m. p. 252" (Found; 
C = 69-7G; H - G-75; N - 13-23; Cl IMS. CjJIj.XgCl 
requires C = 70-47 ; H ~ 5 -50; X 12-98; Cl — 10-97 pi-r 
cent.). 

'ii-Diioly}lJLiO€arham\dc and Chlowpicrin . 

Tile method of preparation and ])m'ilieation was the .same as in 
tile previous ease. The product melted at 230'" (Found ; (' — 72-3S; 
H - ■ 7-(iG; (T 10-12. (MH.^Cl requires C = 72-23 ; H ^ 6-57 ; 
Cl — 9-71 per eent.), 

The reaetion between chloroiiierin and the following compound.s 
ill alcoholic solution lias also been investigated. Sulphur separated 
in every ease : in addition, with thioaeetanilide nitrous fumes 
were evolved, and with thioacetaniide hydrogen sulphide was 
produced. Ine products are (-a idently eumplex, and their precise 
nature has not yet la-i n determijicd. They are as follow ; from 
nictliylthiocarbamide, a hydrocliloride. eolourlcs.s, shining crvstals, 
ni. p. 222" (Foiind : (' = 25-53; H = (r70; Cl — 19-10; = 17-19; 

-V 29-99. (^HjjX/TS ix-quin-.s C - : 26-3 ; H = 0-03 ; CT — 19-45 ; 
>--17-54: X = 29-!Kl per cent.); from allylthiocarhamide, a 
goidcn-vLilow oil (Foimd : C-^ 38-39: (i -^13-79: 8^12-58. 
C^li,,()^X'^C]S n'fjuii-es C = 38-48 ; Cl 14-20; 8 ^ 12-80 per 
^'(^ut.j : from benzylallylthiocarbainide, an oil (Found : C -- 57-33; 
H — U-91 ; Ci-'-9-G4, 8— .8-11. CjjHoQOjXgCiS requires 

0- 58-53: H = 5-13; Cl = 9-11; 8 = 8-22 per cent.); from 
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benzylmethylthioearbaniide, a substaiioo, m. p. 176—177'' (Found ; 

C = 56-56 ; K =- 6-20 ; S ^ 8-81. Ci^HigOaNgOkS requires 

C = 56-27 ; H ■- 4-97 ; S = 8-82 per cent.) ; from ethylenethio. 
carbamide, a substance crystallising in plates, m. p. 270° (Found : 

C - 34-79 ; H = 0-40 ; N 27 07 ; Cl = 17-95 ; lo OS, 

Cgllii^qClS re(iuires C - 31-87 ; H - 5-33 ; N == 27-12 ; Cl -- 17-19; 

S = 15-50 per cent.) ; fj'oin tbioacetainidc, colourless, silky needles, 
m. p. 103° (Found : N 25-62; S - 29-56. C 7 H 14 N 4 S .3 re(pures 

25-69; S ~ 29-36 per cent,); from thiobciizamide, a sub. 
stance, m. p. 8 S''' (Found; C — 66-01 ; H — 4-60; N — 13-20; 

S ^ 16-87. {V,H,„N 482 requires C -- 65-34; H = 4-97 ; N ^ 13-86; 

S= lo-85 per'cent.); from plienylallylthiocarbamide, a golden- 

yellow oil (Fomid ; C = 68-55; iN = 11-13, Cl — 14-61. 

C 44 H 47 N 2 CI requires C - 67-59 ; N = 11-27 ; Cl - 14-29 per cent.); 
from thioaectaiiilide. colourless, shining plates, m. p. 186 18)' ' 
(Found : C - 54-03 ; H - 6-71 ; 2s - 11-38 ; Cl - 28-30. 

Ci 4 lIi 4 X, 2 Cl 2 requires C ^ 53-87 ; 11 = 5-71 ; N ^ 11-42; 

Cl = 29-00 per cent,) ; from thiocarbamide, an oil. 

Summary. 

Seventeen typical thio-eoiiipoiinds have been subjected to 
investigation. Of these, five ai’p known to be real mercaptans, 
and the rest as potential ones. In not a single instance has it 
been found that there is separation of sulphur in the ease of real 
mercaptans, whereas sulphur is either partly or completely eliminated 
from the potential ones. Chloropicrin may, therefore, be safelv 
used as a reagent for the diagnosis of mercaptans and potential 
mercaptans respectively. 

CuEMiC-^L Laboratory, 

UNIVER.SITY College or Sgiexce, C.'lLCUtta. 

[Received, October ZOth, 1920 ] 


XLll.—The XitmUon of m-Nitrotoluem. 

By Oscar Lisle Be.\dy. 

In a note on the nitration of toluene, Giua {Gazzdta, 1921, 51, 
ii, M3) takes exception to a statement made by Taylor and mysel 
(T., TJ20, 117, 876) and repcatsd by Drew (T., 1920, 117, IWo) 
to the effect that Holinari and Giija (^. yes. Schieii-S‘U. S'prenifdojjiij^ 
1914, 9, 239) considered that the trinitrotoluene they isolated 
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from tbo oily residues obtained in the purification of commercial 
trinitrotoluene and melting at 79'5°, was the 2:3: 6-compound. 
Gina points out that although there was some suggestion at that 
time that it might be this, then unknown, isomeride, or else 
2 ; 3 ; O'trinitrotolueiie, this view was subsequently abandoned. 
In his book “ Chimica delle sostanzc explosive ” (1918), he follows 
Will {Ber., 1914, 47, 704) in considering that only the 2:4: -6, 
2 : 3 : 4-, and 2:4: 5-trinitrotoh]enes are fotaned in the nitration 
of toluene, and he now accepts the suggest i(jn of Taylor and myself 
{Joe. cit.) tliat the substance melting at 79-5^ was an additive 
{■(unpourid of 2:3:4- and 2:4: o-ti’inilrotoluenes. It is due to 
Professor Giua to explain that reference' was made' to tlie early 
paper as containing the first mention of the possilhlity of the 
presence of 2:3: 6-trinitrotoluene in the nitration products of 
toluene, and that it was not the intention of tin* autliors to convey 
tlic impression that the statement referred to represented his present 
views. 

Drew {lor. at.) showed that Will's conclusions that 2 : 3- and 
2 : o-dinitrotolucnes gave on nitration only the 2:3:4- and 
2:4; 5- trinitrotoluenes respectively were not correct, as the 
2:3: 6-(or 2 : o : 6-)isomeride is also produced in each case. Giua 
contests the accuracy of these results without, however, adducing 
furtlier experimental evidence, Drew employed in the separa- 
tion, hydrazine hydrate, which acted more readily on the 2:3:4- 
atid 2:4: 5-isomeridos and removed them as rlinitrotolylhydrazines. 
Giua questions the soundness of this method and maintains that 
.since 2:3: b-triuiirotoluene also contains, from theoretical con- 
siderations, a mobile nitro-group, it would react with hydrazine 
hydrate; further, because 2 : 3 : 4-trinitrotoluene reacts but 
slouly compared witlt the 2:4: o-eompound with p-aminoaceto- 
phenone, he assumes without experimental verification tliat it 
uonid not react very readily with hydrazine hydrate, and suggests 
therefore that Drew's com]K)imd was probably the 2 : 3 : 4- (m, p. 
112^), and not the 2 : 3 : 6-trinitrotolueiie (m. p. IID), although 
Drev found that it did not depress the melting jioiiit of the latter. 

ft has already been jioinled out by Kdrner and Contardi {Atti 
B. Accad. Lincei, 1916, [v], 25, ii, 339) that 2:3: 6-trmitrotoluene 
behaves abnormally with ammonia and that the 3-nitro-group is 
not so readily replaced as might be expected, and Bowman and 
iu}fcelf (T,, 1921, 119, 894) commented on the abnormal behaviour 
of thi.s compound with hydrazine hydi’atc. Giua [Gazzetta, 1919, 

I ii, 166) and Bowman and myself have showm that hydrazine 
i^drate reacts with 2:3:4- and 2:4: 5- trinitrotoluenes to give 
the corresponding dinitrotolylhydrazines. 
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In orrier to decide the point at iss^uc, a number of further exp^ri. 
monts have been made. The action of hydrazine hydrate :vjth 
one inoleculnr proportion of the three isoincrides in cold alcoholic 
solution has been studied. In tlic case of the 2:3:4- uiul 
2:4: 5-coini)ounds, within lialf-an-hour a large precipitate of the 
dinitrotoly) hydrazine had formed, in the ca.se of 2 : 3 : 6-trinitro- 
toluene no pi’i'cipitate had formed, and on acidifying and diluting 
the. solution almost the whole of the uitro-compound was recovered 
utichanged. woiSitrotoluene was nitrated to the mixture of 2 : ip, 
2 : d-, arid 3 : 4-dinitrotoluenes (compare Brady and Gibson, T,, 
1921, 119 , 09), and as much as possible of the 3 : 4-dinitrotoIuene 
frozen out {Sirks, Bee. frav. chim., 1907, 27, 208), as this cannot 
3 deld the 2:3: G4rinitrotoluenc. The remaining oil was tri- 
nitrated and after Ava.shing allowed to crystallise. The mixture 
of trinitrotoluenes obtained in thi.s way and consisting mainly of 
the 2:3:4- and 2:4: o-compoiinds ^\as washed ^vith cold alcohol 
to remove the eut('ctic of 2 : 3 : 4-, 2 : 4 : d-, 2 : 3 : 0- trinitrotoluenes 
and unchanged dinitrotoluenes. Part of the alcoholic solution 
was evaporated and the oil re-nitrated to ensure absence of 
unchanged dinit rotoluene.s, and d grams of the mixture thus 
olrlained were dis.^olved in 100 c.c. of warm alcoliol and the solution 
was cooled to 30“\ when 2 ~) grams of a dO ])er cent, aqueous solution 
of hydrazine hydrate diluted with 10 (‘.c. of alcohol were added, 
A deep red coloration occuM'cd. whi"h shAoly lightened, red cry.'tab 
beginning to sej)arat(\, and the t('nnieratu)'e rose to 32". After 
thirty minutes, the mixture was Jiltcred, and the filtrate, on leaving 
for an liour, deposited yellow eiystais which nnd(‘r the iiiieros(‘o])e 
Mere found to consist of almost colourh'ss crystals mixed with 
the characteristic red crystals of the diuitrotolylhvdrazine. (Jn 
crystallisation from alcohol, almost <a)lour!e,s.s ery.stals were 
obtained of what was undoubtedly 2:3: ti-lriiiilrotohiene (Found; 
X = 18'7. (.ale., X - iS’d per eeiil .). This melted, alone, at 
j iO -lir, mixed n ith 2 : 3 : 4-trinitrotoluene (m. p. 112'), at 
about SO', and mixtal wit!) a sp(T;imeii of 2 : 3 : O-lrindrotolucne 
luepared syntheiieaily. at 110— ill'. The com})ound gave 
identical colour reactions with acetone and ammonia, and acetone 
and sodium hvdro.xide as the 2:3: 0-trinitrot(ducne, which are 
quite distinct from those of the 2:3: 4-isomeride. Ify diluliug 
the motlier-llquor from the lirst crop of crystals, a further (|ii:mtiTy 
wa.s obtained rath.er badly contaminated with dinitrotolylhydrazine. 
Tlie latter compound can be removed as a soluble nitrate by 
treating tlx' crystals with cold 70 per cent, nitric acid, and diluting- 
In the separation it is necessary to ensure that there is not an 
excess of hydrazine hydrate, which at higher temperatures reacts 
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with the 2:3: 6-trinitrotoluene, but it sccniiH that in a mixture 
of the three isomerides the 2:3:4- and 2:4: o -compounds react 
[.ivfereiitially with the reagent. 

^(‘paration of 2 : 3 : 6-trinitrotolueno lias also been achieved by 
tivatnienl of the mixture with aqueous sodium sulphite for a 
limited period and recrystallising the ro.sidue three times from 
alcohol. 

Although the method of separation employed above differs in 
.>ome details from that of Drew, his eonleiilion is confirmed that 

; 3 : 4-, 2:4:6-, and 2:3: G -trinitrotoluenes are formed by the 
nitration of 'w-nitrotolueno. 

The RALrii Forster T.ap.oratory or Organic Chemistry, 

University' CuixEGr:, Lonoon. 

Fchniarij Uth, 1922.J 


XLITT. — The Use as a Drying Agenl of Phosphoric 
Oxide treafed xvilh Ozone, 

By John Jou Manley. 

Di'rixo some preliminary experiments witli two McT.eod gauges 
cunstrueted for measuring very small gas ])r(‘ssures, it was found 
iR’cessaiy to direct spf'eial attrition to the way in wliich phosphoric 
(jxide usc<l as the drying agemt eomporti'd itself. The proVdem, 
at first sight comparatividy simple, proved on investigation to 
he difficult of solution; the ditlieulty arose, not from any intrinsic 
cause, but was rather the result of an intimate association of the 
prolilem with two other, s of a cognate nature to l)e dealt witli in 
a further communication. 

It is well kiiouii that hy distilling phosphoric oxide in the 
presence of exygen and s})ongy iplatinum, a product having a 
very high tiegree of purity may lie obtained, but the process is 
admittedly lengthy, tedious, and eostly ; and tiiis is markedly so 
when considerable (piautitic's are reipiired: moreover, it is by no 
means ea.sy to olitain the purilied enmpound in the light, powdery 
form so essential for jiorfect and rapid drying. But wlicn phos- 
phoric oxide is used for drying gases, it need not be chemically 
pure; the roquinuuonts cd the physicist are fully met if two con- 
ditions are complied with. (1) The oxide must be free from all 
substances having tneasurable’vaponr pressures; and (2) impurities 
which, by reacting with water or mercury vapour or with the gas 
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that is being dried, give I'iae to gaseous matter of a kind other than 
that wliich is under observation must be removed or changed 
ifito harmless products. 

In order to investigate the matter somewhat fully, samples of 
the purest pliosphoric oxide obtainabk were at various times 
purchased from different firms. All the samples were found to 
contain phosphorous oxide. Tn six samples the amount varied 
within the limits of 0-43 and 1-OG per cent. ; but a seventh sample 
(a) was so iK'arly fr{‘r from ])hosphorous oxide that, when tested, 
many hours elapsed l)efore a faint cloud of mercurous chloride 
appeared, and on evaporating an aqueous solution, no hydrogen 
phosphide was detected. Koiir of the samples were chosen for 
comparative expermumts, but befoi'e the experiments were carried 
out three of tlie sam])les wc-re purified. One (K^) was distilled 
in the ])rcsenco (d o.xygen and spongy platinum; two others 
(K^, K;^) were freed from iujTirious impurities by the method des- 
ci’ibcd below; the fourth (a), eoidaiuiug the trace of phosphorous 
oxide already alluded to, was used as received. 

Purijicafion of the Samples K., and /vg.— These two samples 
were rendered eminently suitable for drying gases by proceeding 
as follows 

A U-tube (subsequently used as a drying chamber) was loosely 
filled with the oxide, and the inlet and outlet tubes were lightly 
plugged with asbestos fibre; the U-tube was then set up within 
a small air-bath, and an ozone generator was attached. Next, 
the temperature of the bath was slowly increased while a con- 
tinuous stream of air, ])r('viously freed from aqueous vapour and 
carbon dioxide and ])owerfully ozonised, was passed through 
the charged tube. During this period the escaping gas was 
frequently tested with polassium iodide and starch, and when it 
was found to be highly and continuously charged with ozone at 
the temperature of 3U(}' or rat lie r rnorc', it was concluded that 
the purification of the oxide iiad been accomplished. The 
behaviour of the iiupuritic.'^ in the two samjilcs may^ here be noted. 

Sample K.y . — .\t all temperatures below KiO^ there was no 
appreciable diminution in the (jiiaulity of the escaping ozone, 
but from that ])oint u]n\ards tlu' presence of ozone became le.ss 
and lc.ss marked until, at 17-V, it was entirely lost, On temporarily 
reducing the temperature to 170q traces of ozone were again 
detectable. The temperature of the liath having again been 
raised to the higher \ alne of 17o', a continuous stream of ozonised 
air was maintained. After the expiration of twenty-five minutes, 
the indicator show'ed that ozone had reappeared in quantity, and 
it was therefore concluded that sojnc impurity (p 40 (;?) had now 
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been fully oxidised. At this stage of the experiment a white, 
crystalline deposit was observed in the projecting part of the tube, 
and this on analysis proved to be pure phosphoric oxide. When- 
ever phosphoric oxide, rendered impure by the lower oxide, is 
treated in the way described above, similar deposits are invariably 
produced, and the more marked the impurity the greater is the 
quantity of the crystalline deposit. Finally, on raising the tem- 
perature of the hatli, it was found tliat throughoTit th(i whole 
ranjie 175—303° ozone freely escaped from tl^e lioate<l oxide; 
whence it appears that all oxidisable impurities W(U‘e comjdetely 
satisiied with oxygen at the lower temperature of 175°. The 
purified compound was sul)H('(|ucntly (examined for ])hosphorons 
oxide; its acpieous solution remained for liours quite iinaileeted 
botli l)y silver nitrate and also by mercuric chloride. 

Sample A 3 .— This sample contained foiaugn inatter calculated 
as 043 per cent, of pliosphorons oxidee When luxated with ozone, 
the behaviour of K 3 differed from that sliown by IW- Three dis- 
tinct stages of oxidation wore noterl ; tlie.si' occurred within small 
ranges of the respective temperatures 147', 107°, and : 120 °. Each 
stage, although of brief duration, was siiarj)ly defined . 

This second purified sample, when examined for phosphorous 
oxide, was, like K^, found to be free from that impurity. 

The oxidation of impurities as outlined above is easily effected, 
and the method involves but little attention or skill. The phos- 
phoric oxide retains its loose, bulky form, and, other conditions 
being equal, a gas in contact with it is therefore most quickly 
dried. Also there is the added a(i\an(age (hat the punlied com- 
pound, being already in situ, is not subsequently and of necessity 
exposed to the dampness of the air. To determine their efficacy 
as drying agents, the four samples of oxide Avere severally examined 
as follows. 

Sample, t . — A dryiiig chamber was charged with tlic oxide and 
then fused to a tube leading to a S})reugel pump and afterwards 
highly exhausted, and in order to effect a very complete removal 
of aqueous vapour from the internal surfaces, somc^ weeks were 
allowed to pass before accurate nieasuremenls of tlie gas pressure 
were made, but during this [)eriod the punq) was almost daily used. 

When the oxide had been in the apparatus for fourteen weeks, 
the gas (air) pressure was reduced until the value as determined 
hy the attached McLeod gauge was (>0(1017 liirn,, then, leaving 
the pump at rest, mea.surements of tlie steadily growing gas 
jjressurc p were carried out during suceossi\'e days. On the ninth 
day, p ~ 0-00181 mm, ; the increase in p was therefore 0-00174 mm., 
a mean daily rate of 0-00019 mm, After the conclusion of the 
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first series of observations, the pump was again brought into 
frequent use during another five weeks, and then a second series 
of daily pressure readings carried out, Starting with p ~ 0-00041 
mtn,, the value had by the eighth day become 0-00133 mm., 
difference being 0-0001):^ mm., which equals a mean daily rate of 
O-OOOilo mm. Proceeding as before and making frequent use- of 
the pump during an additional seventeen weeks, a third and final 
series of observations, also extending over eight days, was obtained, 
In this last series of experiments with sample a, the initial and 
final values of p were respectively 0-000G8 and 0-00123 mm.; the 
growth in p \^as tlierefore 0-00055 mim, and this equals a mean 
dailv rate of 0-00007 mm. The final rate observed is 2-5 times 
smaller than that obtained in Series 1 f. 

Samples and /v^.—The chambers containing these two 
samples of purified oxide w(M'e fused to separate pumps, and high 
vacua produced and maintained within them for many weeks; 
then, leaving the pumps at rest, the residual air pressures, p, were 
measured once on each of nine successive days. It was thus found 
that the nu^an dail}' growth in p equalled 0-000031 mm. for K.,, 
whilst that for K3 was O' 000034 mm. 

Concluding experiments, calculated to throw light 011 the 
behaviour of sample as recorded above, were at this jiinctiire 
carried out with phosphorous oxide newly ])repared by ’riiorpt 
and dhitton's method : th(‘.-<c 1 now describe. 

Phosphorov^ Oxhk- \ drying chaml)er was elmrged with llie 
oxide and fused to tlie pump, which still retained the purilied 
])tiosphoric oxide and the whole apparatus was exhausted 
as i'ai)idly as possible. The fall -tube of the pump was quic-ldv 
stained, and ii^ consequence of this the reduction of the gib 
pressure p was a matter of dillieulty. ami some twenty houis 
elapsed bebuv tlie clicking sound so cbaT'aetnristic of the approach 
to a high vacuum was heard. On arresting the action of the piimi) 
at any time during the iirst days of the e.x]mriments, p incrcasid 
with almormai rapidit\', and thi.s iad suggested that a conliniioib 
formation of gas was taking ])lac(‘. Ikxact measurements made 
after the ex{)iratinn of thrc'c days sfiowcd that p was incroadr^ 
at the mean daily rate of ()-0l0() mm. By using the puiii|) fm-ly 
during a period of snx v-eelcs, lliis rate was reduced to 0'Ul)4 imu.: 
and similarly during an additional two weeks, the jiieaii daily 
rate was reduced to the small value of O-00U3S mm. 

Before discussing the re.-ults, I would disarm })ossible criticise 
by reminding chemists tliat no claim is hero ])ut forth for chcuuc-al 
purity; tlio^e desiring '■chemically pure” phospliorio oxidi- will 
set about the task of preparing it in some other way. The point 
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■hicK I desire to stress is that although i?i this instance ohetnical 

rh\' of the highest degree was not attained, we yet do hy the 
liu'tli'od adopted for purifying samples K^, K. secure ])ossessioti 
(,f pliosphoric oxide the purity of which is such that when the 
.^bstance is used for drying hydrogen, oxygen, nitrogen, air, or 
iu'liuiii (all of wliich have been critically tested during the past 
ti'U or twelve years), no measurements of a purely physical character 
.iibsequcntly conducted with those gases are in the least degree 
likelv to be aftected; and this iadng so, pliosplioric oxide pnril'ied 
liv ozone fulfils in each of the cases cited above the requirements 
4 the physicist. 

tVe have seen that, in the presojiee of })hosphorou3 oxide, 
reduction in the pressure of a gas is difticult ; and that with the 
Htainmeiit even of a moderately liigh vacumn, on bringing the 
to rest, the growth in t)ie pressuic p acquires an abnormally 
hitrli rate, and, further, that although this rate decays, it persists 
for weeks. The execptioiial increment for p is, however, under- 
stood when we remember tliat the interaction of aqueous vapour 
i\ud ffiaed/ divided pliosj)horoii,s oxide such as w e used results in 
the readv formation of hydri^gen phosphide. iNow tire formation 
(if til is gas proceeds at the greatest rate when the aqueous vapour 
present is a maximum quantity, lliat is, diu-ing the earlier stages 
(if drying. With the complete rtunoval of aqueous vapour by 
Ijlies])horic oxide, the production hydrogen j'hosphide necessarily 
{f'rniiiiate.s, and so from this time forth (he attainment of a higii 
vacuum is a possibility. But since tlic Ijuiiing point (I73“) of 
pliosphoi'ous oxide is not itigii, tlic va))(viir }!rcssure even at the 
(irdinary temperature mn.st ho appreciable, and therefore when 
the lower oxide i.s present in the dining eltambcu', it will be impos- 
siiile to eslahlish vacua of the highest ortkac The truth of thp.se 
remarks receives eoutinuation from the results of the experiments 
with .sample % cited abovie But in addition to the disturbing 
bu-tor introduced by hydrogen [ihosplnde, a seecindary and one 
nf even more importance arises irmn the appcamiKU' of free 
Iwdidgcu. An analysis of (he dark siilmtance nunoved from the 
fall-tube of the Sprengcl pump revi'aled the }>nwder as mercury 
jihuspliide ; this .substance was in all pjviliability forimul in accord- 
aiu'c witli the equation 

'im., 3Hg - ;iK, T Hg,l\. 

It therefore follows tlmt dining (lie rvaetifui between hydrogen 
piuisplude and mercury there were substituted 3 vols. of hydrogen 
fur 2 vols. of liydrogei) jdjosjdiirie, and in eonseqiienoe of this the 
pres-surc was still furtlier augmented. 
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in confirmation of the above interpretations, the following two 
experiments are cited. 

Experiment 1. — After the whole apparatus had been cleaned 
dried, and exhausted, a very small quantity of hydrogen phosphid,. 
obtained from pure phosphonium iodide and subsequently puiifiod 
and dried, was introduced. Using the McLeod gauge as thougli 
we were about to ineasurt: a gas pressure, the bulb and most of 
the capillary tube were charged with mercury; the cistern 
then lowered and when the inercnry had left the gauge the whole 
interior surface was found to be covered with a highly unifom-j 
film having a golden lint; this liiin extended upwards witliii] 
the capillary tube to the highesl, ]ioint readied by the merc-iirv 
but not beyond, From the conditions under which the film of 
mercury [)boRphide was formed it was concluded that electrical 
charges, produced l>y the frietion between the mercury and the 
gla.ss, initiated the chemical cliange. Holding this view, I wa:; 
led to try the following experiment. 

Experiment 2 .- — A clean dry tube was chargcwl with juire iiien^urv 
and set up as a barometric column ; some hydrogen phosj>hi(l(‘, 
prepared a,s for experiment 1, was then introduced, and the volume 
of the gas under normal temperature and pres.sure dcterniiucd 
A clean iron wore having been passed up through the coliiniii of 
mercury, the upper end of the tube was fitted with a tin-foil cap: 
the ware and the cap were then joined to an induction coil, and 
a glow' discharge was set up within the hydrogen phosphide. 
The volume of the gas at once began and continued to increase 
steadily, and at the same time a golden, iridescent film appeared 
within the tube; the general appearance of this film w'as similar 
to that of the film obtained in the McLeod gauge during experi- 
ment 1. When the volume of the ga.s had increased by 15 per cent,, 
the tube wa.s pierced by the discharge and the experiment abruptly 
terminated, but as the available evidence was now sufiiciently 
complete, no repetition of the experiment was napiired. The liim. 
when subjected to analysis, was frmnd to be, as expected, mercury 
phosphide. 

On reviewing our data in the light of the e\'ideiiee adduced, it 
is at once apparent that although the sample of oxide a contained 
but a mere trace of phosphorous oxide, yet even so its quality 
as a drying agent w’as markedly affected, and when the oxide 
finally tested after a lapse of thirty-six weeks, tlie daily growth 
in the pressure on arresting the action of tlie pump ^vas still some 
ten times greater than would probably have been the case if the 
oxide had previously been treated with ozone. 

With regard to the two samples, Kg, Kg, w’hich had been snh- 
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jccted to the influence of ozonised air, their superiority over the 
utipuriliefl sample of oxide a is at once revealed by comparing the 
respective data {vid& supra) for tlie three several samples. Con* 
(rasted with phosphoric oxide piu’ifi(?d l)y distillation in oxygen, 
(he ozonised oxide is sometimes found to absorb aqueous vapour 
more rapidly than the sublimed compomid; this, however, appears 
10 happen only wlien the latter in c(»ndensing forms a somewhat 
(.oinpact m<ass with a more restricted .surface; apart from tliis, 
(he two modes of purification yield phosphoric oxide id(mtica1 in 
merit as drying agents. 

In conclusion, if may be remarked that as the various experiments 
were comparative and differential rather than absolute, the slight 
(■fleet oil the increment in the pres.siircp following an attenuation of 
the gas skins upon the internal surfaces of the apparatus has not here 
bmi taken into account ; such a course being obviously unnecessary. 

DATfiENY Laboratohy, 
ttAGDALEN COLLEGE, 

Oxford. (A'cce/rec/, ^•iove.mhe.r 2i>th^ 11)21.] 


XU\.—The System Ferric Oxide—Sulpkuric 
Acid— Water. 


Ky Malcot.m Percival Applebev and Sidney Herbert \Vit-ke.s. 


The sulphates of ferric iron— acid, normal, and basic— have been 
the subject of many investigations, fidic normal sulphate occurs 
naturally as the mineral coquimbite, and several different mineral 
basic sulphates have been described, of which the following may 
be mentioned ; — 


Mysite, 2Fe203,.'5S03,12HA) (Moksan, Trait e de Chim. Min.,’* 

IV, 37*)]. 

Pihroferrite, 3FC2O3,, 580,3,271120 (Rose, Foyg. Ann., 1832, 27, 
315). 


Apatehle, 3^6203,0803, 2H2O (Meillet, Ann. Min.. 1841, 3, 808). 
Paimondite, 2 1< 6203,3803,71120 (Breith, Fcrg. Hid. Zfg.. 1866, 
25, 149). 


lllohmanitc, 2Fe,203, 3803,151120 (Moissan, Xraite," IV, 375). 
Oarphosiderite, 4Fe203,5803,13ll20 (Breith, Sch. J., 1827, 50, 


In addition, stuielieiomcti'ic .formuhe have been given to a very 
large number of reaction produces, such as those which separate 
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from commercial nitrate of iron mordatit in the absenee (,] 
sufficient free acid. Cameron and Robinson (J. Physical Ch(:r,^' 
1907, 11, 641) have shown that products obtained in this 
iiave little claim to rank as chemical indi\ iduals, since they aj- 
mixtures the coinpo.sition of which depends on the exact conditiop; 
of their preparation. 

Investigating the system RedJg-SOg-H.O by the SchreinemakcT; 
“ rest ” method, wliicli alone is able to give certain informatior. 
as to the composition of tlie solid phases, Cameron and Robinsorj 
were unable to ol)tain e\ ith'uce of the existence of any defitiitf. 
basic ferric sulphate, all the ])roducts on the basic side being solki 
solutions of ferric oxide (or liydroxid<') in the normal sulphate or 
j)erhaps in a crystalline basic sulphate which could not be identifiKl 
owing to the ferric oxide always conlained in it. 

The conclusions of Cameron and Robinson are in some importaiir 
re.spects oj)])OScd to the data of Rccoura Chim. Phys., Tjiip 

[viiij, 9, 263), as tlic following table show.s 


Ciunoroii and Hobijisun. Recoura.. 

Acid 1<\',().„4S();,,10HX) Foo 03 .tSO,dii: o 

^'oI■^Mal F(C0';,.:i!S0'.,.Ki}TO 

t d (uiic foi'jri onl’i') ' (two isomeric fnj'uis| 
Basie None " OlFopj.aSOahFc/LAcj. 


Thus the evithaua' of Ihe most careful work on this suhiret is coti- 
llicting in respect of 

(1) the hydration of both tlu' acid and the tiornial salt ; 

(2) the existence of isomeridcs of Ihi' normal .salt; and 

(3) the existence of a dclinite basit' com])oimd. 

It was partly with a view to clear up some of these discrepaiK-in 
that a further examination of the solubility rclal ion.ddp.s of ferrir' 
oxide in sulphuric acid solutions was umlertaken, the results of 
wliicli are now presented. 

The authors also had in mind the inve.d iga1 ion of a product, 
believed to bo a basic sulphate, obtained during the war in t!i" 
manufacture of nitrate of iron '' ]’U)rdanl from nitir-cakc 
copperas. When ferrous sulphcati^ is oxidised with nitric and 
sulphuric acids in the maniifactuie of this mordant, it is found 
that tlie introduction of any cunsidei';d>lc quantity of sodiimi 
sulnlnite leads to the i)recijntation of a largo proportion of tlic 
iron in the form of a finely divided, comparatively imsolublc powder 
a circumstance which makes tlic use of nitre-cake for this process 
impo.ssible either in the original jirejuii’ation of the ferrous sulphate 
or as a substitute for sulphuric acid in the oxidation. Repetition 
of this reaction in laboratory experiments soon showed, iiov’ever, 
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tluit the product was not the expected basic sulphate, but an acid 
sulpliate; the composition determined by analysis was 
Fe^03,3’97803,A{j. 

As the product appeared to be identical witli the acid sul]diate 
investigated by Recoura, it was not considered that further ex])cri- 
(uciits in presence of the sodium salt would contribute anything 
Ilf value to the investigalion. Attention was tliereforo dii'cctcd 
to the repetition and extension of Cam(u;on and Robinson's phase- 
rule ineasurements. ihc chief poiiits in which our measurements 
diiler from those of Cameron and Robinson are 

(1) in the investigation of the system, not only at 25'", but also 
at a lower temperature, 18" ; 

(2) in a more detailed study of the curves so as to identify the 
-olid phases with luore certainty. 

Mak rials. --Tha water amd suli)hurio acid used were the ordinary 
pure materials of the laboratory. During the course of the research 
two dilferetit supplies of ferric suijdiate weiv made us(' of 
(ii) a line, pale-ycllo^v, microcrystalliiie ferric sulphate obtained 
from de Haen as chemically pure, whic-h on analysis showed the 
presence of only iron, sulphuric acid, and water and correspoirded 
with the formula Rt\,O3,3'03SO.,,7-7GH.,O. 

This product was probably tin; heptalrydrate of the normal 
sulphate containing a little free acid together with absorl)ed water; 

{/>) a very similar product olAained from i\lessrs. Drillirn equally 
five from impurities but containing slightly more free acid. Its 
eniMpo.sition was re20;j,3‘U(i803,7-5.3H20. 

It is signihcaiit that hotli these Ldls, reaciioii products and 
apparently very pure, contain less than eight but inore tlian .seven 
inolocules of water. Attention will be directed to this point again 
when the phase-rule diagrams shah ]»e luider di>cusAon. 

The preparation of a suitable ferric oxide or hydroxide for the 
investigation of the ba^ic side of the curve pre^.'-ented great difli- 
ruJlies. A pure product may ijo (jbtained by the igniUon of the 
rccrysUdliscd nitrate, but, unfoilunately, the ignited i)xide becomes 
very insoluble and requires a v ery long time to c(unc D; ('quilibzium 
subsequently in the stirring- bottle. On the oilier hand, jmeciphated 
erne hydroxide cannot lie retained in a cixstalline condition if 
washed free from electrolyte, and rn pi'actieiu therefore, ail methods 
wasliing on lilter-juiper or by decantation fail wlnm ajiplied to 
condderabic quantities of mati'ilal. The um' of a solution of 
unc .mlpliate itself as wash-water was tried, since the presence 
tome sulphate in the jtroduct would luu e been iinobieetionable, 
-'ut tins device ])roved of no value owing u> ihe faet'ihaJ ibrrie 
'iwc Ls quite considerably soluble in such solutions. Success 



340 


APPLEBEY AND WILKES : THE SYSTEM 


was finally attained by the method set forth in the foUoMhiir 
paragraph, and all the ferric oxide used in this research 
prepared in this way. 

When a boiling, very conceritrat.ed solution of ferric suljiha^^ 
is precipitated w ith atnnionia, the hydrated oxide, owing to tlie 
large coneetdiMiioii of electrolyte present, comes down in C(,i;irse. 
crystalline ilakes. These flakes will not remain as such (hirino 
the necessary washing, since they become colloidal, as alreiidv 
described. But if, before washing, the precipitate is allowed ir, 
stand in contact with the licjuid li'om which it was precipitated 
for eight or ten hours on tlie water-bath, the crystalline character 
seems to have more perjuaneiice and the precipitate thus treated 
can be washed with pure w’ater to a state of complete purity. 
Even so, the reversion to the colloidal condition is only delayed 
and not entirely prevented and the tiitration must be rapid or 
clogging w ill take place. Ordinary filter-paper in a funnel or in a 
Buchner funnel is not siiHiciently rapid ; the best device has been 
found to be to filter by means of an evacuated alundum crucible 
connected wdth the ])ump by means of a rubber bung and immersed 
in tlie ferric oxide and washing- \vater. It was found that nine 
washings by lhi.s nuTliod, using for each washing water of about 
four times the bulk of the ju’ccipitatc, were sufficient, the water 
coming from tire interior of the filtration crucible being quite free 
from sulphate. 

Thi' SohibUily Ddermimtions. 

These wtfc performed in mercury-sealed stirring-bottles of tie 
usual type immersed in thermostats, that at 18° being eleclrically 
controlled and constant to O'Or over long periods. The 25' 
thermostat \vas gas-regulated and only occasionally showed 
variations of 01)2°. 

The time necessary for the attainment of equilibrium in the 
stirring-bottles was determined by analysing samples from the 
same bottle daily until concordant results \\ ere obtained. In tbh 
way it was found that at 18° the necessary time on the neutral 
part of the curve was five days. This time too sufficed for tlse 
acid part of the curve; the minimum time w-as not determined, but 
judging by the appearance of the solutions it wvis much less than 
that for tlie neutral sulphate. Ilecoura [loc. cif.) also states that 
precipitation of the acid sulphate in a strongly acid solution will 
he complete in. two or tlirei' minutes. The rni.xtures ooiTcspondiiw 
with the basic part of the curve required longer stirring, a perior 
of seven days elap.sing before constant results were obtained. 

These determinations of the minimum time required for tin 
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establishment of equilibrium do not agree with the experience of 
(’aineron and Robinson, who found that much longer periods of 
contact, amounting to several weeks, w'ere required at 25° on the 
basic side. The more favourable conditions of onr experiments 
are probably to be attributed to the use of a ferric oxide prepared 
in a different inatiner and having a higher rate of solution than 
that used by Cameron and Kobiiison. In all experiments the 
systems were stirred for longer periods than the minimum, one 
\vcek being allowed for the neutral and acid regions and ten days 
or a fortnight for the basic. 

Analyses were made in each case of tlu^ chear liquid from the 
.stirring- bottle and of the wet solid phase in equilibrium with it. 
The two points thus obtained on the liirce-co-ordinate diagram were 
joined by a tie-line, and the composition of tlie pure solid phase was 
obtained by eonveigeuce of the tie-linos in tlie usual Sehrciiiemakers 
]uethod. The ouly difficulty which can arise in tins method is 
in the separation of the pure liquid pliase from the wet solid, and 
in this investigation the separation gave no difficulty so long as 
tlie liquid phase was acid, that is, so long as the solid phase was 
the acid or neutral sulphate. When the basic portion of the curves 
\va.s reached, however, the difficulty of separation l)ei;*anie very 
great. The solid passed through the tiiter-]iaper with the liquid; 
asbestos in a Gooch crucible was no more effective, nor was an 
aliKHlum ci’iicible. After a considerable amount of experiment, 
it was found jjossihlc to obtain about a gram of the clear liquid 
by very gentle suction through a very line aliindum crucible. In 
lliis way, about the iinst six drops came through clear: thereafter 
the solid also came tlirougl:, l)Ui. the receivtu’ Avas removed before 
this happened. tSamiiles of the Avet scjlid 2>hasc AAorc'. obtained by 
pouring some of tlie mixture on a porous plate and .sci'aping off 
the solid after tlu' ii(piid had been al)s()t'bed. As the curve 
became more basic, Iioaa'cvci, even this metiiod broke down, for 
the porous p)late absorb(‘d tlie solid as well as the liquid. The 
only method of oontinuiiig the investigation Avas by allowing the 
phases to separate by long standing in the tliermostat and care- 
fully decanting off the clear hVpiid; this method aaus not very 
satisfactory, since tlie nmiaining solid was so AA'et that its composi- 
tion differed only slightly from that of tlie litpiid, causing eoii- 
ddemble uiiccrtajnty in the draA\ii]g of the tie-lines. Finally, 
a point wa.s reached at about 25 p('r cent, SO;^ at whicli it Avas 
iuipos.siblc to separate tlu^ jdiases even b}" alloAviiig the solid to 
At this point the liquid awis vcit aIscuus and presumably 
Its density Avas not way different from that of tlie solid. Xo 
M-parution could be obsca'ved aftej’ the mixture had been kept for 
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a fortnight in tlio thermostat, and three hours’ centrifuging ^vas 
equally ineffective. For this reason there is a gap in the measure, 
ments between 25 per cent, and 19 per cent. SO 3 . When tb 
concentration of fell belov' 19 per cent., the solutions becann- 
Icss viscous find it was possible to return to the methods whidi 
proved succes.sful in tJic more acid solutions. The point.s obtairr-rj 
on cither side of the gap in the measurements fell on a sinootli 


Fro. 1. 
ii/) 



curve, so that the lack of obsci’vatioii.s in the interval was of 
importa rice. 

The analytical rncthod.s mrd were the barium chloride method 
for suipiiat(‘, and gravimetric esiiniation of iron as ferric oxide b} 
precipitation with ammonia, the latter being in many eases su])plt.- 
luentcd by x'ohimelric (rsUajations with dichromate. i\Iost of tlu 
points arc the mean of eJo.sely conc-ordant analyses of saniple.s takrii 
from the same stirring- bottle after different periods of stirring. 



FEKRIC oxide — STTLPHITETC ACID — WATER. 

The re^Hults are contained in Tables I and II, and arc represented 
T in Figs. 1 and 2, The dotted line in each of tlu; iigures 

rf|H-i"‘'Uts" the ratio that is, that corrc'sponding with 

the iiornial salt. 

Disenssion of llmdis. 

'[’lie curve at 25® dift’ers from that at 18® in that it shows three 
liivaks instead of two. Xcvertheless, it will I)e desirable to discuss 


Fm. 2. 
ir^o 



the two eur\TS togetlier from the jioint of \ iew of the solid phases 
roiicerned. 

Acid Stflphait . — When the coaeentraUon of SO., exceeds 32 per 
cent, at LS' or 32‘2 per cent, at 2.3'h the solid pliase is an acid 
^ulpliate. A sample drual on a poi'oiis ])late proved to be a line, white, 
laicTocrystailiiio pow'der, very soluble m water and immediately 
fiydrolysed by it ; thi.s is shown by the ui'nwn colour of the solutions 
iu water, solutions in acid being colourless. The solubility of this 
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Table I. 


Solubilities at 18° {gra7ns per 100 gnms]. 


Liquid Phase. 

Wot Solid Phase. 

Solid Phase. 

Fe^Oa. 

SOa. 

HaO. 

FejOa. 

8 O 3 . 

H 2 O. 


0-21 

40-64 

59' 15 

10-01 

44-36 

45-63 1 

1 

0-91 

36-45 

62-64 

10-69 

41-97 

47-34 1 

I Acid salt, 

()48 

:}2'43 

61-00 

1645 

41-93 

41-62 1 

( FCa03,4S0a,9H„() 

8-00 

31 '85 

60-15 

16-01 

40-11 

43-88 J 

1 

9-()3 

31'88 

58-49 

22-77 

41-98 

35-25 

Acid salt-is'ormal Kali, 

11-69 

3U-80 

5 7 '51 

25- 1 9 

41-36 

33-45 

1 Normal salt. 

i ;{-88 

29-71 

56-41 

23-54 

38-80 

37-66 


17-48 

29-73 

52-79 

25-66 

39-13 

35-21 , 

I' Fe203,3S0a, 71170. 

18-68 

2<)-64 

51-68 

25-27 

37-26 

37-47 

Normal salt-Basir- Koliij 
solutions. 

17-96 

25-42 

56-62 

19-40 

25-43 

55-17 ^ 

I 

U-Otl 

17-71 

68-29 

45-45 

17-26 

37-31 

-■ llasic solid solutinn.^, 

ll'OO 

13-85 

1 4'0() 

46-62 

14-08 

39-30 

6-81 

7-6U 

85-59 

40-89 

9-61 

49-50 , 

) 


Table IL 

Solubilities at 2;“)° {grams per 100 (jrams). 


Liquid Phase. 

Wet Solid Phase. 

Solid Phase. 

h'eX),. 

SO3. 

IhO. 

FcqOj. 

SO 3 . 

1 1 ^ 0 . 


0-27 

39-77 

59-96 

11-45 

44-61 

43-94 '] 


0-23 

40-15 

59-62 

11-50 

44-62 

43-88 

Acid salt, 

0-71 

37-22 

62-07 

11-55 

43-10 

45-35 1 

^ FeoOa, 480^,911.3). 

2-38 

34-90 

62-63 

13-47 

42-73 

43-80 


3-88 

33-20 

62-92 

13-69 

41-25 

45-06 J 


8-04 

32-06 

59-90 

20-45 

39-78 

39-77 1 

1 Normal salt, 

10-55 

30-77 

58-68 

21-60 

38-96 

39-44 ' 

1 Fe^0,„3S03,7lL(), 

13-80 

30-02 

56-18 

22-62 

38-09 

39-29 

17-52 

29-85 

52-63 

23-81 

37-85 

38-34 ’ 

i Hasie .salt, 

18-56 

29-98 

51-46 

23-66 

36-90 

39-44 

1 5(Fe,03,3S0,),21v4), 

19-98 

29-19 

50-83 

30-05 

37-19 

32-76 ' 


19-79 

28-67 

51-54 

30-87 

37-45 

31-68 


19-78 

27-90 

52-32 

26-64 

33-30 

40-06 


19-55 

25-99 

5446 

20-72 

25-60 

53-68 

• Basic solid solutions. 

15-53 

17*62 

66-85 

45-77 

16-24 

37-99 


13-51 

14-58 

71-91 

46-46 

13-85 

39-69 


791 

819 

83 '90 

40-90 

943 

49' 97 , 


salt decreases 

rapidly t 

LS the t 

'oneentration of SO 3 increases, ;iiid 


when the SO^ concentration reaclu's 3 S per ('(‘tii. [it 18° and 4U per 
cent, at 25° the salt is ahnost totally iiisolulihc 44ic liquid plnw' 
is quite colourless, and if the acid eoneeiil ration is increased to 
al)out 45 ])er cent, it is ini possible' to (h'tect the presence of iron 
in the solution even witli thiocyanate. This remarkable insolulality 
in strong sulphuric acid pcissibly explains why the strong acid 
no action on metallic iron, It is perhaps suggicstive that the lowest 
strength of acid which can be carried in iron tank-wagon.s is about 
55 per cent. SOg. The investigation could not be carried to 
acid strengths ow’ing to the increasing iusoluliility and In tliu 
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;itta(‘k of filtering material by the strongly acid solutions. It was 
tljcu'tore not found possible to obtain any evidence for the existence 
of Uecoura’s trihydrate of the acid sulpiiate from these measurements. 

Thv constitution of the acid salt obtained from the curves agrees 
very closely at both temperatures with the formula 
uhich is the formula attributed by P.ecoura to his ferrisulphurie 
Cameron and Rol)insoii regard the salt as a decahydrate, 
Imt their evidence cannot be regarded as convincing, since they 
show otily two tie-lines intersecting at the composition of the acid 
..^alt. and presumably their conclusions are tl^ercfore based on two 
iUialyses only. It may also be Jioted that whereas Cameron and 
Rolmison state that the acid-normal eutectic point occurs at an 
acid c‘onC(mtration of 28 per cent, of SO 3 , the present investigation 
,diow.s that the percentage of 80^ at this point i.s much higher 
(lll'SS per cent, at 18'’ and more than 32 per cent, at 25"). The 
(■urvc.s at the tw'o temperatures show that the range of existence 
of the acid sulphate is more limited at the higher temperature, in 
accordance with Recoura’s observation that the acid salt breaks 
11 jj into normal salt and free acid on heating. 

Xonnal Snipkafe.—Biitween acid concentrations of 2!)-f34 and 
3 l‘S 8 ])or cent, of 8 O 3 at 18'’ and between about 30 and 32 per 
cent, of 8 O 3 at 25“ the solid phase in equilibrium with the solutions 
is the normal ferric sulphate. .Samples of this .salt dried on a 
|jor(ius plate gave a light brown, microcrystalline powder very 
soluble in water, although dissolving rather slowly. It will be 
noted in tjoth diagrams that th('. curve for the normal sulphate 
lies wholly to the right of the dotted line. That is, the normal 
sulphate is not stable in contact with solutions of its own com- 
position, hut only in presence of free acid. 

The composition of the ziorrnal salt comes out very clearly at 
caoii temperature as Fe 203 , 3803 , 7 HoO. 

The degree of hydration found for the normal salt is quite 
opposed to all previous observations. Oudemans {Rec, irav. 
dim., 1884, 3, 331), who first prepared the salt in a condition of 
approximate puritjq attributed ten molecules of water to the salt, 
and the same formula is given by Cameron and Robinson, who, 
iiowever, do not show' the normal salt in their phase-rule curves 
iuid do not state the evidence on which their formula is based. 
Kecoura, on the other hand, considers tliat the salt, like tlie acid 
salt, has nine moleeule.s of water. The mineral eoquimbite is 
said to have ten molecules. 

Although the indications by the Sclireinemakers method are 
Tule clear and definite, tiie a*uthors have endeavoured to sub- 
s^tantiate their conclusions by obtaining a sample of the solid 
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tjuilicieiiily di'y to cuiitaiii loss llnui ton jnolooiilos of water, j., 
spite of repeated efforts, siieeess has not been attained, the 
result at present being Fe203,3‘2S03,l.l‘2H^0, the point I.Hiuj, 
represented l)y a cross on the diagram. Although this sai!ij,||, 
did not contain less tlian ten molecules of wat('r, it is clearly ju,; 
the decahydrate moistened ^^■ith motluu'-liqiior, for its coinpddii<,rj 
is well to the rigiit of the i)nint reprc'senting the decahydrau-, 
shown in the 2.V diagram hy a heavy dot; and it falls exactly (a, 
the line cutting the iu'pialiydfato jKjint. 

Comparis{Ui u itii llu^ mineral co([uinihit(' was not ]U)sr?il)]c. 
specdtiien of this miiieral was not availabk', i>ut Mr. T. \'. I’arkc.. 
kindly examined the heptahydrate fi'nm our erjuilih! ium Ixailts, 
The miiMileness of the orvi^tals prevented the exandnat ion fiv,]]) 
being very exhaustive, but so far as could ho ([(dermined tlu- 
crvstallograpliic properties of the heptali} lii'ate agreed with tlioH- 
of coquimbitc. 

It M'ould appear frean the c\'ideiiee of the |■;^perimc^t8 detail^] 
above, which is su[)|.){;rted liy the com posit ion of the dry sdlidv 
used as materials in this researeli, that tiie normal siilphale I 
certainly a licptahydrede and that prannous data conflicting vitit 
this conclusion have been occasioned by the extrojne difiiciiity 
of freeing the salt from adhering mother-liquor. It is pos>ji..h 
that the analyses on whitdi the decahydrate formula for coqiiimtiitf 
is based arc subject to a similar error. 

The range of existence of the norm id salt is somewhat greater 
at -r) than at 18 1 Tlie eutivdic pohits normal-basic and acki- 
normal were I’ealised at the lower temperature^, the former hdng 
confirmed Iiy the very olivious se])aratioii of tiie solid in the stirring 
bottles into two layers— a lower layer of coarse, lig}U-lin.r,\ii, 
normal salt and an upper layer of liner material closely reseiiihliii: 
ferric oxide in aj)pearauee, 

Basic SuJphaUs.-An agreemeiit with Cameron and llohiimath 
conclusion, it was found that at 2.)' the greater f)art of the bask 
region to the left of the neutral line is oc^cupied by solid phase.' 
the composition of which varies continuously with that of iIk- 
liquid. The same is true nf the curve at IS'. Ahliougb tlir 
investigation of this i)urti(ni of tlie curve is extremely diliie'iiii 
owing to the dihiculties of separation alrcxidy referred to, it woiikl 
a2)pear that the solid phases here are solid solutions of ferric I'.xKb 
in some basic sulpliate the composition of which cannot beubtainol 
from the curve. 

There is, however, at 'B'r some indication of a basic sail. 
“)[Fe203,3SU3],2Te203. Its range of (‘.xisience is very small. Hi" 
solid phase on this part ui the cajiwe was quite different in appif- 
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incc from tliat obtained on the more basic portion of the curw*. 
In tlic latter case, tlie solid resembles ferric oxide; in the former, 
il closely resemble.s tlie neutral salt, l>eiii<^^ sojueuiiat 

darker in colour. It differed \'ery slui:’|ily fr(j)ii tiu' neutral salt 
ill that it eouid not be separated on liltei’- paper ; the porous plate 
int'ihod had to l>o used. This basic salt is tlie only one for wliicli 
(Kliiiite ])Iiase-ri]le evidence has yet lieen oiitained. It is reinark- 
•illc tliat it contains no water in its eon>titiili(.m. 

All attempt was made to determiiu' tiie formation of a definite 
liasic salt by seeding suitable solutions with a natural liasic 
Milphate, the mineral fibroferrite, i3i:\^03,oS03,27H A), but the 
t'xperiment did not succeed. 

As a matter of interest, apart fioni fdiase-rule considerations, 
attempts were made to repeat Kecoura's prc'paration of the sub- 
^itarice to which he attributes tiie basic formula, 
6[Fe203,3S(Vj,l'e^0,5,Aq. 

Pure ferrous suljihato was oxidised villi the calculated quantity 
(I nitric acid in iiresence of tiie ealculated (juantity of sulphuric 
acid. Tlie mixtures of varying concentrations were left to stand 
in desiccators. One samjile was shaken wiiii aci'tone, as Kecoura 
iccummends. In lime, van iog from tuidse days to three weeks, 
uecording to the concentration, a solid nucleus formed and the 
whole ma.ss filially .swelled up in tlu' ivmarkaide manner described 
by Kecoura. tSome .sample's of the liga.i-lirown, friable mass 
were pressial out on a piorous plate and (hied, whilst otlier samples 
were first washed witli acetone and then dik'd. Jlotli sets of 
N'lmplcs were then analysed, with results in tot;il diraign'cment with 
Keeoura's .statements. Two typical exampli'.- a; t- gi\ cn lielow : — 

Washed in acetone F(*,>03.3d)bS0,..Siisl !.d). 

Umva.shed Fe.dJ^.y’P^.St k.S'S^ H ,0. 

'riiest' can he iLotfiing else than imimre sjiecimens of the acid 
sulphate. Another fact sei'ins to sujuiort tins conclusion. Jf to 
die viscous solution of ferric sulphaie ix' added one drop of strong 
>ul])huric acid, a whit(\ .^ulid nucleus wiil at onci' he formed, 
and this hastens the .swediing and solidification of the solutions 
very iiuticeably. Some of tlu' more diluie solutions, in fact, did 
not solidify at all until encouraged by this ^i^.‘ding witli sulphuric 
acid. Xow tiiere can Ix' litlh' doulit that tlie suiid precipitated 
by strong snlplmric aciil is tlu' acid suipliale. It is dillicult to 
conceive why crystals of the acid salt should act as nuclei for the 
s('parati(m of ba,sic salt, unless indeed the acid and basic salts 
were is{,nnorphous, which is rhgbly inijirobablc. 

During the whole counso of the investigation only one dry 
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product was obtained the composition of which was defiihtelv 
basic. It was observed that alundum crucibles through whipj^ 
ferric sulphate solutions had been filtered, if allowed to stand fof 
ten days to a fortnight, became covered inside and out with 5 
powdery coatifig wliich resembled in appearance Recoura’s ba.<i(; 
sulidiate. .Samples scra])cd of! and analysed had the coinpodtion 
10 [Fe., 03 , 3 S() 3 J,hc 203 , 10 bll 20 , It is not likely that a product of 
such a. composition is a pure chemical individual, nor are the 
means by which it was prepared such as to encourage any belief 
in its purity. iS’cverthcless, the contents of some of the bottler 
were seeded with this powder in the hope that it might have 
eontairnd a. definite basic sulphate. These experiments, however, 
also gave a negall\e result. 


Sumviary and Conclasions. 

The main results of the present investigation arc as follows 

(1) In contact with solutions of acidity greater than 32 per rent, 
of .SOg at 18° or 32-2 per cent, at 25° the stable solid phase is the 
acid sulphate, Fe^ 0 y, 4 S 03 ,t)H 20 . The range of stability of this 
salt decreases as the temperature rises. 

(2) The solubility of ferric: oxide in solutions of acidity greater 
than 45 })er cent, of SO 3 is negligible. 

(3) In .sohitions heiween 2!)-0 per cent, and 32 per cent, at 18’. 
and between 30 per ernt. and 32d per cent, at 25°, the stahh 
phase is the normal su!p]iat(", which i.s associated "with seven mole- 
cules of water, and not nine or ten, as otlier investigators have 
reported. 

( 4 ) At 25°, lietwec'ii acid concentrations of 27 per cent, to 3(djei 
cent, of SO 3 , a solid anhydrous basic salt, 5 [Fe 203 , 3 S 03 ], 2 Ke 2 U 3 . 
separates. This compound is not formed at IS . When the acidily 
is ie.ss than 29'0 per cent, of SO 3 at IS' or 27 per cent, at 25b the 
solid phases arc .solid solutions of variable composition. 

No evidence has been found of the existence of other basic 
sulphates. 

( 5 ) The depo.^its from "nitrate of iron” and the voiuminoib 
swollen mass deposited from strong .solutions of ferric siilpliat(' on 
standing arc not i)asic sulphates, but the same acid* sulphate af 
that obtained in acid solutions. 


February 2«rl, 1921^ 


Lvoku.amc Chk.^ustrv Labijh.\torv, 
Oxford. 
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\IX, — Opliccil Acllvalion of Racemic Acid by 
[■‘Malic Acid. 


Bv Alex. ]\1cKi-:\zie aiul XEf.LTi-; Walker. 

With relercnoe to the existence of optically active substances in 
Ufiture. vaiVt Hoff predicted the possiljihty of their formation “ bei 
unsviiiinctrischon Vorsuclisbodingungcn, ])ei IhriwaMdlungen z.B. 
jio * (lurch die Wirkung dcs ivchis-ndcr liiiks-cirkularpolarisierten 
Liclites stattfinden odcr dnrcli aktive Wa’bindungen veranlasst 
vcrdcii; viclleiclit sogar in aktiven l.dsungsniitteln ’’ Die Lagc- 
riiua der Atomc im Baunug” 2nd edition, 1894, p. 30). Those 
v'oi'cls are highly suggestive, and undoubtedly liave been the 
incentive to iniich research. 

Although asymmetric sjmthesis in Fischer's interpretation of the 
term was not experimentally realised with compounds of known 
cdustitution until J.904, it is more than probable that the idea 
may also have occurred independently to van't Hoff when ho uses 
I he phrase durch aktive Verbindungen " in the above quotation. 
The one-sided manner in which nature builds up sidr-tanees possess- 
ing molecular asymmetry has been imitated by Bosenthuler, for 
exaiiq)le when he synthesised d-jnaiKleloiiitrile fi'om bcnzaldehyde 
and hydrogen cx’anido through the agency (4 one of the enzymes 
of cmulsin. Whetlier in this ease (/-mandelonitrilc was formed 
Avith the exelusioii of the biiilriic is an u|)cn (piestion, but on the 
assumption that IxFh nitriles were s^uithesiscd to difterent extents, 
the preponderance of the d-nitrile must certainly have been very 
great. Again, the rcAumt w<;rk of Nkuibcrg on car!)oligase renders 
it clear that combination iiciwecm lienzakhTiyde and acetaldehyde 
To form an optically active kctol takes place in a very one-sided 
uiiatiner. As cojitrasted with such result.'? achieved by enzyme 
Uictiou, the asynnnctric synthes('s aecom])lish('d by tlic aid of the 
idirecting influence of comjxainds of known constitution, for example, 
;/-)uontliol, /-l)onieo], or d-aMivi alcohol, lead only to a mixture of 
[unequal amounts of tlie two cnantiomorphous forms. Tims in the 
; asymmetric synthesis of /-atrolactinic acid from bcnzoylformic 
acid, wlicre the activating ag('nt is /-menthol : 

C,HyC0'C(AH (inarTivc) ---> CJ lyCO-FOyO, pH, ^ (active) -> 

(uetive) —> CpHyO-CO^H (active), 

OH 'oh 

the resulting acid had -- in ethyl-alcoholic solution 
: VOL. cxxi. 0 
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(T., 1004, 85, 1-10), whereas the pure l-acM has - 37-7 

the same solveiO (T., 1910, 97, 1010). As a matter of fact, 
no single ease has an asyjntneli’ie synthesis been effected 
oompound.s of kuo’wn constitution where one enantiomorphoiis foriij 
alone has lu'cn syntliesiscd.^' Still such experinients give the dclinitt 
proof that only asymmetry ('lui h,eg(‘t asymmetry, and they alhir^j 
a rational interpretation of the manner in which optical aetivitv 
can be propagated in nature from oik' compound to another wlitii 
once ail optically active eoin])lex is avaihdhe at the start. Ihil r,]^ 
the geiu'sis of optical activity In (lie living plant or animal, tliij 
ontogenetic mctliod throws no lijdd whatsoever. 

\'an't liotfs suggestion of the pemsihility of a. medium 
eiretilarly-polarised light (exiudiug a directing inliuence deals witli 
the bigg(T problem, and it i.s interesting to recall that Pa.stciir 
liimsthf was also alive to tlu' fundamental inpiortaiice of thisqm^. 
lion, for he [irovideil himself ^\■itil jiowerfnl electromagnets for tht 
purpose of testing the inllmuiee of a strong magnetic held on an 
cxternally-comjieiisated compound {Ilcvur ficuiitijigu(\ LSSl, [iij), 
7,3). Uis result.s wei'e presumably negative, and there is no ivcoui 
of them. Boyd {Jtiaug. Ueidelberg, 1890) investigated tivo 
reactions in each of which a com pound containing an asymmctrii' 

* Rccvntly Weisrf (.UeeaAs/i., liilU, 43. oDl) drew the eonelusinii ilu,-, 
/-ineiitiiyl (gj)lioii_\'l-/.i-tolyliieetaie is obtainrd a|>art Itoin its dia^jU'jvu- 
isonunido l)y tlii.' iiilcr!i(.-i ioti of plienyI-//-tolylketi'iL and f-inrnthol : 

3Ic-Keiizie and Widdows (T., U)ir>. 107. 702) had previously shown, 
however, that this; e.ster could nul (;i' saponitieti so as to give the optinilly 
pure thacid after tlsc rcinovat of the iiientliol Accordingly, when Wes, 
saponified his ester, he obtaiiu'd tlu’ niuctive acid, lie is tluis iii eiioi wlirn 
lie states that lie acconiidishoc! an asynmictric syntlicsi.'i, but he has proved 
the p;uiding influence of ilu' incntiu>I in its action on 1h(' keten, (‘veii iiltlioig'li 
the iitpiid inenthyl c.-aer wiik l) lie obtained may nut liuve bron quite lioino- 
geiieoirs. 

Alucn confusion would lie avoided i! tin' ti-i’ni asynimetric synlluvii 
were always used iii tiie ivstrirUi'd s* use to wliich Fiscln'r gave prccisMi 
{Ba\, Ibtli, 27, :32:jl; N//:'o,r/.vk., r. K. .l/oc/. Ba-lh). 23. dn;: 

Lbv., 19u:.b 36, 2.)7b. Conqmrc Vaivkwald, iko, llFd, 3'/, 340; iMelvenzio 
T., 1904-, 85, 124'J). Ill tiiis coiiiicxiu.u tJic uu-slcading sTalcment i.s lainb 
by Jaeger (“ J.eclure^i on tlie lbiiirtj)l(' of Syiuineti'y," 1917, p. 20U) ilmf 
the first positive results on partla.l asymmclrie syntliesis were obtaim’tl hy 
Marekwald and McKenzie in the lYiC t ional csterifk-atioji of r-inaiidcln; ami 
by f-nienthcil {Jkr., 32, 2l:fl'). Ii must b(‘ empliasised, liouever, that 

tlie latter authors tliciiisclvi s do jiOt regard this and stib.sequcJit work camea 
out by thcni oa the fractional est.'riliration and hydrolysis of stereoisuiiuTiJs 
as exaiui>lc.s of usyimnetrie >> ntliesi.s at afl, since at tlie very outset a coinpotind 
is employi'd which already eontaiii.s an asyiuniclriu curboji atom. 
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carbon atom was synthesised in a strong niagiudiu field. However, 
ucither the stilbene dibromidc formed by adding })romine to stilbeno 
nor the inandelic acid prepared by reducing benzoylformic acid 
witli sodium amalgam exhibited any optical activity. According 
tn J. Meyer {Ckem. '/Ag., 1004, 28, 41), no positive result could 
jiavo been expected from Boyd’s experiments, since in a homogeneous 
maf^netic field there is a plane of syinmctiy perpendicular to the 
lines of force. Meyer accordingly polarised the light before sub- 
mitting it to the influence of the magnetic field, but his experiments 
also failed. It may also be tnentioned that one of the present 
autliors carried out in 1895 .sonu; fruitless experiment.s on the action 
of circularly polarised light on acjueous solutions of silver dMactatc 
and silver d/-mandelate. Again, Cotton [Ann. Chim. Phjs., 1890, 
[viij, 8, 373) investigated the action of circularly polarised light 
on f//-.Fehling’s solution with jiegative results, so far as optical 
activation is concerned, but he made the noteworthy observation 
that the blue d- and /-Fehling’s solutions possessial different coeffi- 
cients of optical absorption for circularly polarised light of definite 
tiicriL This observation becomes of real importance if Byk [Z. physi- 
kal. Chem., 1904, 49, 541) is correct in his surmise that a constant 
source of asymmetric circularly polarised light is available on the 
earth’s surface by the reflection of tlic plaue-polarised rays of 
sunlight from the surface of the sea and tlie subsequent rotation 
of tho.se reflected rays by tlio earth’s magnetism. Finally, Hcnlo 
and Haakh {Ber., 1908, 41, 4251) deal with the conversion of methyl- 
cthylcyanoacetic acid into methylcthylacetonitrilc, and of tS-dichloro- 
dimethylsuccinic acid into dichlorodimethjdpropionic acid. Both 
reactions were induced by submitting the solutions in the presence 
of uranium .salts to light wliieli was cither circularly polarised or was 
rotated by a magnetic field after ha^'ing previously been polarised. 
The results were negative (compare B 3 'k, Ber., 1909, 42, 141 ; 
Freundler, Bcr., 1909, 42, 233). 

The third suggestion made by van‘t Ho If in the lines quoted at 
the begimiing of this paper deals with the possible influence of an 
optically active .solvent as an acti\ating medium, and attempts 
have been made in various directions to obtain experimental 
evidence in its lavonr. Thus Tolloczo (Z. phii-sil-ai ChotL, 1896, 
20, 412) distrilmted a racemic compound between two solvejits 
(one of whicdi was optically active) sparingly soluble in one another 
in order to find out if tlie componnd, wlnui r('eovered from both 
solvents, was optically active. r-MandeUe acid was distributed 
between ether and a eoiicentrated aqueous solution of d-fructosc,. 
but tio activity of the mandelie acid regenerated from each of those 
solvents was observed. Presumably, therefore, d-mandelic acid 

0 2 
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has the same solubility as its Msomeride in the solution of fnictose 
employed. Similarly, racemic acid was not activated when it ^vas 
distributed between water and Ijevorotatory amyl alcohol. 
after van’tHolT had suggested to Goldschmidt that d- and Z-isomor- 
ides might possess diiterent solubilities in an optically active 
solvent, the solubility of d- and ^-carvoxiines in d-liinoiiene was- 
measured, wlien no dilference in solubility of the oxiines was noted 
{Goldschmidt and Cooper, Z. physikal. Chenu, 1S98, 26, 7U|. 
Further, Walden [Ber,, 1899, 32, 18dG) cxajnined the displacement 
of chlorine in r-chlorosuc'cinic acid liy tlio action of polasdicii 
hydroxide in the presejice of Ircvorotatory amj'l alcohol, Ttg 
resulting malic acid was optically inactive. Kipping (P., 19(ii| 
16, 226) prepared benzoin from potassium cyanide and benzalde. 
hyde, a solution of camphor in alcohol being used as the solvent; 
pjTiivic acid was also reduced to lactic acid witli acpieous (Pglucoje 
as the solvent; in each case the products were inactive. Again, 
E. and 0, Wedekind 1908, 41, 456) combined benzylmethyl- 
aniline and allyl iodide in an optically active medium such as 
Pmenthol or d-limonenc, but the product in every case was the 
inactive quaternary iodide. 

A positive result was obtained when potassium hydrogen rare- 
mate Avas crystallised from an aqueous solution of Pmalic acid 
(T., 1915, 107, 440). The resulting crystals Avcrc dextrorotatorv, 
and consisted of potassium liydrogcn racemate with a small admix- 
ture of potassium liydrogcn d-tartrate. The stud}' of this peculiar 
observation has now been resumed. 

When Pmalic acid was added to an aqueous solution of pota<- 
ium racemate, the enstals wliich separated were dextrorotatory, 
and consisted csscntialiy of potas.<iiim hydrogen racemate tcigelhcr 
with some potassium hydrogen (htartrate (?oc'. cit.). The behavioiu 
of /-malic acid towards sddium racemate lias now been found tu he 
similar. 

Attempts were next inadc to find out if optical activation coiiid 
be effected by acids other (lian /-malic acid. Xo fcAVcr than filtccn 
other optically active acids were separately tested, and in evory 
case the crystals which were d('p(>sit(‘:l by the addition of the lu-id 
to an aqueous solution of jmtas.'^ium nr sodium racemate consisted 
of the acid racemat^'. Accordingly, of the active acids examined, 
/-malic acid is cxcc'ptional in being the ojTv one xvliich eamsed activ- 
ation. Kacemic acid Jiiax' ]K.)^sibly also be exceptional, although 
this point has not been examined in much detail. When r-mandclic 
acid (1 mol.), for examnle, was inuitralised liy aqueous sodium 
hydroxide, and /-malic acid (-1- mul.) then added, the resulting 
crystals of sodium hydrogen mandelate exhibited no optical activity. 
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Similarly, r'dimethoxysuccinic acid could not be activated by 
/.iiiiilic acid. 

'the optical rotatory power of the dextrorotatory product from 
the action of ?-malic acid on potassium racemate can be enhanced 
hv neutralising with potassium liydroxide and then adding a fresh 
quantity of bmalic acid. Affei- this treatment was repeated several 
times, the separated cr\'staLs were found to possess about double 
tlic activity of the initial deposit. 

When sodium hydrogen racemate waas crystallised from an aque- 
ous solution of Z-malic acid, it separated from the cold solution in 
admixture with sodium hydrogen d-tartrate. Tn a similar manner, 
l.iotli rubidium hydrogen racemate and emsiurn hydrogen racemate 
can be activated. On the other hand, w^hen potassium hydrogen 
racemate was crystallised from an aqueous solution of Z-mandelic 
acid, no optical activation ^cas observed, and 7iegative results were 
also obtained with four other active acids. 

So far as the inquiry has gone, there is not sufficient evidence for 
the conclusion to be drawn that the partial activation of racemic 
acid by /-malic acid is actually duo to a resolution of the acid. Tt 
is perhaps significant, hovrever, that when an aqueous solution of 
sodisnn racemate was mixed with /-?ualic acid and then polarimetric- 
ally examined before crystalli.satioii began and after crystallisation 
Ceased, the Imvo-valiie had intensified. If we have to deal with a 
partial resolution of racemic acid, (he case is interesting as provid- 
itig the first example of the partial resolntion of an inactive acid 
by an active acid inste;id of by an aedive base or alcohol. On the 
other hand, those chemists who arc prepared to asfree with Krlen- 
meyer in his recent ingenious claim.s will find in the present paper 
several admirable exajn])le.s of “ asymmetrio induction.” 

E X r E R I E X T A T. . 

Addition of [-Malic Acid to Sodiurn liacchiate. 

An aqueous .solution of 10 grams of rnermne acid (I mol.) was 
neutralised by sodium hydroxide, and 7-97 grams of /-malic acid 
{1 raoi.) were added, the solution lieing made up to 100 c.c. 
Immediately after the prepjaration of tliis solution and before 
it had started to cj'ystallise, it was ])olnrimctrically examined at 
the ordinary temperature and found to be Imvorotatory, giving 
(/ := 2). This value ixunained constant after the solution 
•lad tieen heated on a boiling water-bath for fiftccai tnimites and the 
original volnrao then adjusted wlum the solution had cooled. The 
^oiiilioti was conoentraled by ovaimration and, on cooling, glassy 
prisms (G‘87 grams) gradual! v separated, the filtrate (33 c.c") giving 
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ttj, — 241° {I = 2). The solid was dextrorotatory in aqueo^j 
solution : 

1 ^ 2 , c -o, r/^ + 0d9^ Ho + l'9“. 

The air-dried solid on analysis gave H^O = 9-5, whereas 
C 4 H 50 p,Na;H 2 () requires TIoO = 9*5 per cent. The anhydrous 
salt gave Na ^ 134; calc. Xa 134 per cent. 

In another experiment where 5 grams of racemic acid and l-s 
grams of /-malic acid were employed, the separated crystals (iKj 
grams) were dissolved in water, and the solution (10 e.e.) \v:i.s 
examined before crystallisation started, 15 c.c. of it giving ().( 5 ()- 
in a 2-dcm. tube. 

Since the conclusion was drawn from those results and irorj 
others which need not be q noted that sodium hydrogen (/-tartrate 
ery.stallises along w illi its racemic isoineride from solutions prepared 
in the manner described, it seemed possible that if the original 
IjBvorotatory solution obtained by the addition of /-malic acid to 
sodium racemate were allowed to crystallise, polar imetric exaniina- 
tion of the liquid in <‘onlact with the separated crystals might 
exhibit an enhanced value in the hevo -direction. Accordingly, aii 
aqueous solution (20 c.c.) of sodium racemate prepared by the 
neutralisation of 2 grams of racemic acid was quickly mixed with 
an aqueous solution (20 c.c.) of 1-0 grams of /-malic acid, and the 
resulting .solution then polarimetrically examined; the value 
(Xd — 047“ (/ = 2) was noted. As crystallisation had started only 
slightly, the solution was evajjoratod to smaller bulk, and pint 
of it examined before crystallisation started, giving - OtjO' 
(/ ^ 2). On remaining over-night in the polarimeter tube, dasw 
crystals liad separated, but the supernatant liquid was clear, so 
that polarimetric readings of it could be taken with ease; the 
lacvorotation had pei’ee})til)ly increased to — 1-2(1°. After an 
additional three day.s this value had increased to -- Mir. 
which latter value was again observed a day later. 

4c/n’fl/io« of Alkali Hijdmjen }ia(:(>}nat('S by CrysialU'mtion fronnii 
Aqtiwus Solviion of ]- Malic Acid. 

SodiuM Hydrogoi lUictmatf^. — <S-1 Grams of this salt were addni 
to 32 c.c. of an aijtu'oii.s solnlinn containing 5-71 grams of /-nialit 
acid. After heating on the w at (w- bath for half an ho\ii', the Hwir 
solution was cooled, and crystal lisatioi^ started, dim crystals vn-re 
drained ;ind washed with 10 e.e. of water. The air-dried jirodufs 
amounted to 6 grains, and the apaiysi.s conducted with a porticm 
dried at 120-130° gave Xa - l3-2^(eal(‘. 13-4) per cent. It 
dextrorotatory] 2-5 gram.^ of it were neutralised with sodium 
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livdt'oxWe and the whole of tho solution was examined in a 2-clcm. 
tube, ^vlien the value an -f 0-37° was observed. The Muinerieal 
value of this dextrorotation w'as increased tho addition of boric 
•irkl. 1'5" Grams of the crystals were mixed with 1-5 grains of boric 
■u'ul. and Ihe aitucous solution of the mixture gave 1-0-77" 
(/ d). 

I{((bi(rnim Ifi/drogpii AV/re//nde.— This salt wasproparedby neutral- 
isiiiii racemic aeid with rubidium hydroxide ami then adding the 
(•alciilated amount of A’-siilphuric acid to the hot solution ; crystal- 
]i<atiuM of tlie acid salt started quickly on cooling. Rubidium 
livdmgcn racemate ({)'8 grams) was dissolved by boiling with 130 e.e. 
(if ail aqueous solution containing o-b grams of Amalie acid. The 
cr\'stals which separated from the cold solution amounted to 
7 -() grams, and an anal 3 ’.d.s of the air-dried salt gave Rb — 36*0 
((’^HjOgRb requires Rb 3G-4 per cent.). The aqueous solution 
prepared by neutralising 1 grams of this salt with rubidium carbonate 
gave an 0*34'' when examined in a 2-dcm. tube. 

In order to make certain that tlii' activity* noticed was actually 
caused In,- the agency of malic acid, riri)idium hydrogen raeemato was 
rrystallbed from boiling water, and the optical inactivity of the 
crv.dals which separa.ted ckderminod. 

i'amon H iidrogen Rna mnk . — 'Ten grams of this salt were heated 
'.liiii ht'.l c.c. 01 an aqueous solution containing 4’() grams of /-malic 
iukl. 4*8 Graims separated (hound: Cs — 47*1 ; eale., Cs = 47*1 
pvt’ (•cut.). 3';) Grams were adchal to v\atcr an<l neutralised hy 
(wsiuiii carbonate; when polarimetrically examim'd. the solution 
gave a distinct shadow in tlu' dextru-dirt'ction, the Vi'diic noted 
being i 0* 1 1 “ *J], 

Xo oiitical activation nf racemic acid was (daserved to have 


taken place wtien tho billowing optically aedive acids were sub- 
i-titiited for /-malic aeid : /-laetie acid, /-miuidelio acid, /-aeetylman- 
delic acid, d-cthoxysuccinic acid, d-diiuedhoxvsuccinic acid, d-di- 


UK'tlioxysucciuamic acid, /-})lu'i'i\bnetlinxvacctic acid, /-tropic acid, 
/•):-iiydroxy-ri-p}ionylpro{nonic acid, d-bhydroxy-(i-plicnylpro[)ionic 
acid, /-(panic acid, d-camphorie acid, /-camplianic acid, /-asparagine, 
/•aspartic acid. I’iu' proccdurt' was on tlu* ]inc.> which gave po.sitive 
UMilts with /-malic a(*id, tiu' aetivi* acid in I'aeh ease being added 
h) the aqueous soluliftn of [lotassium or sodium raeemati*. The 
n'>ulting ciTstals ('xhil.iiied m» distinct ojilical aetivit}’ when 
examined in alkaline solution. Moreover, when j>ota ssiiiin lunlrogen 
nucinate was dissoivtd in an a([ueo!is solution of /-mandeiic aeid, 
piC(/r\Mals wliich sejiaratc'd wra:.' optieally inactive wlmn examined 
t le usual way. .\ .'^imilar I'csnlt was obtaiiu'd when aqueous 
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solutions of (f-camplioric acid, ^-aspartic acid, t?-p-hydroxy-^-pheny|. 
propionic acid, and ri-dimctiioxysuccinic acid were respeetireiv 
employed as tho solvent for the potassium hydrogen racemate. 

Mandelic acid has flic ])ropert\ of forming acid salts, for exaffip]^. 
barium hydrogen r*iiiand('latc (T,, 1800, 75, 960). Potasduifl 
hydrogen r-mandelatc can be easily prepared by neutralising 
delic acid by potassium hydroxide and adding to the ac|Ueoui; 
solution an amount of mandehc acid equal to that neutralised. Ttp 
acid salt se])arates from water in glassy prisms, and mandelic acid 
is obtained from its aqueous solution by extraction with ether, 
The acid sodium salt, ]n'cpared in a similar manner, separates from 
water in jjrisms grouped in rosettes, Mandelic acid, unlike racoiihc- 
acid, undergoes no optical activation wl]atsoe\'er when examiiK'd 
in its behaviour towards hmaiic acid. Ihc salt obtained by adclinj 
/-malic acid (1 mol.) to the .<;olution of .soflinm mandelate prepared 
from mandelic acid (1 mol.) was found to be optically inactive in 
aqueous solution, and it gave /'-mandelic acid on extraction with 
ether, Analv.sis of this salt ,(Ia^■e Xa = O'O. 

OK-CHrh-C()Ji,OH-CHPh-CO,Xa 
requires Xa = 7'0 ])cr cent. 

X’eithcr acid sodium mandelate nor acid potas.sium mandelatf 
is activated by ery.stallisatiou from an aqm'ous solution of /-nirdic 
acid. The acid sodium mandelate ohtaijied by the addition of (Ir' 
requisite quantitv of ^/-tartaric acid to an aqueon.s solution of sodiun! 
r-mandelate wa.s also devoid of oj/tical activity. 

Finally, in placi' of racemic acid, r-dimotlioxysuecinic acid u;e 
taken. Barium /•-dimethoxysuciiiiate (12 grams) was converted 
into the potassium salt, to tho aqueniis solution of which /-malic 
acid (1 grams) was added. 3'0 Grams of pntas.sium hydrogeii 
r-dimotlioxysucciiiate were isolated, and when this was neutralised 
no optical activity at all could be deti'cted. 

Addition of VMaJio Acid to Potimivm Racomle. 

16'8 Grams of racemic acid (1 moI.) were neutralised by aqueoii> 
potassium hydroxide, and tlic .solution vas made up to >S4-0 c.c. 
To the warm solution /-malic acid (13'4 gram.s, 1 mol.) was added, 
and cr^V'^lais soon hrgan to separate from the clear solidinn. 'Iht' 
crystals (17'7 gra.ms) were ncuLralised by p-ot;!s.--ium liydroxidc, and 
the solution (177 o.o.) wa.s examined iu a 2-dem. tube containing 
about 15 e.c. The value - (KhT was observed. The potassiiiiii 
salt contained in thi.'; solution eoi’resptmded with 15'S gram? o 
racemic acid, and the .<<o}uti(Ui after dilution was accordingly treato 
with 12'6 gi'ams of /-malic acid (4 mol,). The resulting enstas 
were again neutralised, ami after ])olari.metrie examination of a 
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rtion of the solution the whole of the latter was treated with a 
fresh quantity of malic acid. This process was repeated several 
tiiaes, with the results tabulated bellow. The volume relationships 
^vore comparable throughout; in the crystallisation of the sparingly 
soltiblc acid salts the conccntratioji corresponded with 1 gram of 
rtcpmic acid (hydrated) in 50 c.c. of solution, whilst for the })olari- 
iiietric estimation the acid salts wore neutralised by potassium 
hvilroxide and the volume adjusted so that 1 gram of acid salt 
contained in 10 c.c. of the neutral solution. The crystals in 
o;icIi case ^^■el•e weighed after having been diied at 100° for one 
hour. 

In the following table, A = eqiii\'aient weight of racemic acid 
llivdratcd), calculated from the weight of crystals ; B ^ weight 
(,f malic acid (1 mol.) ; (J — total volume ; D — weight of crystals; 
E ^ rotation of crystals after neutrali>i,'ition by potassium hydroxidej 
r^lO. 


A. 

B. 

C, 

D, 

E. 

10-8 grams 

12-0 grains 

790 c.c. 

14-7 grara.5 

-0 0-37" 

1:M3 „ 

1047 ■ „ 

0-7 n ,, 

12..72 „ 

0-54 

IMS „ 

S-92 „ 

.779 

9-0(; 

0'(52 

S-'j 


44. i ,, 

7-02 „ 

0-G8 

fi-Sl „ 

a-!3 ., 

340 „ 

7-97 „ 

0-G6 

yu „ 

4-20 „ 

207 „ 

4-08 ,, 

O-GO 

4TS „ 

3-34 

209 „ 

3-41 „ 

000 


The solution (34'i e.c.) containing t];e liu.il product (3’Tl grams) 
^vas evaporated and tlie whole of it exaiiiiiLed in a 2^dem. tube, when 
the value -f l’3o° was observed. Tiiis dextrorotation was 
intensified by the addition of boric acid to the .solution. 

We desire to express our lhauks to the Carnegie Trust for the 
assistance afforded in the prosecution of this rosearcli. Wr are 
niso indebted to Principal Irvine for placing at our (li.<[>osa! specimens 
of zinc aininoiiium cMaetate and bar'inm /'-dimcthoxysuccinate, and 
lo Dr. C, It. Young, ^^-ho pro^■ided us with d-dimethoxysuceiiiamic 
acid. 

UxivER.'^rrv Coixegf, Dl xdec, 

Uxiversity or St. Amxowvs. [Jkccivcd, January Uih, 1922.] 
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XLVJ. — Eapid lodouicirlc Ed i mat ion of Coppfi, 
ajid Iron in jllixlures of their Sails. 

By Ian William Wakk. 

The iodonu'trin nit'thod of analysis has long been iisc'd in f),,. 
cstiniaiioiv of eop])er, and the oonditions under Mdiich tlie best ivsiilt.; 
arc obtained are now well knov.'n. Although an analogous ii\etlio(| 
is availabk' for Iron, little use has been nuule of it, ou’ing to tl^. 
number of good methods already veorked out and parti)', no (hmljt 
to the high cost of potassium iodide. 

This method of estimation of either metal must llum'fore tkil 
in the presence of the other. Moser {Z. anal. Chem., IhO-t, 43. yt;: 
has put forward a inethod by which copper can bo o.stiauitc-cl 
in the presence of iron salts. By the addition of sodium jjyrophos- 
phate to either cupric or feri'ic salts, ])recipitatcs arc at first formed • 
these dissolve in excess of the phosphate. In the presoncie of acetic 
acid, both the soluble complex and the insoluble phosphat(! liberate 
iodine from ])otassiiim iodide in the case of co])])er, but not in that 
of iron. So if phosphate’ be added to a mixture of copper and iron 
salts, and then an iodoiiielric titration [lerformed, the re.mlt wi]! 
correspond with the eo[)pcr prc'sent only. 

Ley {Chem. Zig., 1017, 47, 703} lias ])roposed an extension of 
this process, by whieii ii'on can also l)e estimated. Copper is liisi 
estimated by Moser's method. The original solution is tlicii 
titrated without addition of phosphate, ^rlien the iodine liberatf'd 
corresponds with the sum of cop]ier and iron. Iron is then calcu- 
lated by difference. Lc‘y sc-ems to liave lieen ignorant of the excel- 
lent work of Moser, and it is difficult to judge the accuracy of tlie 
method from his paper. 

The method propo.scd by the present author takes advanlage 
of tlie fact that although ferric jihosphate in the presence of acetic 
acid does not liberate iodine from ])otassium iodide, it does so in 
the presence of mimu'al acids. Copper is estimated iodometricoily 
after addition of phosjihale. !>)■ Mosm-’s method. ^lineral acid b 
now added to the titrated solution, when a second liberation of 
iodine, corre.spnnding with tlu; iron [iresent, occurs. 

It is obvious that the metliod effeets a great saving in time and 
materials in eom]jarison with Li’v's method, rendering it suitable 
to e.stimations which arc reipiired cpnckl)'. It is very accurate whore 
the metals are present in approximately equal amounts, and gives 
fair results over a wide rangic , hurthermon', iron is directly 
estimated. 
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K X P E K 1 M 1-: N T A I. . 

}>:sli}}w(io)i of lro}i Momdnm}hfr---\i was tliought advisable 
;,i r;u'J’y out a prtdi rain ary serins of exjieriinonts on tliis e.stiraation. 

results showed tliat if tlu‘ following conditions are observed, 
,.,, 0(1 results can bo obtained. 

(1) The solutions should be raoderatedy coraxuitrated. 

(T) An CNCicss of potassium iodide over that required by the 
j-ijuatioii F('Cl 3 -7“ — hetdo -r Ivti -- i ts n.;a*cssary. Tliree grams 

oiilicc for Od grain of iron. 

[it) hi order to iiiereas(‘ the velocity (d thc' reaction, a few c.c. 
,,f dilute mineral acid should lie added. A large amount of acetic 
ludd .-’liould he avoided, since this would lowci' the result slightly. 

(4) Tt is advisable to commence the titration five minutes after 
adding the potassium iodide, and to work in a stoppered flask, 
whic-li should b(^ 'well shaken IxTore the end-point is reached. 

(.1) With dilute solutions, it is advisable to double thc amount 
uf potassium iodide, and to raise the temperature to 50® after the 
rnd-jiuint i.s reached. A small amount of iodine may then be 
liberated by hitherto unreduced iron. This .should never correspond 
with more than about 1 per cent, of the total iron. A/lOO-Solu- 
tioii can be used if these precautions are observed. 

As ferrous iodide is not precipitated, thc end-point is observed 
much more easily than in the case of copper. It is quite easv to 
detect it even when the solutions arc A^/IOO. Xo indicator is 
i‘e(|uired. 

lable I will give an idea of thc degree of accuracy of the method, 
and illmstratc the kind of evidence on which the aliove suggestions 
are based. Further figures can he seen in a nx-ent paper byKolt- 
liotf {PhowL ]] e<'khhi(f 1921, 58 , 1510), where thc author claim.s 
that it is better to w’ork with ehlm’ides than '\^■ith sulpliates. It 
ivould appear, however, from the present work that, if .sufficient 
potassium iodide be added, it is quite safe to work even 'ivith sul- 
piiates. borne results on the '\’clocity of the reaction in neutral 
■>oi(ition have been published by Seubert and others {Z. anorg. 
f/frw., 1894-1805), but no attempt was made to apply tlie process 
to the estimation of iron, 

flic solutions Iicre employed wei'c A^'lll-fi'rric sulphate and 
^ hb.sodium thiosulphate, The former was standardised gravi- 
I lotrioally after precipitation with ammonia : the latter against 
piTi* copper {Low.s metliod), W hei'o the above recommenda- 
tions have been followed, tlie error is alw'avs within 5 parts 
per 1000. 

Ten c.c. of iron solution were used throughout . 
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Table I. 

C.c. of 




C.e. of 

Time of 

iN a2320 3 


Grams of 

C.c. of (tA'- 

80% acetic 

keeping. 

(Tiioor. = 

Error 

K1 added. 

JT.SOj. 

aciil. 

Alinutes. 

10 c.c,). 

per com. 

0-5 

_ 

— 

u 
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10-02 
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5 

10 

15 
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B. Effect of Phosphate oh ih Copper Eslfiuation. — Kxpcriiuenu 
were now carried out wliicii .showed that the addition of disudiiiiti 
phosphate to a copper solution containing free acid W'as without 
influence on the end-point. If more than 2 grams of plio-spluitt 
be added per 0‘1 gram of copper, it is necessary to add a comichi. 
able amount of acetic acid in order to get a riieoretical yield of 
iodine. The temperature, tlio amount of mineral or acetic arid, 
and the nature of the precipitating phosphate arc without influence 
on the end-point, 

C. Effect of Phosphate on the Iron Estimation. — If about three 
times the tlieoretical amount of jfliosphate which would be neces- 
sary completely to precii)itate the iron as ferric phosphate he 
added, no iodine is iiberated even in acetic acid solution. At Sh 
the liberation has not begun. Free mineral acid docs, however, 
liberate iodine even w'hen a large excess of phosphate i.s present, 
and if .‘sufficient acid be added, a tlieoretical yield of iodine will he 
obtained. It is advhable to set the mixture a.sidc for a few luiiiutts 
before titrating. 

D. Estimation of Copper in the Presence of Iron. — i\Io.ser ha,s .dioun 
that copper can be fairly accurately estimated in the preseiice of 
iron by his method outlined al)o\'e, His results have been eonflriucd. 
and the following conditions are put forward as satisfaclory. 

(1) The solution niu.st not eontaiu free mineral acid. If it H 
acid originally, the free acid is best neutralised with animoniii 
as moderate amounts of aintnonium salts do not seriously aft'cct ilic* 
end-point. If iron b(' present in the ferrous state, boiling with 
a few drops of bromine and sulpliiiric acid will readily convert it 
into the fenic si ate. It is, of couistc necessary completely to exprl 
the excess of bromine tty boiling. ' 

(2) The solution should be as concenlraicd as pos.sible. 
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(3} Tlirc<^ grams of potassium iodide aixd o c.c. of' acetic acid siiould 
1,0 addc<i for each Od gram of total metal present, and 2 grams of 
(li^ddumi phosphate for each Od gram of iron. 

(4) The mixture should be Icept for li^'c or ten minutes before 
titrating. 

(5) For mixtures low in eopirer (less than 5 per cent.) double 
this amount of phosphate should be added, After titration to 
the end-point the mixture sliould be ^\■armed at kept for another 
tivo juinutes, and, if necessary, more lliiosulphate added. 

Some idea of the accuracj^ of thi.s method can be gained from 
Table If (ignoring the last two columns). If these condition.^ be 
fulfilled. th(! error should tiot exceed O'o per cent, of tire total copper, 
and will usually be lc.ss. An attempt has boon made to extend the 
method over a wider range than that investigaled in Moser's work, 
but it is licre pointed out that the accuracy of the method neces- 
sarily falls olf as the ratio of tin> w eights of the Iavo metals inereas- 
itigly differs from unitNc 

K. Estimation of both Copper and Iron in Miiiures . — In this 
section the method propo.scd by tire author is discussed. Copper 
is first determined as in I), Then to the titrated mixture sulphuric 
acid is added, when a second liberation of iodine corresponding 
with the iron occurs. Thu.s a second titration against thiosulphate 
dves the ii’on content. 

In addition to th(^ nwonimendations already made under 1), the 
following are added. 

(1} Ten c.c. of 6A -sulphuric acid sliould be added per OT gram 
of metal. 

(2) The mixture should be kept for five or ten minutes before 
titrating. 

Table 11 illustrates the lyjic of results Avhieli ai'e obtained by the 
metlKxU of this and the ])rcee(ling section. The co})pcr sulphate 
solutions wert' standardised (dectrolytically. In those experinieiit.s 

4. (j, 8, Itl, 12, 15, 16) where the above instructions have been 
fairly closely followed, tlic error is almost always le.ss than O’o per 
of the metal present, and often smaller than that. 

Jlie method bccnme.s more troublesome witli such low percent- 
agon of copper as in 11 and 12 (I'o per cent.). In order to get the 
dK-oretieal value for copper, a large excess of phosphate must be 
added. On addition of sulphuric acid, this retards the liberation of 
iodine. (8ee D 5 aliove.) For such cas(^s, it may be expedient 
to use Ley’s method. The motliod remains good with low per- 
u-iitages of iron, luit IToiu its nature is unsuitable for very low iron 
content; a separation seems impossible in these eases. 

It is not claimed that the method is exceedingly accurate over 
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yerv wide range. It is, however, a rapid method, capable of 
l^ivjjjcr rosiills quite good enough for most purposes, and should he 
n^efiii particularly when^ apparatus for clectrf)lysis is not available. 


Sumninr}/. 

(1) 'I'lio iodometric estimation of irmi iias been investigated and 
((-rfidii reeomniendations havc^ Ixam put forward coneerning its 
jpiici.it ion. 

"(•j) The ell'ect of phos]>hat(' on the iodometric estimation of {«) 
ccpP'T. Uf) J^iHidied, 

(/i} A nu'thod for tin* eslbnatioii of eojiper in the presence of iron 
p.. iieen examined. 

j.') An ('\t{aision of this meth.od has beam put forward l)y uhieh 
linti! copper and iron can be estimated in the same solution. 

The preliminary ])art of this work was eariii-d out at Alelliourno 
[diversity, and the author wishes to express his thanks to Pro- 
fi:‘s.x)r Masson, who, by assistance in many wa 3 's, rendered the work 
pD.-dhle. 

t'.VIVI'irSlTV OF iMELHOeRXK, AND 
Umvi:j{SITy Colliod:, LoNix^N. 

[Rrain^l Fehruary Sth, 1022.] 


\L\ IT.- The Comhisfion of Complex (famous Mixiior,'^, 

by Wu.r.TAAr Pavmax and Kk'Hakd \'eh\o\ Wheeler. 

With eacli of tlie paraffin ]pvdrocarl>ons the speed of the uniform 
111 1.1 rein etU of liame in its limit mixtures with air is approximately" 
the same under standard conditions of experiment. Thus the 
sjioods as tjei('rmined in a liorizontal glass tulie -‘o cm. in diameter 

iire : 

S[k'(.hI of unitbi'in inoYi'iiienl ui fianio. Cm. jkt see. 
bu^v('r limit iiu.viiU’C. Uj'jier limit rni-vture. 


Mi.'tliaiie 2:1- Itl-l 

Ethane lS-1 111-7 

Projumc 20-S 20-3 

Butane 2(1-1 20-3 

Fentunc 2(.)-2 20*2 


fnder the same conditions of experiment, a])proximately the 
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same speed of uniform movement of flame is obtained with all 
limit mixtures of methane, oxygen, and nitrogen, and, for example 
with an equi molecular mixture of methane and pentane at it' 
limits with ah : ' 


8}wcd of uniform movement of flar ^ 
in a horizontal glass tube 2’.j cm ’ 
in diameter. Cm. per sec. 


Mixture. 

Metbano with atmosplicro 


Loiver limit 

bpper limit 

containing 

mixture. 

mixture. 

13-7 per cent, of oxygen 
Methane witti atmosphere 

containing 

21-<J 

19-1 

17-0 per cent, of oxygen ... 


22' 1 

19-0 

Methane with air 

SIcthane witli atmosplicro 

containing 

23-3 

10-1 

33-0 per cent, of oxygen ... 
Methane with atmosphere 

containing 

23-0 

18-9 

5()'() per cent, of oxygon ... 
Methane wIlli lUmosplierc 

containing 

22-8 

18-0 

CO-0 fier cent, of oxygen ... 


21 '3 

19-4 

Methane with oxygen 

Equimolecnlar mixture of mcthaue and 

19-9 

lS-9 

pontaiio witii air 


22-3 

20-7 


In general, if a limit mixture with air of one gas is mixed, in 
any proportions, with a limit mixture with air of another 
the Speer] of projtagation of tl;uno in both mixtures being, a.s it h 
approximately I he same under the same conditions of oxperimom. 
the speed of propagation of flame in the rc,sLiltant complex niixtnn 
(which is also a limit mixture) is unchanged.* 

This law, which can be termed tlic law of speeds of flame in 
complex ga.seoiis mixtures, can he shown experimentally to hold, 
with considerable accuracy, for the proixagation of flame, not onlv 
hi limit mixtures, but in all mixtures of inflammable gase.s mtli 
ah (or oxygen), provided that the ]))ixtures of the individual gases 
are of the same tj'pe, all oontaining excess of oxygen or all con- 
taining cxce.ss of e(,)nibnstiltle gas. For example, a mixture of 
methane and air containing “■30 ijcr cent, of metliane, and a 
mixture of pentane and air (-ontaining 1'98 per cent, of pentane, 
were prepared. In these iwo niixtnre.s tlm S])oed of the uniform 
movement of flame under the same conditions of experiment h 
the same, about 40 cm. per see, in a horizontal glass tube 2'5 cm, 
in diameter, and tlicy hotli eontain excess of oxygen. The 
mixtures were combined in varying pro])ortion.s and the speeds 
of the uniform movement of llajiu' in the resultant complex mixtures 
then determined, as folio sv.s : 

* Provided that the liiait inixLuros of tlio iiitlividual gases are of thesaraP 
type, t)oth lower or both upper. 
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speeds of uniform movement of flame in a horizontal glass 
tube 2 •.'5 cm. in diameter with mixtures containing 
T'Sa per cent, of methane and 1-9S per cent, of pentane, 
respectively, mixed together. 


Methane mixture. 

Per cent. 
100*0 
76-0 
50-0 
25-0 
21*2 
nil. 


Pentano mixture. 
Per cent, 
nil. 

2.5-0 

50-0 

75-0 

78-8 

100-0 


Speed of flame. 
Cm. per .see. 
.30-3 
.30-2 
30-6 
30-9 
30-2 * 

40-1 


* ifethane and pentane in equimolocular proportions. 


It will be seen that the speeds are identical within the limits of 
experimental error. 

Similarly, two mixtures containing exces.s of combustible gas 
\vere examined in the same manner. These mixtures contained 
IPOO per cent, of methane and 3 54 per cent, of pentane, respec- 
tive! v, and the speed of the uniform movement of flame in them 
was about GO cm. per sec. in a horizontal glass tube 2- 5 cm. in 
diameter. 


Speeds of uniform movement of flame in a horizontal glass 
tube 2-5 cm. in diameter with mixtuies containing 11-00 
per cent, of mc-thane and 3-.54 per cent, of pentane, 
respectively, mixed together. 


Methane mixture. 
Per cent, 

100-0 

75-0 

50-0 

2.5-0 

24-4 

nil. 


Pentane mixture. 
Per cent, 
nil. 

2.5-0 

50-0 

75-0 

75-6 

100-0 


Speed of flame. 
Cm. per see. 
oii- 1 
5<M 
00-3 
59-1 
59-1 * 

59-6 


* Methane and pentane in ecpiiraoleeular proj^ortions. 


Further e.xamjilc.s of tlie experimental VGrification of this “ law 
of specd.s” witli a number of different inllaminable gase.s in 
admixture with air or oxygen are given in T., 1919, 115 , 1446, 
14-)4; 1920, 117 , 48. It can be stated as follows : Given txvo or 
more mixtures of air oi' oxygen with different individual gases, in 
each of which the sjjeed of propagation of flame i.s the .same, all 
eombinatiotis of the mixture.s of the same type * ]iropagate flame 
at the same speeds, under tlie same conditions of experiment. 

It follows that, so far a.s the propagation t)f flame is concernetl, 
a mixture of a number of different combustible gases witli air 

* All containing excess of oxygen or nil containing excess of combustible 
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(for example) can be regarded as the summation of misturcv 
each individual gas ^vith air, the proportions of combusti])](- . 
and air in each being such that the s[)eod of liamc in it, if pj,, 
mixture were burning aloiie, ^^'ould be the same as in the coivniic^ 
mixture. 

For exarufde, a mixtun' of air, methane, and hydrogen C(,r 
tairiing 9'00 per cent, of tlio oquimoleeular mixture ('H^ p 
(or 4*;j per cent, of each infiainmablc gas) propa.gates flame, iinflr-i' 
given experimental conditions, at a spc(‘d of 45 cm. per secdiif] 
Under the same cxpcriiiuailid condii ions, a sjumhI of llaiini (■/ 
45 cm. per second is obtained witli 7’(>5 per cent, of methane :\]hii,. 
in air. Tn this simple mixture, the Thin per cent, of mctlianc is 
as.sociatcd wilh (lot) -- 7'(i5) per cent, of aii'. According to tlu' 
“law of .<pc('ds,’' tlK'ndore, the 4’5 ])f'r rcnl. of mctlmnc in iIk* 
complex methanc--hydi‘og(‘n air mixture p'ostulal cd is assoeiatt-il 

with (loo — 7d)5) per cent, of aii'. Simihu'ly, und(T tlie saiiK- 

exporimental condition^', a .s])ced of flame of 45 cm. per second i> 
obtained with lO'OO per cent, of hydrogt'n alone in air. In the 
simple mixture, the lO'flO per cent, of hydrogen is associated wifli 
(100 - lO'OO) per cent, of air: therefore in the complex inetliaiu'- 
hx^lrogen-air mixlure llie 4‘5 }5er cent, of hydrogen is assoeiaUd 

witli {100 — lO'OO) ])er cent, of air. The ratio between 

(a) the air associated ^\ith, or monopolised by, the inethaue, ml 

{b) the air monu])(dised by th(' hydrogen, during (he pro])agatifjn 

of flame in the complex jnetInuK' -jiydrogen-air 7uixtur'e, is thus; 

7-65 ■ lO-OO 

In the mixture eliosen for iln.s example tliere is .suffleient oxygen 
present in the air to l)iu‘n all the meihane and hydrogen eoin- 
plctcly. Let ii.s consider oik* i't wmieh the o.xygen is in defect. 
A mixture of air with 1S'80 jn i’ eeni. of the cquimoleeular mixtiirf 
CH^ -f H 2 (1)'4 per cent, (d erich intianuiiable ga.s) projiagatfs 

flame under givtai expei'iinental eoiulitinns at a speed of <i0 cm. 
per second, t’mh'r tlie saim conditions, that .s])eed of flauie is 
obtained with eitlier lU'S5 per of methane alone in air er 
71 '00 per cent, rd hydrogen alone in air. In thewe simple mixtiircj 
the methane i.s a.^socialed with (100 — 10’S5) per cent, of air mid 
the hydrogen with (100 — 7T0t)) ])( r ('cnt, of air. In the complex 
methane hydrogen-air mixture, therefore, the 0'4 per cent, of 
0'4 » 

methane is a.’^socialed ^citll ' - (lot) — lO'So) and the fl'l poi 
lO'oo 
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9.4 

ccsit. of iiydrogen with (1(K) - TID) per cent, of air; so that 

nitio between tho air monopolised by methane to that mono- 
jvlbed by h}'drogen during the propagation of flame in the complex 
mixture is : 


100 - lO-Bd 

10-8o 


100 - 71-0 
71-0 


- S‘2 :0-l. 


in tljis mixture there is insuflieicnt oxygen to burn the 
i\hoie of both the nu'thane and tlie hydrogcui, it must be presumed 
'h;it the relative prot)OJ*iions of oxygen tliat \\il] combine with 
di(' methane aiid the hydrogen respectively will be determined 
hv the relative amounts of air monopolised by eacli during 
the propagation of flame at tlie given si)eed. 

In (leiieral, it can be conclutled that duritig tlie propagation of 
iliime in a mixture of .several inflammable gases v ith air at a given 
'^lieed, the gas which will monopolise the most oxygen is that 
v.liich Vv'hen burning alone witli the same speed of flame is associated 
\dtli the most air. 

These are natural deductions to draw from the law of speeds. 
TIk'V have been tested expin’imentally, in a manner now to be 
(loscnbcd. 

Su|j))o.se that flame is allowed to trax'el through a mixture of 
iiiftlK-uie, hydrogen, and air, the oxygen present being insufficient 
hir the eoni[)li;te combustion of both gases, if the deductions 
[Jnnvn from the law of speeds (which holds i’('mat'kably closely 
for mixture.s of methane, hydrogen, and air) are correct, then the 
|iro(lucts of combustion of the complex mixture should have the 
sfiiiie composition as when a methane air mixture and a hydrogen- 
air mixture arc inflamed sejiaralely and thi^ product.s of combustion 
nf each are mixed tog<‘tlier. provided that the speed of propagation 
uf flame in the two separate mixtures is the same' as in the eoiiiplex 
mixture. 

The determination of the distribution of oxygen between different 
Mammable gases sueli as methane and Jiydrogen is complicated 
by the occurrence of tho secondary ’ water-gas reaction,'' which 
inmlities the composition of the final products of combustion. An 
increase or decrease in the volume of carbon monoxide found in 
the flnal gases, abo\e or below that formed before the water-gas 
reaction came into play, is, however, accompanied by a corre- 
spoiiding decrease or increase in the volume.s of carbon dioxide 
and hydrogen found, according to the eipiilibrium C’Oo + Ho 
CO -i- Hd-), and calculation can lie made of the amount of change. 

Ilu’oe series of experiments can be recorded, as follow. 



Table I . — Li mil Mixtures toith Oxygan. 
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X. — Upper TAmit Mixtures with Oxygen. 

The cc)ubns^ihlc gases used were methane, hydrogen, and carbon 
monoxide. The limits were determined, within about 0’5 per 
for downward propagation of flame in a glass tube 2 cm, in 
(li-iinetfT and 40 cm. long, closed at both ends. Kach limit mixture 
ignited at atmospheric pressure; the pressure of the cooled 
vodiicts of combustion was then determined and analysis made 
of thc-m, whence the partial pressure of each product could be 
cilculated. The results of duplicate experiments arc recorded in 
Table I. 

Trorn the.se results it should be possible, if our deductions from 
the '' la^^' of speeds ” are correct, to calculate what would be the 
•ntstposition of the products of combustion of any mixture of 
these upper-limit mixtures, for the speed of flame is the same 
111 each. The mixtures were therefore blended, hvo at a time, 
tiie. blend chosen in each instance being that which contained 
;ii)proximately eqiiimolccular proportions of the two inflammable 
mises. These complex mixtures {whie'i were, like (he simple 
inixtur(‘s, upper-limit mixtures) were then ignited and their products 
,,f (.((Uihiislion measured and analysed. The results are recorded 
in Table U, whilst in Table III comparison is made between the 
values for the products of combustion obtained experimentally and 
those calculated from Table 1. In none of tlio exjierinicnts was 
carlKMi deposited, nor did more than a trace of oxygen remain 
uubunil. 

It will be seen that there is close correspondence between the 
"calculated” and “observed ” values for the individual xmoducts 
of combustion. 

W.—Uppi.f Limit Mixtures of Alethanc, Oxygen, and Nitrogen, 

The “law' of speeds ” holds, not only with respect to different 
iiillammahle gases mixa^d '^vith ox}‘geii or with tlie same “ atrao- 
qduTe ” of oxygen and nitrogen, but also with respect to the 
.'foiie inflammable gas mixed with different atmospheres." ilx- 
ijcriments were therefore made to detcrmiiie wlietlier liie com- 
position of tlie products of combustion of aiqy mixiure of methane, 
oxygen, and nitrogen can be calculated, given the compo.sition of 
the products of combustion of two other mixtures in wiiich the 
proportions of methane, oxygen, and nitrogen are different but 
in which the speed of llame is tlu' same. 

The mixtures chosen to su[)ply the experimental data from 
which to make calculations were tlie upper-limit jnixtures (down- 
ward propagation of flame) of methane with (1) air and (2) oxygen. 
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ti'.st mixture, on which to chock the calculations, was pre- 
pared l)y mixing these tu'D mixtures in approximately equal pro- 
porii"!'^'- The results are recorded in Table IV and the “ observed ” 
■iod ■■ calculated ” values for the products of combustion are 
^vnipiircd in Table V. When obtaining flic caleiilated values, 
.piovaiice was made for the fact tiiat for experiments Nos. 8a 
,;„d 8/> exactly equal parts of mixtures 1 and 7 M-ore Jiut taken. 


Ill of Scrrral Coinbiihiiblr (rilh JaV, Oxyijcn heimj 

in Dop'd. 

Kiir tills seiies of experiments, mixtures were elioseii in which 
tlic speed of uniforni movement of lliiiiie in a horizontal glass 
pihe '}\) cm. in diameter was 3U cm. ])er second. The lube used 
uas 150 cm. Jong and the llamcs travelled at a uniform .speed over 
;i distfuioe of 100 cm. At a distance of 25 cm. from the open end 
(if the tiilv.a at whicli the mixtures were ignited, a .side-tube was 
t\is('(l with a gas-sampling arrangemeni attached thereto which 
(•iiablcd a .sample of the products of coiubii.stion to be secured the 
]jiomcnt the (lame had j)a.s.sed. 

The proportions of inlhimmable gas Tcapiircd to give a mixture 
ill which the speed of uniform movement of flame, under these 
Ciinditimis of (‘xperinumt, is 30 cm. per seeimd are : for methane 
and air 12-50 per cent.; for hydrogen and air 70'2() per cent.; 
and for carbon monoxide and air Cti-78 jaT cent. Each of these 
]nixturo.s M'as inflamed in the manner described and the analyses 
(if ihe products of combustion are recorded in Tiiblc VL The 
i'atio.s given in tliat table are calculated from the percentages 
of nitrogen in the mixtures before and after combustion. 

Complex mixtures wore now pi'e{iai’eil by blending the.se simple 
mixtures, eitlicr two at a time or three at a time, so as to obtain 
in tlieni approximately cquimolccular pro[)ortion.s of the various 
iiidaimnabli^ gase.s. The speed of flame in cmch of the.so complex 
nii.xtures, as in the ^dm])ie mixtures under tlie same condition of 
('.vperiiuoiit, m<is 30 cm. rici' second. The products of cnnilmstioii 
of these complex mixtures, are roci'rded in Table \TI and are 
mnipared with the caieulatcd \'alucs in Tabh' V\\\. 

There is in each .scries of experiments e!os(‘ agreement bet-wcen 
t^ie observed and “ calculated ' values for the products of 
comhiLstion of tiie complex mixtures, showing tliat our deductions 
hem llie law of .speed.s of flame in coni])1ex gaseous mixtures are 
rorrect. 

far as llie re.sults of tlu’ eombusliou of complex gaseous 
‘'fixtures with air {or oxygen) are concerned, therefore, tlie 
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combustion can be regarded as involving the simultaneous but i{)(| 
|)endent burning of a number of simple mix in res of the indivifjjj 
gases with air (or oxygen) in which the proportions of infiammai'i 
gas and air {or oxygen) are such that each mixture, if burninr^ ak 
would propagate flame with the same speed (under the 
conditions of experiment) as does the complex mixture. 

The “ IMalJre A/jhiitics'' of Methane, and Hydrogen for Oxyp^ 

The oliscTvalions we hax^c made (which, it should be poitucil out 
have no bearing on tlic character of the reactions that are takiu? 
place in flames, but refer only to the final effects of those reactiouv, 
seem to us to (flfer an explanation of tlie apparent greater “ afiinitv 
of methane for oxygen than either hydrogen or carbon monoxkb 
possesses whieli Bone has deduced from liis experiments on gascoui; 
combustion at high pressures {Phil. Trans., 191 o, [A], 215, 27x» 
In our opinion the methods of calculating the relative affinitip?'' 
used in that paper arc open to criticism, and ve think tluit t!ie 
results can be explained in a simpler manner. 

In order to make oiir criticism of the method of calculation 
clear, it will be necessary to quote the description given in Bone’s 
paper. The theoretical basis for the method of calculation is 
contained in the following paragraphs (p. 298) : 

“■ The jKjssibility of deducing from our bomb experiments a direct 
comparison between the relative affinities of methane and hydrogen 
in explosions arose from the fact that the primary oxidatinu nf 
methane involves a direct transition from CH^ + 0., lo CHjiOHjn. 
whicdi later breaks up into, ultimately, CO + II 2 + H^O, without 
any depo.sition of carbon. t\dience it follow^s that if mixture? 
CH^ d- O 2 4- .rlffi he exploded, the division of the oxygen between 
the methane and hydrogen during the extremely short period of 
actual combustion (that is, direct oxidation) may be deduced from 
the propoi'tion of the original methane found intact in the filial 
products, provided always that tliere is no separation of carbon, 
which, ill fact, is nover observed in such circumstances.'’ 

“ The experimental method consisted, therefore, in exploding a 
series of mixtures 01 1 j -f O,^ - - .rH 2 , in which the Inxlrogon and 
oxygen were initially present in as nearly as possible cquimolcciilai' 
proportions, but in which .r (the volume ratio of to CH,) wu> 
varied between 2 and 8, and determining from the percentage ol 
the original methane remaining intact in each case (1) the oxygen 
distrilnition when .r -- 2, and (2) the influence on such distrihution 
of succes.sivc equal increments of a; up to 8,” 

The exact steps taken in making the majority of the calculations 
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from Ihe results of these experiments appear to have been as 
: The partial pressure of the methane burnt is equal to 
the SUM! of the })artial pressures of carbon monoxide aiid carbon 
lioxide found in the products of conil)Ustion. d’liese products 
cm only arise, according to Bone, from the interaction of equi- 
inuk'cular propendions of methane and oxygen; therefore, the 
v\im of the partial pressures of carbon monoxide and carbon dioxide 
found in the products of combustion is a dirrxd measure of the 
pLirtud pressure of the oxygen used by the methane '' during the 
extremely short period of actual combustion.” Since the partial 
pressure of the oxygen originally present in the mixture was equal 
to that of the methane, therefore the partial pressure of the methane 
found unbm’iit after explosion must rei)resent the partial p:iressure 
r.f o.xvgeii that was prevented from combining with the methane— 
liocaiise it combined with hydrogen. 

Two oxamj)les of calculations from experiments with the mixture 
CH 4 -f 0 „ + recorded in Table IV {loc, cit., p. 299), will 
surice to diow the method : 


Expci'iioent Xo 


10. 

17. 


fCO, 

0 391 

1IG4 

Partial pressures in gaseous pro- 

Ico 

■B470 

lO-iUO 

ducts in atmospheres. 

iH, 

14',32U 

3d -.9219 


ICH, 

0'J70 


Percent, distribution of oxygon 

1 to CPl^ 

94-74 

93 G 

deduced from un burnt CH^. 

1 to H.> 


4-4 


Our own calculations from these result: 
described in the preceding paragrapli, arc^ 
i^CC\-\-pCO 
ji QO., -h p CO + P CH 4 


made in the manner 
Ib'om experi?nent IG, 

94-74 per cent, of oxygen combined with 


nicthane, and rur ^ d-2G per cent, of oxvgen 

p CO 2 d- p CO + p Cil^ ^ ® 

cuiubined with liydrugeii; and from experiment 17, calculated in 
the same manner, the corresponding values are 9o-G and 4-4. The 
identiiy of our results with those reeorded l)y Bone indicates that 
we liaM^ correctly followed the method of calculation he used."^ 

Ihe calculations themselves are open lo erilieisju on the score 
diat the results of them cannot but be inaccurate because, ( 1 ) the 
eiperiiuental mixtures rarely contained methane and oxygen in 
exactly equimolecular proportions, and ( 2 ) owing to experimental 
error, the sum of tlic partial pressures of cai-bon dioxide, carbon 


Our calcubitioiis give tbp, pumo rosulU thoso recorded in the paper 
la 10 out of the 17 experiments peii'oi'ined in Jlonib A. Tlio calculations 
U'oui die. experiments performed in Bomb B (1) in number) were apparently 
fiiado directly from the unburnt mc'banc, and not, an in the experiments 
With Bomb A, indirectly from the other products of combustion. 
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monoxide, and methane after explosion does not balance the 
pressure of methane in the unexploded mixture. In all r>ut oijf, 
of the twenty-six experiments of the series under discussion, 
carbon compounds ajjpear in the products of combustion 
can be accounted foi* by the original mctliane; sometimes nnifji 
more, as in experiment No. 23, in which 12‘1 atjnosplieres of 
methane produced Udo atmospheres of carbon compounds. 

We are primarily concerned, however, with the theoretical I,ks],, 
for the calculations, whi(‘h causes Bone to believe that they (lisclijM:. 
the manner in which oxygen divides itself betwe^en methane aid 
hydrogen “ during the extremely shoit^ ptuiod of actual com. 
bustioii.’’ It can be accepted as most ])robable that the primarv 
oxidation of methane invoK'OS the reactions CH^ -{’ 0^ — > 
CHglOH),^ — > CO + -1 1120. It is doubtful, however, whotlier 

this must needs be the only primary reaction. Ihere is cvidoiict 
from experiments recorded clsc^Oiere in Bone’s paper (Tal>le IJlj^ 
that when methane is exploded with Jess than its own quantity 
of oxygen, more methane burns than can be accounted for by tlir 
reactions CH^ 0., CO d- Hg + H 2 O. Bone himself adniiu 
the possibility of the primary reaedion + 0 — (.’11^011; 
taking place when mixtures of methane and oxygen in which the 
metiiaiie is in excess are exploded ; the possibility of this rciK-tion 
occurring when the excess methane is replaec'd by hydrogen mmi 
also be admitted. 

If this does happen, and there is no proof that it docs not, then 
the sum of the partial pres.sures of carbon monoxide and carhoii 
dioxide found in the products of combustion docs not give a direct 
measure of the partial pressure of the oxygen used by the methane, 
for they have not resulted solely from the interaction of equi- 
moleeular proportions of methane and oxygen. 

We therefore cannot accept the suggestion that Boiie .s f'Xperi- 
ments of necessity afford a measure of the division of the oxygen 
between the methaue ami Irydrogen during the extHunely shori 
period of actual eombiistiun (that is, direct oxidation). ’ hven if 
they did, which we do not admit, wc cannot understand why Bene 
should conclude Unit a measure of the '‘relative affinities’' if 
methane and hydrogen for oxygon is thereby obtained. 

The reactions taking place during '' the extremely short :prnocl 
of actual combustion " ]>resumaljly are not inslaidaiicous. 
have a finite speed, and lhat speed will be dependent on the ten)- 
perature at which they take place. It cannot be assumed that the 
reactions proceed at one fixed temperature. As j)ixon has poiiitrd 
out in his study of the combustion of mixtures of carbon nioiioM'.k 
and hydrogen {Phil Traub'., 1884, 175 , G23), Jiot only is the tiau- 
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wliich the reactions in a given “ layer ” uf a ga« mixture 
are taking place altering continuously, but the com]X)sitiori of the 
ii^ixtui'c is also altering as the reactions procc'ed, so that tlic 
linal tlivisioti of the oxygen rcpresei'its the suin or net result of 
its (lirifhng itself betveen the t\\o conibu,stibk‘ gases in a sez’ies 
(if different ratios during a series of sncccssi\'e moments.'’ 

fji our view, the results of Bone’s experiments follow as a natural 
(■oiisetjiicncc of the law of speeds of flame in eonijilex gaseous 
luixfnres as exem]>lified in tlie present paper. AVlien a mixturi^ of 
iiirtiKUie, liydrogeii, and oxygen, the (;xygen being in (hdect, is 
iiifiiinicd, the mcdhaiic must of neces-sity combine with the major 
portion of the oxygmi becduse the methaiio-oxygen association 
I that is required to yield the same speed of flame as the hydrogen- 
o.wgcii association is the richer in oxygen, 

Uid’dKTMKNT or Ib-rn Tjx jixoeuov, 

SuKFiiELD cxi\nKSiTV. [Rciiuxd, Janunrij 1922.] 


XL\'in. Tki Quaternary System Ammonium Chloride- 
hodiuni trtul'pluite—Amnioniuni h>uIphateSodiuin 
Chloride- IB ater. 

By AuBimT Chkrbl'ry David PiIVett. 

Tin: results recorded in this ])apcr represent an exteirdon of .some 
imanireiuents originally maele in order to ascertain the most suit- 
able ('(editions for tin' |.)roductiou of ammonium eliioride from 
aiijmonmin sulphate and sodium chloride in presence of water. 
The work follows the tisual lines (,)f investigations into quaternary 
ystenis comprising leeiprocal salt pairs and a soh'ciit. The deter- 
amatioM of tile solid jdiase, or phax s, has been made by the so- 
.alkd Te>iiiue ]net}n,!d, the extrajadation from solution through 
|V(‘t .solid to dry solid iicing made in an isoilierm wliieli requii-es 
iJiive diincnsfun.s for its graphical ivpivsentalion. Xo account has 
taken uf possihlc furiiiadon of mi.\(>d crystals in the .solids in 
•Tulibrmm^ with soluticuis. hUthongii variations in the cotn- 
foMtions of tliese solids from tliost' of liic pure individual species 
imisi of necessity occur (hJivi'tt, Chem, Xnr^, 11)21, 123 , 251), they 

i".. ccilaiiily very small in ail cases coming within tins ()articu]ar 

y.'itciii. 

B lias been decided to record the emnpositions of all .solutions 
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and residues in weights iJer cent. There is not yet any genera] 
agreement as to the best way of stating results, but this wrjuj^j 
seem to be tfie most generally useful method, provided that densitir.s 
of solutions arc also measured. It is a simple matter then to 
recalculate to any other preferred system on either weight or 
volume basis. Densities (r/j) have been determined to 1 part in 
1000 in all eases in Ihis worli with the exception of some of 
solutions at SO^. 

For gra})hical representation, tlio pyramidal method {Sehreine. 
makers, Yj. phi^/^^ikal. Chem., IDOt), 69, ooT) is jmobably the simplest 
The apex of the pyramid correspond.s \',ith pure water, the four 
corners of the base with the res])octive se.lts. This involves eal. 
culation and plotting of th.e results in percentages by tspiivalent 
but to save space, the recalculated iigurcs will not be quoted. 
In order tliat the surfaces bounding the region of umsaturated 
solutions may not be too congested towards the apex of the pvra- 
mid, the equivalent of water has beem taken as that represented 
by throws these surfaces nearer to the base. 

The temperatures whieii have been investigated arc 80^, fid', 
and O ', ^\'hilst in addition one particular point at 70" has 
been determined and tlirce (condensed) invariant, or five-phase, 
points as well. A perspective drawing of the pyramid for the 
most com])licated isotherm, that of '2o^, is giA'en, but for the others 
only the orthogonal projections on the base. 

Exjjcj'ijiii nidi Fiveed are. 

Suital)l(,“ eomph'.ves Imve ])cen licsited in sealed glass tubes to a 
temperature abov(‘ that to l)o iiuesUgated and tlieri rotated in a 
thermostat kejU at tlin ialier wliliin 0-02^^ in tlie 80"— work 
and within OT" in that at 0^, The time of rotation ha.s been from 
eighteen to (hiri\-siN hours at the higher temperatures and about 
eight li(.)urs at O'. These times are all far greater than are needed 
for equilibrium to be aliaiiied, e.'peeially from 40" upwards. Afln 
allowing tlu‘ solifi to settle, tlie toj) of a tube was removed and a 
delinite wdume of solution drawn into a pipette (previously warmed 
if necessary) through a c(.) ft on- wool filter. The solution was weighed 
and diluted to a suitahh! cNtent for the analytical work. 

Chloride radicle iias In'cn. estimated volumetrically by the \ol- 
hardt method; su!])inile gcvuimetrically as barium sulphate; 
ammonium by tl-.e usual (list illation proeediu’e. Sodium radicle 
and water have been calculatc-d by difference. The standards 
adopted for the volumetric A\ork havo been cale-spar and baritini 
sulphate. The results arc trustworthy to 1 i)art in 250 in the 
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case of solutions. With some of the residucsj particularly those 
separated at higli temperatures, a certain loss of water by evapor- 
ation vas inevitable, but this has never been suhicient to aSect the 
(iccluction of the solid pliases. 

The vapour phase has been neglected throughout, or, in other 
^vords, the system has been regarded as condensed.” 

Thenuometers have been compared ^\•ith instruments standard- 
j,o(.l at the hiational llijsioal haooratoi'y. The salts used have 
[jceii commercial “ Analysed Chemicals.” 

Exjjer mental ResidU . 

It is, of course, impossible to say how the radicles are combined 
in solution, if at all. Instead, however, of cxpx'essing results in 
terms of the separate radicles, the usual practice has been followed 
uf combining them in an arbitrary mamier. The arbitrary assump- 
tion adopted in this case is that ammonium .sulphate and sodium 
chloride do not occur together in solution, that is to say, they are 
” iiicompatible.” 

It has not been necc.s.saiy to determine anew all the essential 
points in the isotlierms. For the respective binary systems of salt 
and water the selected results in the Landolt-Bdrnstein-Roth 
Tabellen (1914) have been used. Full use has been made of the 
•>n.rkof Dawson (T., 1918, 113, 07!)) on the teniary sy.stcm am- 
monium sulpha tc-.sodi urn sulphate-water. Sfddell \Amer. Vhem. 
J., 19o2, 27, 52) has deteimined certain i.-'Othernis for (he ternary 
-ystom sodium chloride -sodium sulphate-water, and some of his 
ligiu'os have been adojjted. The juirticnlar Vraluc-s tahen from 
these authors are marked in the tables, In these tablc.s S sinmifies 
.solution and U residue; also E dciiotes binary, T ternaty, and Q 
oualernary, systems. 

lalilo 1 givc.< the results obtained at SO’ and Table II those at 

• llie orthogonal projections ot both isotberiiis are included in 
rig. 1. 

iliese isolljenus arc of the simplest possible type, containing 
yj four saturation surfaces, liacli pyrniiiidal model avill thus 
!-<■ divisible into Uveh-o regions. TTic one above the saturation 
mfaces will meliide all umsatiicated solm ions. Below tliese surfaces 
tye lull be four regions such tliat cinplo.vcs falling within them 
pil scparaie into one of the four .-idis, re.spcctivclv, and a .solution 
y surface; five regions in wliicli the separation will be into a 
y oi salt.s. capable of co-cxisting in the .solid state, ,and a solution; 
aliitiof°*** separation will be to tliree salts and a 

'■01. exxr. 



382 RIVETT : THE SYSTEM AMMONIUM CHLORIUE-SODIUM SULPHAjp 

it will be seen thiit arninoniuiii chloride and sodium snlphat,. 
can exist as solids in equilibrium with any one of a series rj 
solutions, but that ammonium sulphate and sodium cbloriiit 
cannot. 

Dawson {loc. ci/.) gives o9-3” as the temperature at which a neir 
phase, the hydrated double salt, Na 2 bi 04 ,(NH 4 ).,S 0 ^, 4 H 20 (whir-j; 
for brevity will be denoted henceforth by “ D.S.4 appears b 
the ternary system of these two sulphates and water. A tifb 

fio. 1. 



saturation surface therefore begins here and steadily expands 
the temperature falls. It w ill intersect on one side with the am- 
monium sulphate .surface and on the other with that of sodium 
sulphate. The solution in equilibrium with D.vS.4, anunonium 
sulphate, and sodium suljrhate (a four- phase or univariant system) 
will steadily alter in compos it ion as the temperature falls until a 
new solid phase, ammonium chloride, appears and the system 
becomes invariant. This point may be determined very readi} 
by the thermo me trie method. It is oO’O'' + O-Oo'’ (corr.) and 1 1 
concentration figures are those given under ISo. 30 in iablc 
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point is marked Invt. in Fig. 1. On cooling this complex 
fielovV 50°, ammonium sulphate disappears as a solid phase. There- 
-ifter the I).S.4 surface meets that of ammonium chloride as well 
those of ammonium sulphate and sodium sulphate. The relations 
become similar to those of Fig. 2, in which arc plotted the results 
for tO' recorded in Table ITT. 

Here the three-dimensional isotliorm will consist of sixteen 
(IPtinct regions, one above and fifteen belo^v the saturation 
,udVices. 

The tvpe of isotliorm remains unchanged until 32’3°, when 


Fig. 2. 



Xa,,SO,jJO-H^O (for brevity, to be referred to as ” decalpydrate '') 
iirst appears in the biliary .system sodium sulphate-water. Below^ 
this temperature there will thiuTdore be six saturation surfaces. 
This is the beginning of the liigliest complexity reached in the 
fpiateniary sy.stein. The dccahydratc surface increases steadily. 
At ih.ro'’ (Dawson, loc. cit.) in the ternary system ammonium 
snlphatc-sodium sulplial e-water an invariant point is reached 
ivhere D.S.4, sodium sulpliate, and decaliydratc co-exist with a 
■ -'diition. Below this, these three can exist together only m presence 
:''f a solution quaternary in composition, or in otlicr words, only 
if a degree of freedom bo given to the system by the addition of 
a foui'th component. At 25°, the entire quaternary system is 
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Fig. 3. 


(H-.0)to 



N&CI 

1, NH,C1. 2. NaCl. 3. (NKJ^SOi. 4. Na^SOi. 
5. D.S.4. 0. Decahydrate. 


Fig, 4, 





'i' 

NaCI 


cktined by the figures recorded in Table l\b wliilst Fig, 3 represents 
in perspectire (drawn from a photograph a model) the relative 
positions of the saturation suriaces. 
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The region of imsaturated solutions in Fig. 3 is that between ihf, 
apex and the surfaces. Below these surfaces there are ninetee), 
separate regions, and in six of them complexes yield one soiifj 
phase and a solutio:!; in nine, two solids and a solution; and it| 
four, three solids as well as a solution. The orthogonal projeciioa 
on the base of the pyramid is given in Fig. 4. 

With further fall of temperature the saturation surfaces ot 
D.8.4 and deeahydrato steadily expand, whilst that of anlivcluHis 
sodium sulphate diminishes. The lowest temperature at 
sodium sulphate ean exist in the t('rnary system sodium chloride., 
sodium sulphate-water, that is to say, the invariant point sodium 


Fig. 5. 



sulphate-sodium chloride-dcca hydrate -solution has been found k 
van’t Iioff and Meyerhoiler {SUzungsber. K. Akad. Tf/.ss. %•/’/!, 
1904, 1418) to be 17'9°. Thereafter the sodium sulphate .satur- 
ation surface lie.s wholly within the p^namid, that is, this salt can 
be in equilibrium "with quaternary solutions only. ,At certain dill 
lower temperatures there will then be two four-phase, univariant, 
quaternary’ sy’steins, naim'ly, amnionium chloride-I).S.4-sodiiiir 
sulphate-solution and sodium chloride-sodium sulphate-dcca- 
liydrate-solution, each of which will become invariant by production 
of a new phase on further cooling; although which will first reacli 
invariance cannot bo predicted. It has not been eon.sidercd woi’tl^ 
while to investigate this part of f lie system very thoroughly, kt 
some measurements whieli have been made by the thennoiuriric 
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*thod arc quoted under Nos. 81 — 83 in Ta])]e V, These point to 
the conclusion that the tirst invariant point, vhich i.s at 11 *3°, is 
th d at which the solid phases ain]Donium chloride, sodium chloride, 
oiliiini sulphate, and decahydratc co-cxist with a solution (No. 81 
.ir 8-)- atl^ompt to cool tljis .system further results in the dis- 
■qipearance of sodium chloride as a solid phase. A new univariant 
.v-U'iii of ammonium chloride, sodium sulphate, decahydratc, and 
solution is then obtained, which at the only slightly lower tem- 
perature of ll'O® becomes invariant again (No. 83) owing to the 
fnrmatiuTi of 1).S.4 as a new^ solid phase. This is the lowest 
roitiperature at which anliydrous sodium sulphate can exist in 
}]io quaternary system. Its saturation surface has become a 
point. 

Tiu' wliole system has now become simpler, there being again 
niilv live saturation surfaces, or, in all, sixteen .spaf'e divisions in 
llu- jnTaniicl. At 0^ the relatioii.s are those represented in projec- 
tion in Fig. 5, which is in accordance vlth the observations recorded 
in Table V- 

The decahydratc region has now^ l)econic quite a considerable 
proportion of the total. Below an ice rc'gion will ap])ear, giving 
fir a second time a system v itli .si\ saturation surfaces. According 
to Dawson [loc. cU.), the lower limit of existence of 1).S.4 in the 
ternary system is — IG‘0^, at which temperature D.8.4, deca- 
hydrate, and ammonium sulphate' eo-exist with one and the same 
sdutiou. After this, the l)..S.4 jagion will be completely quater- 
nary, and presumably it disappears at a sufticicntly low temperature, 
iliC possible solid phases in the vaT'ioiis sections beirig then ice, 
luninonium chloride, sodium chloride, ammoJiium sulphate, and 
(li'C*;ihydrate. No ob,'<er\ ations, however, have brxm inade below O'". 


Sum manj. 

riio lieterogeiieous equilibria in the (piaternary system ammonium 
ohluride-sodiuni sulphate-ammonium sulphate-sodium chloride- 
water between and O'" have been de.scribed and illustrated by 
diagrams (chiefly projections). 

iiiK Umiveksity of Meldui'hxe, 


[idt'tn'e'i, February 1922.] 
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XLIX. — Skidit^ on Thallmn Cojnpounds, Parf j 
Analytical 

By Arthur John Berry. 

Rare (Z. a)wrg, ('hem., 1900, 48, 427) prepared thallie oxide i,^. 
the oxidation of tliallous .salt.s with hydrogen peroxide in alkaliri- 
solution, and subsequently described some of its properties (Jjif,' 
1900, 50, loS; 1907, 55, 130). 

Browning and Palmer {Amer. J. Sci., 1909, [iv], 27, 370) havf 
described a combined gravimetric and \'oluraetric tnethod for tb. 
estimation of thallium depending on the reaction ; 

TlgSOj -f 4K3Fp({b\},. + (jKOH - 

-L 4K4l^e{CX)„ + SHjO H K,S0, 

The tliallic oxide in these experiments was dried at 200'’, anti 
the resulting potassium ferrocyanidc in the filtrate was estiiiiritpr] 
by titration with potassium permanganate after acidifying witlj 
sulphuric acid. 

In the course of a general investigation on thallium corapountb, 
the author has made numerous experiments on the transformation 
of thallous sulphate into thallie oxide by oxidation in alkalim- 
solution with potassium ferricyanide. It was found that the above 
reaction was strictly quantitative with reerystallised thallous 
sulphate. For example, 50 c.c. of a solution of tliallous sulphate 
yielded 0*478 gram of TI 2 O 3 dried at 100°, the calculated weight 
being 0*477 gram. In another experiment, in which the lliiillic 
oxide was dried by exposure over concentrated sulphuric acid iu 
a vacuum desiccator, the weight of TI 0 O 3 obtained was 04".) 
gram. 

The dried precipitate was proved to consist of practically pure 
anhydrous thallie oxide by dissolving a weighed quantity in sul- 
phurous acid, and estimating the thallium gravimctrically a? 
thallous iodide. From 0*5585 gram of TlgOg, the \veight of Til 
obtained was 0*8050 gram, the calculated value being O’SlU) 
gram. 

The yield of potassium feirocyanide as calculated from the 
titrations with permanganate agreed in general fairly well fllth 
the requirements of the above equation, but in some experiments 
the end-point was difficult to obtain, as the liquid, after being 
acidified, had a strong green colour, Pure potassium ferricyanide 
was used in these experiments. 
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Xhe thallic oxide which was used in the experiments described 
iii this paper was always prepared in this way, but the method 
was abandoned for quantitative work; the estimations were earned 
(Alt gravhnctrically by weighing as thallous iodide. 

Action of Acids on Thalhc Oxide, — According to a statement in 
Ahegg's Handbiieh der anorganischon Chernie (ITT, i, p. 444) 
liydrot'bloric acid reduces this oxide on warming, with evolution 
A chlorine, whilst sui]diuric acid scarcidy acts on it in tiie cold, 
but on warming reduces it Mith evoluticjn of oxygon. The experi- 
iiKAits carried out by the author do not agree with this. 

[t was found that whm the oxide was dissolved in fairly coii- 
CA'iilratcd hydrochlorie acid in an apparatus connected with a 
U-tiibe containing potassium iodide solution, and the acid solution 
hoiled, the potassium iodide solution showed no evolution of 
chlorine from tlie liydrochloric aeid ; only’ a solution of thallic 
chloride was obtained. 

A luimher of experiments Avere c(\n’i(al out on the preparation 
and ]iropcrties of the thallic sulphates obtained by di.ssolving the 
(.xi(l(' in sulphuric acid and crystallising out the products. Accord- 
ing lu Strcckcr {Annakn, ISh.-), 135, 207), a normal sulphate, 
TySOJa, can be obtained from thallic hydroxide and sulphuric 
acid, but Willm {Ann. dim. phys., 18G5, [iv], 5, 5) obtained only 
ha.''ic sulphates in this Ax ay, even Avhen excess of sulphuric acid Avas 
used. Marshall [Proc. Pay. Soc. Edin., 1002, 24, 306) also obtained 
basic sulphates in which the ratio of T) to SO^ \A-a,s 1 ; 1, but in 
one experiment an acid sulphate in A\hich tlie ratio of T1 to SO 
was 1 ; 2 Avas obtained. Meyer and Goldschmidt {Ber., 1003, 36, 
Lh58) luuT, however, obtained a thallisulphuric acid, HT1{S04)2,4H. o' 
from a solution of thallic oxide in dilute sulphuric acid. 

In the author's experiments, thallic oxide, usually about 3 grams, 
was treated Asith excess of sulphuric acid (.rl.V) in test-tubes 
heated in a water- bath. When acid more dilute than tlie aboA^c 
oineentration aaqs used, the action Avas extremely slow. After 
die oxide had been completely dissolA'cd, tin* contents were allowed 
to crystallise, sometimes by alloAsing the solutions to evaporate 
(Her a AA'aler-bath, at other times by conducting the ev^aporalions 
in a vacuum desiccator. The crystals were then dried by pressing 
on porous plate, and the ratio of T1 to SOj was determined. It 
was found impossible to purify tliese jiroducts, as tliey are hydro- 
ysed instantly by A\uter. In four different preparations, in Avhich 
the proportions of thallic oxide to sulphuric acid were varied 
but the sulphuric acid wa.s kept in excess of the calculated quantity 
to produce the normal sulphate, the ratios of T1 to SO, were re- 
•Tectively, 1 ; TOoo, 1 : 113, 1 ; MWo, and 1 : TOy. It Avill be 
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observed that the estimation of the acid radicle was always 
due, doubtless, to the impossibility of completely removing tlj, 
sulphuric acid by pressing on porous plate. 

Ill only one case was a product obtained in which the ratio i 
T1 to SO was 1:2. Two analyses were made. In the first, tb 
thallium ivas reduced to the thallous condition by sulphur dioxide 
before precipitation as iodide, the ratio being 1 : 2T6. In tbt 
second case, tlic reduction i\as eliccted by the use of hydroxy!, 
amine sulphate, and the value of the ratio was 1 : 2-13. In no 
case was a normal sulphate obtained. Tliese preparations uere 
almo.st free from thallous salt, as their reaction towards aciditieil 
potassium permanganate was negligible. 

A few details may be added with reference to the perfonnaiico 
of the analyses. The material was dissoh'ed in dilute nitric or 
acetic acid, "and the sulphate radicle estimated by adding a slight 
excess of a solution of barium acetate. The thallium in the filtrate 
was next reduced witii sulphur dioxide, tire barium sulphate 
separated, and the thallium precipitated as iodide in the manner 
recommended by Baubigny [Compt. reJid., ISOl, 113, 544). The 
precipitate of thallous iodide, after being washed first with dilute 
potassium iodide .solution and afterwards with alcohol, was collected 
on a\ared filter and dried over concentrated sulphuric acid in a 
vacuum desiccator. In some experiments, the procedure va, 
varied hy making up the solution to a definite volume, and estim- 
ating the metallic constituent in one aliquot part and the sulphait 
radicle in another. 

Ill the course of this research, other well-known methods of 
analysis were examined, In particular, a number of experiua'iiti 
were made on the volumetric method of oxidising thallous salts 
in acid solution with potassium permanganate, In these experi- 
ments, the end-point of lire reaction was determined witli the 
aid of an electrometric apparatus, consisting essentially of a 
potentiometer in conjunction nitli a calomel standard clectroda 
It was found to be impo.ssilrle to employ this method in sulphmic 
acid solution, as precipitation always occurred before tlie com- 
pletion of the titrations. When hydrochloric acid was u.scd, the 
results were to some extent dependent on the amount of thalliui^ 
in the solution. Bor example, in a solution containing ITO gr<w 
of thallous sulphate per litre, the result was 3 per cent, too high 
when calculated from permanganate which had been standardised 
with sodium oxalate, Witli more concentrated solutions, Ift 
grams of the salt per litre, correct results were obtained, but even 
in such cases the results depend to some extent on the rate at wlacli 
the permanganate is run in, and on the concentration of the hydro- 
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• Traces of chlorine "were perceptible if the perman- 

tlruiie was added too rapidly. These results are in essential agree- 
with those obtained by Hawley [J. Amer. Chem, Sac., 1007, 
29 directed attention to the inaccuracy of tlje method 

p,/vory dilute solutions. 


Experimmts on the IhducUon of TJialUc Salts, 

{a) l\ dh //ydroxylam-me, "deduction to the thallous condition 
niav be easily and quantitatively eliccted by hydroxylainine either 
ill acid or in alkaline solution with evolution of ga.s. Ivvperirncnts 
woi'C made in order to ascertaiTi wbether the reaction takes place 
according to the equation ; 

TI2D3 -h SNflyOH - Tl^O -h 3H2O ^ X^O. 

preliminary experiments consisted in allow’ing delinite quantities, 
usually one to two grams, of thallic oxide to rc.aet with excess of 
a 1 per cent, solution of hydroxyJamine sulphate, and measuiang 
t]ic >'olurae of gas evolved in an ()st\s'ald apparatus. Xo great 
fK^ctiracy was ex])ectcd from these experiments on account of the 
C(>n.<iderab)(! solubility of nitrous oxide in u’ater, 

In every ca.se, the volume of gas obtained was lower tli.an the 
requirements of the equation. I 71 ordinary cases, the difference 
iietAvceii the observed and the calculated volume of gas vaiicd from 
about -f to about 8 per cent. When the reaction was carried out 
in alkaline solution, reductio]! took place much juorc rapidly and 
the volume of gas obtained was still lower. In .ail cases, qualitative 
tests showed that reduction was complete, A further experiment 
was carried out in which excess of tlialJic oxide was taken relative 
to Imiroxylamino sulphate. Some thallic oxide remained undis- 
solvcd. When more hydroxylamine suljdiate .solution was added 
lu make t!ie total quantity equal to the calculated amount, the 
oxide dissolved completely on warming. 

That the reaction really docs take place between one molecular 
])i'oportion of thallic oxide and two of hydroxylamine was proved 
by a modification of the last experiment. 2 '104 Grams of thallic 
oxide were treated witli 25 c.c. of liyciroxylaminc suljdiatc solution 
{0'25 gram of the salt) in presence of excess of a solution of sodium 
hydroxide. The mixture wa.s lieated in a water-balh and frequently 
shaken. The weight of thallic oxide whicli j‘(unaine<i uiKlis.solvcd 
wa.s 1'479 grams. Hence tlie quantity which had reacted with 
the hydroxylamine sulphate was OT 80 grain. Theory requires 
b'(j9.7 gram. 

Qualitative experiments sliowed eonelusively that alien reduc- 



308 BERRY : STUDIES ON THALLIUM COMPOUNDS, PART I. 


tion was carried out in alkaline solution in the cold, traces of nitritf. 
were produced. These nitrite reactions wore quite definite evon 
after the solution had been kept for twenty-four hours. Oji 
other hand, there was no evidence of the formation of trace-i of 
nitrate. The production of salts of hyponitrovis acid was an obvious 
possibility, c.'ipeoially in view of llie of Bantzsch and Kauf. 
maim 1892, 292, 317), who have investigated the fo|. 

mation of small quantities of salts of this acid when hydrowl. 
amine i.s oxidised in alkaline solution wifli certain metallic oxid(s 
sucli as those of silver, copper, and tu(u'cui'y. Accordingly, iKt,. 
were made, by adding acetic acid and silver nitrate, for hyponitrift, 
but no dclinite reaction was obtained. 

(/d With Ferrous Sulpha i e .—WvdncAl on of a thallic .salt 1o the 
tliallous condition may be clfccted completely by an acid sohition 
of ferrous sulphate. When a solution of ferrous sulphalv is oxidhed 
with potassium dichromale in presence of sulphuric acid, the rni 
point of the reaction, as dctcrmincrl in llic usual way with potassiiiin 
ferricyaiiide, is unaltered in presence of lhallous sulphate, Ex|H‘ii 
ments wore therefore carried out to ascertain whether rednetion 
proceeds quantitatively in accordance with the equation ; 

TySO,), r 4EeSO, ^ | 2Fc,(SO,)3. 

A solution of thallic oxide in dilute sulphuric acid was prepaml 
containing O'OOOoT gram of the oxide per c.c. as determined gravi- 
metrically by the iodide method. Definite quantities of this solution 
were mixed with known quantities of a solution of ferrous suljhate. 
heated to boiling, and eooled, and the excess of ferrous salt estiiuatcd 
with a standard solution of potassium dichromate, dhe \vei,[;ht 
of thallic oxide calculated from the above equation was 0-00941 
gram per c.c. 

(c) With Sodium A Freshly precipitated thallic oxide 

is completely reduced to the lhallous state when it is warmed with 
a solution of sodium arsenite. Experiments showed that the 
reaction takes place according to the equation : 

TI.2O3 -r AS.D3 TbO AS2O5. 

Measured quantit ies of the .solution previously used for the ferroin 
sulphate experiments were made alkali ?ie \\ ith excess of a .solution 
of sodium hydrogen carbonate, Excess of a standard solution of 
sodium arsenite (approximately AyTO) was added, and the liquid 
heated until the precipitate was coin pletely dissolved . The tlialliiim 
was next precipitated as iodide, the ^veiglli of which corrc.sponded 
with a weight of thallic oxide of 0'0094() grain per c.c. The exco« 
of sodium arsenite was titrated with a standard solution of iodine. 
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and the weight of thallio oxide calculated from the equation was 
I, .(,0949 gi’iim per c.c. ^ 

p/) With Copper.— finely divided copper reduces a solution of 
thallic .sulphate to the thallous condition on boiling. Tn an experi- 
,„on( on the solution already referred to, the excess of copper was 
ivMKived by filtering, and the cupric salt in solution precipitated 
(ixide. The thallium was then precipitated as iodide, the weight 
„blained corresponding with 0'00942 gram of Tl^Og per c.c. 

[t is obvious that the reactions with ferrous sulphate and with 
.;oi.liuiu arsenitc furnish convenient volumetric methods for the 
.stimation of thallium in ihallic compounds. It is true that the 
ivsiilt.s whilst very eoneordant among each other, arc slightly low. 
in this connexion, it may be rocallod that Rabe {loc. cil) has shown 
diat water, when simply boiled with tliallic oxide, gives the sen- 
siuve iodide reaction for thallous salts. The author has, liowever, 
found that if the same specimen of thallic oxide be treated with 
-ucces.sive quantities of water, the reaction with potassium iodide 
U'comos gradually fainter and finally almost nil. It would appear 
ijrobabh', therefore, that tiic phenomenon is more likely to be due 
to gradual elimination of traces of thallous compound from the 
thallic oxide rather than to slight reduction, a.s Rabe considers. 
Small quantities of thallous impurity would not make a difference, 
ajjpreciable by ordinary gravimetric analysis, to the percentage 
of thallium in apparently pure thallic oxide on account of the high 
ittomic weight of the metal. 

The author desires to express his sincere gratitude to Sir William 
Pope for ad\'ising him to undoitako the study of thallium compounds, 
and for most kindly allowing him the use of his materials for the 
piirpo.se ; and to Mr. Heycock for the great interest he has taken 
in the experiments and for many valuable suggestions. 

Chemical Labok.vi'Ohy (Golosmith’s JlETALLniGicAL Department). 

Uncversity of (’amrridgk. [Reccii'ed, Janmry \Sth, 1922 ] 
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Artificial Disintegration of the Elements. 

A LucTrjRE Delivered before the Chemical Society ox 
February 9th, 1922. 

By Sill Ernest Rutherford, F.R.S. 

Since the development of the atomic theory on an experimental 
foundation by Dalton, the progress of chemistry has been baser] 
on the central idea of the permanency and indivisibility of the 
atoms of the elements. The whole experience of chemistry 
nearly a century had shown clearly that it was impossible to break 
up the atoms, of the elements by the application of ordinarv 
chemical and physical processes. This idea has had to be modified 
to some ex lent liy the rapid growth of our knoivledge diirirw th,. 
last twenty ycar.s of the inner constitution of the atones. It 
now generally accepted that the atoms of the different elements 
have all the same general type of structure. At the centre of th? 
atom is a po.dtivcly charged nucleus of minute dimensions whid] 
is responsible for most of the mass of the atom. This is snrroundod 
by a distribution of electrons held in equilibrium by the forces 
from the nucleus. The electrons occupy rather than fill a rririon 
tlie diameter of which is of Ihe order of 2 X 10“® cm. The nuclear 
charge of the atoms follows a very simple rule first clearly brouL'lit 
to light by ^loselcy. The resultant nuclear charge of an atom is 
equal to its atomic or ordinal number and varies from 1 “atom" 
of electricity in the case of Inuirogen to 92 atoms in the case of 
uranium. These ordinal numbers represent also the number of 
“ planetary ” electrons, as they have been called, which surround 
the nucleus of the atom. On this view of the atom, its ordiim 
physical and chemical properties, apart from its mass, are govcriicd 
entirely by nuclear cliarge, for this controls the number and 
arrangement of the external electrons on which these combining 
properties mainly depend. The mass of the atom is a property 
of the nucleu.s and exercises only a second-order effc'ct on the dis- 
tribution of the electrons and .so on the ordinary properties of 
the atom. This point of vic^^’ offers at once a simple explanation 
of isotopes, ^vhic^h consist of atoms of the same nuclear charge 
but of different nuclear masses. By the action of light and elcoirical 
discharges, we can readily remove one or more of the externa! 
planetary electrons from the atom, while by the action of A-ray^ 
and swift fi-rays we may even eject*^one of the more .strongly bound 
eiectroHs of the sy.stem. In this way, we can effect, in a sense, 
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a traiisformalion of the atom, but it is merely a temporary one, 
and a electron is soon captured from outside, and the atom 
is as before. The general evidence indicates that, even if a number 
of tlie planetary electrons were removed by suitable agencies, 
tJic stability of the nucleus would not be disturbed and the atom 
woald in a short time regain its original structure. In order to 
(■m'C't a pemanent change in Ulc atom, it appears to be necessary 
to disrupt the nucleus itself. When once a charged unit of the 
nuclear structure is removed, the nuclear charge is altered per^ 
iiianently, and there is no evidence that this process is reversible 
under ordinary experimental conditions. 

The discovery of the instability of the radioactive elements 
was the first severe shock to the idea of the permanency of all 
alums. This radiating property is, however, eonhiiml mainly to 
the two heaviest elements, uranium and thorium, and their long 
series of descendants, and is only shown by two other elements, 
potassium and rubidium, and then only to a minor extent. Apart 
irom these exceptions, the great majority of the, atoms appear to 
lie highly stable structures, and to remain unaltered under ordinary 
(dtuutimi.s in this earth for periods of probably tliousands of 
iiiilhons of years. 

Ihe property of radioactivity belongs to the nucleus, and is 
diowii generally by the emission of a swift a-particle or helium 
mirieu.s and, occasionally, a swift electron from the nucleus. The 
number and velneity of emis,sion of these particles appear to be 
ipiite uiiinflueuced by the most powerful physical or chemical 
agencies, and to be an inherent property resulting from the 
instability of these very complex nuclei. 

These results show clearly that the nuclei of heavy atoms con- 
lain botli ]K>itivcly charged helium nuclei and negative electrons, 
and lead to the general view that the eojnplex nuclei of all atoms 
arc built up of hydrogen and helium nuclei and electrons. It is 
also generally suppo.scd that a helium nucleus itself is a secondary 
unit composed of four hydrogen nuclei and two electrons. If 
Uiis be the case, wo may suppose the nuclei of ail atoms to be 
composed ultimately of hydrogen nuclei, or jmotoiis,'’ as they 
have been termed, with the addition of negative electrons. 

Radioactivity has thus irot only provided us with the kc}' of 
the structure of the elements, buUias at the same time given us 
hi the swift a- and ;3-particles a powerful method of probing the 
inner structure of the atom, By tiring a-particlcs into flie atoms 
of matter, we are able, by following tlie deflexions of the path of 
tie «-particie, to find out the magnitude and law of tlie forces 
close to the nucleus and to form some idea of the dimensions of 
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the latter. The general results suggest tliat the diameter of t),^ 
nucleus of heavy atoms is of the order of 4 X 
l/oOOO of the diameter of the whole struetiirc of the atom, %, 
law of the inverse si^uare of ro pulsion hetueen electiic cliar^ff,,; 
is found to hold for a considerable region surrounding the nueb:. 
No doubt the size of the nuclei oi light atoms is even smaller, aivi 
in the case of helium appears to be of the order of 5 X lO'W c,)i, 
It is thus clear that the nuclei of atoms, although of very coin;)b\; 
structure, are of exceedingly small dimensions. 

It is probable that the forces whieh hind together tlie cojn. 
ponents of the nucleus are exceedingly powerful, and that codk-. 
uuently a large amount of energy will be required to disi-ii])t ii. 
structure. The swift a-particle from radium and thorium, whkli 
is by far the most concentrated source of energy known to in, 
seems the most likely agent to succeed in an attack on the strongly, 
bound nucleus. The a-particle is expelled from radium with a 
velocity of about ten thousand miles per second, and thus has a 
speed twenty thousand times greater than that of a swift nfif 
bullet. Mass for mass, its energy of motion is four hundred imllioii 
times greater than that of the bullet. 

Whilst no doubt an a-particle fired directly at a heavy nuckii,^ 
may penetrate its structure, its energy may at that stage bo too 
small to cau.se a disruption. The attack on the lighter atomsm,. 
much more promising, for the repulsive forces are so much smaller 
that the a-particle may still retain much of its energy on entenng 


the nuclear structure. _ r v 

Before, however, considering experiments on this question, it 
is desirable to say a few words on the collision of «-partidcs with 
hydrogen nuclei, where no ciiicstion arises of the disruption of 
the atom. When a-particles pass throngli hydrogen gas, hm 
are occasional close collisions between the .-partiolcs and the 
hydrogen nuclei, resulting in the appearance of high speed ll-niii ei. 
These H-partieles travel abont four times the distance of !«■ 
bombarding a-partio,le, and can ea.sily be detected by tlie biiiii- 
lations they produce, on a tine, sulphide screen. Irom the oidiMiy 
principles of mechanics, the maximum speed gi\cn to an riuc ci 
L 1*6 times that of the colliding a-particle, wlnlst the maximum 
energy communicated to it is 0-04 of the eMcrgy o e a ^ 

It is found that the number of these swift .K-atoins is .ai 
of that to be expected if it be supposed the a-par ide^ .nd 
hydrogen nucleu.s behave as point charges or le ve „ ■ 
dfstances involved in the.se violent collision. In aed, ion tk 
variation of the number witli the velocity of the n-p _ ■ 

the number shot of£ at diiferent angles with the «-paiticle 
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from the results to be exiiected on the simple point 

threry. 

It secins clear that not only has the a-particle a structure, but 
ihat the law of force at very short distances is entirely different 
fiviiii tiud of the in\ersc square. As a result of a careful investiga' 
tinn. Ciiadwick and J^ielcr recently concluded that the results 
,if the collisions could be explained by .supp(^sing that the a-partiole 
.._te whicli the complexity is ascribed -b('haves like a spheroid 
axes S ;< 10-13 ^lul o IQ-i^ cm. Outside thi.s surface, the 
lave of the inverse square a])])iies, but the force.s iii(‘rease so rapidly 
when the It-nucleiis enters the spheroidal sui'face that it is rapidly 
turned back. This model of tlie helium nucleus is, no doubt, 
quite artificial, but it gives us some idea of its probable dimensions 
and the extent of the region in which new and powerful forces 
(Oiiic into play. 

Uc should consequently anticipate that, in a close collision of 
a swift a-parlicle with the nucleus of atoms more complex than that 
,:f liydrogcu, the ordinary laws of force would break down when the 
distances apart became very small, it must be remembered that 
gigantic forces come into play in the.se nuclear collisions, and only 
very stable structures may be ex]:)Cotc‘d to .survive the encounters. 

The first observation which has to do with the main subject of 
my lecture was made some years ago. When the a-ravs from a 
.4rong radioactive source pass through dry gases like oxygen or 
carbon dioxide, a small number of weak scintillations are observed 
on a screen beyond the range of the a-pa [■tides. 'Fhe.sc " natural ” 
scintillations are believed to be due to atoms of liydrogen coming 
from the source, and probably re.sult from a slight hydrogen con- 
tammation of the source during expo.sure to the radium emanation 
1 , however, dry air is substituted for oxygen or carbon dioxide, 
the number of scintillations is increased three or four times. This 
additional elfect was found to be due to the presence of nitrogen, 
and was shou-u in a correspondingly gri^ater degree by chemically 
jircparcc nitiogen. By suitable aiTangoments. it was found that 
he partides causing these scintillations were bent by a magnetic 
0 ajout the extent to be expcctiwl if they consisted of swift, 

• laiged H-atom.s. It seemed probable from the beginning that these 
n lona . -atoms, w liicii appeared only in diw nitrogen and not in 
<^en or carbon dioxide, must have their origin in a disintegration 
tim nitrogen nucleus by collision with a swift a-partide. 

counting aiTangenicnts, the scintillations 
^ ^ small m mnnber. weak in intensity, and difficult to count 
menf- ' ’*^_^her progress has depended mainly on improve- 

^ lu Che counting micro, scope, with the object^ of increasing 
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the intensity of the scintillations and the area of zinc sulphide 
screen under observation. By the use of wide-aperturc objectivev 
and special eyepiece lenses of low magnifying power, the coimtinfr 
of these scintillations has become much easier and more definite. 

Dr. Chadwick and Dr. Hartridge have recently constructed 
me a microscope which takes in the maximum field of view ffn 
the magnification rctpiired. With its aid, we are able to obserw- 
an area of zinc sulphide screen of about 40 sq, mm. and at tlie 
same time have bright scintillations, llie rays from the objective 
are turned through a right angle by a totally reflecting prism in 
order to protect t lie counter from the direct y-radiations from the 
intense source. On account of the probability variations in the 
number of particles falling on the zinc sulphide screen, a large 
number of scintillations must be counted to obtain the true average. 
Dor example, if 400 scintillations are counted in all, the average 


Fig. L 



probability error is VdOO, or 5 per cent, of tiie total number. \Yc 
cannot hope in the experiments detailed later to obtain results 
of ail accuracy of more than 5 or 10 per cent, unless a very large 
amount of time and energy is spent in counting a great number 
of scintillations. Apart from the difficulty of accurate counting, 
the actual number.s found in these experiments are only approximate. 

We shall noiv consider the methods adopted to investigate in 
more detail the effects observed in nitrogen and to test uhotber 
other elements beha\'e in a similar way. The apparatus (see 
Fig. 1) required is of the simplest character and merely conshls 
of a brass tube, T, 3 cm. in diameter, provided with stopcock 
by means of which dry gases may be circulated. At one end d 
the tube is a hole covered with a thin silver plate, Tlic zmc 
sulphide screen, S, is fixed T3 mm. away from the opening, leavins 
a slit in which absorbing screens of mica can be inserted. 'Ibf 
radioactive source, is fitted on 'the end of a rod so that its 
distances from the screen can be varied at will. In order to reduce 
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the luminosity due to the p-rays from the source, the whole 
apparatus is placed in a strong magnetic field. It may he of 
interest to give a few details in illustration of the magnitude of 
the effects to be expected under different conditions. Suppose 
that the radioactive source, consisting of a brass disk coated on 
^Rle side with an invisible layer of radiuni-C cr)rre-sponding in 
..ray activity to 40 milligrams of radium, is placed 3-5 cm. from 
the screen and that a current of dry hydrogen is passed through 
the apparatus. Suppose the stopping power of the materials 
between the source and the zinc sulphide screem corresponds to 
20 CDi. of air, that is, it would suffice to stop an a-particle of rauf^e 
20 cm. in air. The passage of the a-particles, which in this ea^e 
have a range of 7 cm., through tlie hydrogen liberates a large number 
of high speed H-atoms, which produce scintillations on the screen. 
Their number with the microscope described is so great— thon.sands 
H minute— that it would be impossible to count them without 
reducing the activity of the source. As additional absorbing 
.ercens of mica are added, the n urn hors fall off rapidly, and for 
in absorption, say, of 30 cm., not a single H- scintillation can be 
observed per minute. A similar effect is shown if oxygen is sub- 
stituted for hydrogen and a thin strip of paraffin wax or other 
hydrogen-containing material is placed over the source. The number 
of H-scintillations observed for a given absorption depends only on 
the amount of hydrogen, and is quite independent of chemical 
couibimition. This is to be expected, for the forces required to set 
the Hmucleus in rapid motion are enormous compared with the 
weak forces involved in chemical combination. We thus conclude 
that, for a-particles of range 7 cm., no H-atoms from hydroaen 
in the free state or in chemical combination can be detected 'for 
an absorption greater than 30 cm. of air. 


^ The oxygen, which gives no scintillations, is now replaced bv 

r Too T® a'^-orption of 30 cjn, more 

tlian 100 scintillations per minute vlien for hi drogen wo did not 
ete'iTc one. By adding mica screens we find tfiat the scintil- 
lah-us cease for an absorption of fO cm. It is clear tliat these 
T' t , jT "'•‘■ogen have a greater range than free H-atoms 
the effect ohserved bevond 30 cm, 

^ be ascribed to any liydrogon impurity in the nitro'-mn 
^ air is now replaced by neutivil oxyg.n, and thffi Ms of 
-slopping ]>ower corre.^ponding to 
'1 successively placarl over the source. Xot 

foil of obsmwod for au absorption of 30 cm. A 
«t once the number of scintil- 
J ps to more than 100 per minute. Some of the scintil- 
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lations are very bright, and we find that some of the particles art 
so swift that the absorption must be increased to 90 cm. befor, 
the sciritillaiions vanish. It is clear that aluminium must giv^. 
rise to a number of very long-range particles. 

It is seen that, if wc examine the number of scintillations bcyoiirl 
the range of ordinary IT -atoms, we are quite independent of anv 
possible contamination of hydrogen in the material under examine, 
tion. This is a great advantage, for we need not worry about tin- 
purity of the material as regards liydrogen. In this way, iJi'. 
Chadwick and T have examined a large number of elemcnis tn 
test whether tlnqv emit particles of range more than :T2 etn. Wlu-ii 
the element A^■as iiot available, a compound of the ehnnent with 
an inactive element like oxygen was used. The material in 
the form of a fine powder was dusted on a thin gold foil, aii 
adhesive film being used so that the average absorption of the 
material corresponded to from 3 to 4 cm. of air, and A^’a.s then 
exposed to the source of rays. With the exception of helmm 
and neon and argon, all the elements have been tested up to atomic 
weight 40. No element of atomic weight greater than phosphorus 
31, was found to give any effect, although it should be said that 
only a few of the elements of higher atomic AA’eight have so far 
been examined. 

A list of the elements exatuined in this Avay, from lithiuu! 
to sulphur inclusive, is given in the following table. The second 
column gives the number of scintillations per minute ])cr jnillj. 
gram activity of the source, namely, radium-0, for an absorption 
of 32 cm. of air. These numbers alTord only a rough comparison 
of the effects given by different elements, for the conditions of 
the experiment, for example, the thickness and distribution of the 
film of material, varied from element to element. The fourth 
column gives the approximate range of the particles. 


Element. 

^Material, 

No. of parti{0es 
])er min. per mg. 
for the micro-sco[ie 
used. 

Mriximini! i 
particles i 
of air 

Lithium 

I.i,0 

— 

— 

Glucinum 

Gib 

— 

— 

Boron 

B 

O-l,-) 

ra, la 

Carbon 

CO., 



Nitrogen 

Air 

U-T 

•to 

Oxygen 

0., 

— . 

T 

Ehiorine 

CaFj 

(i4 

over 40 

Sodium 

Xa.,0 

11-2 

c<i. 12 

Magnesium 

i^bb 

— 

Oil 

Aluminium 

Ab.MoOa 

M 

Silicon 

SI 

, — 


Phosphorus 

P (j'ed) 

(i-T 

('(t. O-'' 

Sulphur 

s,so„ 

— 
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Iij addition to these, the following elements of higher atomic 
.jolit were examined: chlorine as MgClg; potassium as KCl; 
as CaO ; titatnum as Ti^Og ; manganese as MnO^ ; iron, 
tin, silver, and gold in the form of metal foils. In jio case 
.jjiy particles observed of range greater than 32 cm. of air. 
'['lie ([iiestion whether any of these elements give particles of range 
than 3- cm. has not been exajiiinod. 

It will be seen that tlie elements which give sclniillalions for 
.^11 ‘ibsorptioii of 32 cm. are boron, nitrogen, Huorine, sodium, 
■ilutninium, and phosphorus . The numbers for boron and sodium 
wiv distinctly less than for tlu^ other elements. 


Fm. 2. 



Absorption Curves in Xitkogen and Aluminium. 

Tile \’ariation in the number of scintillations as the absorption 
ill the path of the rays increases from 10 cm. is shown in Fig. 2. 
The source of a-rays is in all cases radium -C, Curve ^1 shows the 
eftect in nitrogen (air) where the maximum range is 40 cm. Curve 
B is the corresponding absorption curve for a mixture of hydrogen 
and carbon dioxide, about 1 volume of to 1-5 of COg, M'hich 
gives the same stopping power as air for a-rays. The number 
cf .scintillations due to hydrogen is very great in this case from 
absorptions less Ihaii 20 cm., but falls off rapidly, and none could 
b(‘ di.stinguisl)ed beyond 30 cm. Curv(‘ C gives the natural effect 
when the air is replaced by dr\ oxygen. This is seen to be small 
compared with that observed in nitrogen. Curve D shows the 
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ffToct when an alnminium plate of 3-5 cm. stopping power is plac^,] 
over the source and the air replaced by oxygen. It is seen that 
the particles liberated from aluminium arc able to penetrate a 
much greater thickness than the particles from hydrogciL or 
nitrogen. 

lb is a matter of great interest to find how the absorption curves 
for these long-range particles vary with the velocity of the bom. 
bardiiig x-particles. This has been examined for two typieg] 
elemenis, nitrogen and aluminium, and the results for the latter 
are shown in Fig. 3. It was found that to a first approximation 


Fig. 3. 
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the raaxinuju! range of the particles liberated from an element 
was proportional to the range of the bombarding particles. In 
all cases, the number of scintillations falls of! rapidly as the velocity 
of the a-particles is decreased. The effect of velocity is specially 
marked in aluminium, and few, if any, particles arc observed when 
the range of the a-partieles is reduced to 4-9 cm. of air. The eiko 
shown in curve D (Fig. 3) is almost entirely due to the natural 
scintillations from the source. When we remember that tlu' 
decrease in velocity corresponding with the reduction of the rangf* 
of an a-particle from 7 cm. to 4'9 cm. is only 11 per cent., we sce 
how rapidly the number falls off 'with lowering of the velocity. 
It seems likely that no disintegration can be effected in the case 
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if the velocity of the a-particle falls below a certain 
^ -heal value. This is not easy to prove conclusivelj^ but, if 
^^irrcct indicates that the a-parliclc must have a certain critical 
to release an H-atom from the nucleus. 

'' ^.^verv striking result was observed in the case of aluminium. 
[T^ib to" he exi)ected that the liberated particles should for the 
be projected in the direction of the bombarding 
•irticlos. Actually, it was found, however, that nearly as many 
ucre shot in the backward as in the foinvard direction. Xo evidence 
(if qicli an effect was observed in the case of the nitrogen particles. 
Xhe other elements have not yet been examined from this point 
of view, but we should expect an element like pho.sphorus, which 
(rives rise to long-range particles, to show a similar effect. A 
po-sible explajiation of this striking result will be given later. 


Nature of the Expelled Particles. 

It can easily be shown that the long-range particles liberated 
froiu the elements are deflected by a strong magnetic field. By 
the adoption of specie.l methods, it has been found possible to 
compare the amount of deflexion of these particles with that shown 
liv the swift H-atoms produced when a-partieles pass tlirough 
oL'diiiarv hydrogen. It was found that the particles from nitrogen 
were deflected to about the same extent as tlie Il-particle.s from 
hvdrogea, and behaved in all resjiect.s like swdft Il-atoms carrying 
a positive charge. It seemed likely from tlie first that the corre- 
^ponding particles from fluorine, phosphorus, and aluminium 
would also prove to be H-atoms liberated from ti\e nuclei at speeds 
depending on the nature of the element and the velocity of the 
impinging particle. This has been confirmed in recent experi- 
ments by Dr. Ghaduick and myself by a method similar to that 
employed for nitrogen, The bending of the particles in a magnetic 
field was determined for an absorption greater than 32 cm. of air, 
in order that the experiments should iiot be complicated by the 
possible presence of hydrogen contamination in the material under 
examination. The experiments were not easy on account of the 
small lunnber of particle.s present under the experimental con- 
ditions and it was found necessary to devise a special microscope 
with a large field of view to carry out the inve.stigalioii at all. 
The experiments xvere all in accord with the view that tlie particles 
from fluorine, phosphorus, aiul aluminium are swift atums of 
hydrogen, and we may conclude that in each ease an H-atom is 
liberated from the nuclei of these elements. The maximum speed 
cf ejection of the H-atom from the different elements can be 
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estimated approximately by assuming that the law 
the velocity and range of the a-particle holds also for the H-atoj^' 
According to this rule, the velocity is proportional to the rui), 
root of the range. 

It has been calculated and confirmed by experiment that thr. 
niaxirnum speed communicated to a free H-atom by a 
collision with an a-particle of velocity V is bCF, whilst its raurrf' 
in air is about 28 era. Consequently, the maximum A'elocitv of 
the H-atom from nitrogen of range 40 cm. is bSF and for aluniiniunj 
of range 90 cm. 2'37F. The a-particle communicrates O-Ol of it. 
energy to a free H-atom in a direct collision, and it can be caleulatcfl 
that all H-atoms which ha\’e a range greater than about .50 
arc projected with energy greater than that of the bombardiiir, 
a-particle. In the case of aluminium, the maximum enerttv of 
the H-atom is 1*4 times that of the incident a-particle, Tlih, 
very interesting result, showing that in some cases there is actuallv 
a gain of energy as a result of the disintegration of the almnlniinja 
nucleus. We must therefore conclude that at any rate fur all 
collisions in which the liberated H-atorn has a range greater ihan 
56 cm, of air, a part of the energy of the H-atom is derived Itoq] 
the disintegrated nucleus. This is analogous in some respects; to 
the well-known gain of energy in the escape of an a-particlc from 
a radioactive nucleus. 

It must be borne in mind that the amount of disintegration 
effected by the a-particles is on an excessively minute 
When a particle from radium- C passes through aluniiniuin. it 
probably passes through the electronic structure of about lOO.Otti 
atoms, but only about two a-particles in every million get Dear 
enough lo the inner nucleus to effect the liberation of an Il-atoin 
We know that the eollected a-particles from 1 gram of radium give 
rise to 163 cubic mm. of helium per year. If we suppose that all 
the a-particles from 1 gram of radium were fired into aluminium, 
the amount of hydrogen liberated by the disintegration of tiie 
aluminium nuclei could not he more than 1/1000 of a cubic inilli- 
metre per year, The amount of hydrogen liberated under possible 
experimental conditions is thus almost beyond the means of 
detection by ordinary chemical methods, it has only been )iossil)k' 
to study the disintegration by tlie use of such a delicate mctlu'iQ 
that each H-atom set free produces a visible scintillation on a zinc 
sulphide screen, 
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Mechanism of Disintegration. 

t^roin a of rarlio activity, it has been siii'mised that the 

•irtiele or heiium nucleus of mass 4 is one of the units of which 
V-itonis arc built up. The exporinicnts referred to in tiiis lecture 
first defiiiitc proof that the hydrogen nucleus also is one 
units of the structure of some of the lighter elements. It is 
*!f interest to note that H-atoms arc only liberated from elements 
Ibe atomic masses of which arc given by + 2 or 4a + 3, where 
a whole number. Elernomts like carbon and oxygen, the 
*Uoinic masses of which are given by hi, arc not affected. This 
diown ill the following table 

Kloiiit-'ut. 

jotwi 

Mirogf'U 



in -r a. 

Elcinenfc. 

Alasjs. 

in -f u. 

11 

2 :< i -i- :i 

Sodium 

23 

ii X 4 1 ■ 

M 

X 4 -L 2 

Aluminium ... 

27 

6 X 4 -c 

19 

4 X 4 

Piiosphoi'us ... 

31 

7 >: 4 -p 


This result is to be anticipated if the nuclei of tliesc elements 
u-e built up of helium nuclei of mass 4 and hydrogen nuclei. In 
irdcT to account for the liberation of an H-atom from these 
'lements, it is natural to suppose that the H-nuclci arc satelhtcs 
)f the main nucleus. If the satellite is not too close to the latter, 
he a-particle in a close collision is able to give the satellite sufficient 
mergy to allow it to escape from the system. It is to be anticipated 
that the Il-satellites arc closer to the nucleus in the ease of aluminium 
Ihaii in the case of nitrogen, and that consequently more energy 
is necessary in the case of aluminium to effect their release. It 
is of interest to note that the chanee of liberating a swfift H-atom 
I'l'om nitrogen is not more than 1/20 of the chance of setting a 
free H-atom in corresponding motion, '.rins indicates that it is 
probably only within certain prescribed limits of velocity of the 
satellite and position with regard to the central nucleus that the 
liberation of the satellite is possible. 

We have already referred to the fact that the Il-atoms from 
aluminium appear to be released in all directions. Actually, 
however, the velocity iu the backward direction of the x-particlcs 
is distinctly less than in the forward direction. Such a result 
at first suggests that the a-partiele acts the part of a detonator 
to the aluminium nucleus and that the energy of the escaping 
fragments i.s mainly dcriv('d from the nucleus. T think, however, 
that the following explanation is more probable and in better 
agreement with experiment. If we suppose that the H- satellite 
is describing an orbit round the central nucleus, the direction of 
escape will depend on the relative position of the a-particle and 
micious at the moment of the close collision with the satellite. 
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In the collision shown in Fig. 4, A, for example, the H-atom will 
escape in the forward direction of the a-particle; in the collision 
(Fig. 4, B) the H-atom will describe an orbit round the nucleus 
and escape in the backward direction. The velocity imparted 
to the residual nucleus in the forward direction is much greater 
in the latter than in the former case. Such a view assumes that 
the force.s between the positively charged satellite and nucleus 
are attractive instead of rep\ilsive very close to the nucleus. This 
change of sign of the forces seems very probable at short distances 
from the nucleus, for otherwise it is difficult to understand how a 
positively charged complex nucleus can hold together. 


Fig. 4. 



A a 


\nothcr couscouence of some interest follows from the pos- 
sibility of releasing H-atoms from light elements. It is generally 
supposed, although it is very difficult to obtain direct proof, that 
the helium nucleus is composed of four hydrogen nuclei and tivo 
electrons. In this combination, there is a lo.ss of mass and this 
is ascribed to the very close combination ot the structural units. 
On modern views of the relation between mass and energy, it 
follows that the energy liberated in the formation of a helium 
nucleus is more than three times the energy of the swiftest 
a-particle from radium. We should consequently not expect to 
be able to break up a lielium nucleus with an ordinary a-partiele, 
and this is in agreement with experiiuent as far as it has gone. 
In fact, the helium nucleus would appear to be the most stable 
of all nuclei. 

Since, however, in the ca.se of nitrogen, for example, we are able 
to release an H-atom by means of a slow a-]iarticlc, it seems dear 
that the H-satellite is not bound nearly so closely in the nitrogen 
nucleus as in the ca.se of the helium nucleus. The change of 
due to the emission of energy in binding the H-satellite should 
consequently'' be much less than in the case of helium. The lua..^ 
of the satellite should not differ much from the free H-nuclcus of 
mass 1‘0077 in teniis of 0 - - 16. * 

If it be supposed that the nitrogen nucleus is made up of three 
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beliuiR nuclei of total mass 12 and two hydrogen nuclei, the mass 
of the nitrogen atom should not be exactly 14-00, but more nearly 
In the case of the light elements, it appears probable 
that the effective mass of the protons composing the nuclei will 
vary in different atoms from about 1'0()7 to 1-000, depending on 
the closeness of the combination. Consequently, we should expect 
that the whole-number rule found by Aston, which appears to 
hold for atomic masses to about 1 in 1000, would be departed from 
if iueasuremeut.s could be made with yet greater accuracy. 

The next question that arises is whctlier any other particles 
bc.'ides tliat of hydrogen can be released by a-ray bombardment, 
j^oinc time ago, I found that when radium -C was used as a source 
a small number of bright scintillations were observed, which had 
a maximum range in air of about 9 cm. It was natural at first 
to supi>osc that these were due to a new type of x-rays from the 
radioactive source. The effect, however, of aluminium screens 
in reducing the range of these particles led me at first to believe 
they were generated in the volume of the gases used, namely, 
nitrogen and oxygen. By comparing the bending of these rays 
in a magnetic field with that of H -particles from hydrogen, I con- 
cluded that they must bo atoms of mass about 3 carrying two 
positive charges. Later experiments iia\c brought home to me 
the untrustworthiness of this method of fixing the source of the 
radiation on account of the marked variation in thickness of films 
of metal foil. Using a more direct and simpler method, X have 
recently convinced myself that, at any rate in the case of oxygen, 
the particles have their origin in the railioactive source and not 
in the volume of the surrounding gas. Under such conditions, 
the comparative method of estimating the mass of the particles 
is no lunger trust worth 3 ^ Whilst a large amount of experiment 
Hill be required to fix definitely the nature of the radiation, the 
general evidence indicates that it consists of particles of mass 4 
wliicii arc projected from the source and represent a new mode of 
transfoiTuatiou of radium- (7, 

By the metliods outlined wc can only hope to detect particles 
wiiieh travel a distance greater than tlie primary x-particles. If, 
however, a disintegration of an element should occur in which a 
Jnassivc particle is liberated, it is quite probable that the latter 
may have a range sliorier than the x-particle. To examine cases 
of this kind, wc can utilise the beautiful method developed by 
Mr. C. T. Pv. Wilson for showing the trails of ionising particles. 
•Some experiments of this kind by a modified method have been 
made by ilr. Shimizu in the Cavendisli Laboratory, A Jiumber 
of photographs showing well-marked forlis near tlie end of the path 
VOL, CXXI. □ ^ 
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range liave been observed. Until, however, these photographs 
are accurately measured up and compared with one another, it 
is difficult to be certain whether or not these branching tracks can 
be explained by colli.iion3 of the i-partiele with the nuclei o( 
nitrogen or oxygen. It seems clear, however, that the mitk.i 
involved can travel considerable distances through the gas before 
being absorbed. If a large number of photographs be taken, it 
should be po.ssiblo to settle definitely wliethcr any collision 
involving the disruption of atoms occur and to determine the 
probability of their occurrence. This direct method of attack 
of the problem, whilst laborious, .should give very valuable inform, 
ation on tliis point. 

It appears not improbable that the =c-particlc may occasion, iOy 
be able to disrupt a helium atom from a complex nucleus like 
carbon or oxygen, which are believed to be composed of three or 
four helium nuclei respectively. The fact that the mass of these 
atoms is nearly an inl.cgral multiple of the hchum atom suggests 
that the helium nuclei are hound together with much weaker forces 
than the H-components of the helium nucleus itself. If the structure 
of the complex nucleus, say, of o.vygen is such that the a-partiele 
may eommunicate a considerable fraction of its momeiitu,,. and 
ciim-ey to a single eomponent, wc should expect such dismtegratioii 
to occur It 13 also possible that charged particles of mass aljoui 
•' or 3 mav exist as secondary building units of the complex nuclei 
of some elements, hut so far no defimte evidenee of their hbemUon 


has been obtained. 

I have so far confined my remarks to the dismtegratmg effect.: 
of swift x-rays, but it is important to consider whether the swift 
a-rays or e.mrgetic y-rays from radium arc able to produce any 
effect. Wc have found that neither nor y-rays appear to haw 
the pow-er of giving suffieient energy to a free H-atom in ordinary 
hydi'offeii to detect it by the sciiitillation method, and coiKc- 
queiiUv still less sliould we expect these rays to liberate a sa* 
H-atom from a complex nucleus. It is, however, po.ss!be that 
these agencies, and particularly y-rays of very short wave-kngla, 
may be able to liberate an electron and lead in this way to a ebange 
of its atomic number. Unless, however, the resulting atom B 
unstable and breaks up with the emission of a swift particle 
of the 'x-rav type, it will he difficult to be certain of sucli tram- 
formations.' It should be noted that Slater has shou n tnat x-ia.w 
are able to excite some very penetrating rays m their passa^ 
through ordinary matter. Tliere is .some evidence that such lu„ 
frequency radiation can only arise from the nuclei of atoms, 
this be the case, it may be possible that the i-rays in sonic cas - 
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lead to a liberation of a particle from the nucleus and a con- 
sequeat transformation. This effect, however, must bo on a very 
xinall scale. 

Many attempts have been made in the past to test whether 
the ordinary atojns can bo disinle|,n'ated by special agencies. The 
late ‘Sir William Ramsay, with his characteristic iiislinet for 
choosing tlie best line of attack, made a number of experiments 
oil the effect of the x-rays of radium on matter and concluded 
that he had obtained evideu.ee of the production of neon and the 
liberation of lithium from copper. These conclusions have not 
been confirmed by subsequent investigators, and in the light of 
the experiments described in this lecture it seems very doubtful 
whether the amount of transformation, even if it occurred, would 
he sullicicnt to be detected by ordinary chemical methods such 
as were employed. 

Many instances have been recorded of tim appearance of helium 
in discharge tubes, and it has been suggested timt, helium is a 
product of the transformation of the electrodes by tlie action of 
the intense electric disciiargcs. The most notal)}o experiments 
in tliis direction have been made by Collie, but the subsequent 
detailed investigations by Strutt did not confirm his con- 
diisions. It is exceedingly ditlicnlt to pro\e that the appear- 
ance of helium is not due to its occlusion in the electrodes aiul 
liberation by the intense heating of the discharge. .Siiiularly, 
many olrservations have been made of tlie steady liberation of 
hydrogen from electrodes. Winchester, who examined this effect 
ill detail with thin aluminium electrodes, found that hydrogen 
was released until the electrodes were entirely dis.^ipated. It is 
very clifheult to believe that this hydrogen is a product of the 
transformation of aluminium ^\■hen wf 3 remember the great enerifv 
cd the oc-particlc required to effect it. As in the case of helium, 
it seems more probable that the hydrogen was originally absorbed 
in the electrodes. 

Whilst it is clangei’ou.s to be dogmatic on these points, the general 
ovidence indicates that the atoms as a whole arc such stable 
structures and the nuclei are held together by such po3\erfu[ forces 
that only the most concentrated source of energy like the x-particle 
IS likely to be effective in an attack on such well-protected structures, 
hven when disintegration takes place, it is on an exceedingly 
minute scale, and only a few x-particlcs in a million are effective. 
If we had charged atoms available of ten limes the energy of the 
‘-(■particle from radium, we could probably penetrate the nuclear 
structure of all atoms and occasionally effect their disintegration. 
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L. -A Theoretiml Derivalion of the Principle of 
Ind uc£d A UeTTi'dt e Po IctT i tics. 

By Arthur Lapwobtil 

Tuv acUatices towards a definite theory of valency which 

have rocintly bwn made by Tlummon (Sillmian Lecture., 1!X,3; 

Phi Man 1921 [vi], 41, 510), Lewis (J. aimer. Ckm. i-oc., 

S 763)f ind Langmuir iibid.. 1919. 41, 868, etc.) have lx, -n 
followed by the aiipcaranee of numerous papers applying e ectrical 
llmlnns to the reactions of carbon compounds. Of these may 
be spcciaUv mentioned the papers of Fry (Z. physiM. 

7fi \s5 S98 591 ■ and numerous communications to the J. drarr. 
t7mmy.8oc.),’of Kobinson (T 1916, 10SL_ ^ 

f M f. Mier. amn. Soe., 1021, 43, 1703). The «„s 
o Prins (Chem. Feetttod, 1918. 15, 571) and of lorlander fee, 

Wm 52 [B], 263) apiiear to be based on conceptions of stems 
which are not verv cleaily electrical in origin 

Mem Manchester PIM- l^oc., in, l.) 

In his paper to Ihc Manchester Society [loo. cU., pp. .1 cl 5f 

natural resemblani.e. H. he did not regard it 

.some important respects, anc, m < ’ occuiTenee 

b. .»* .i.b tto l>« ■'»' “ 
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to shade into one another or can fail to suspect that they might 
all he referred to a single fundamental principle or combination 
of principles, and in the present paper it is hoped to indicate where 
these may be looked for and how they may be brought into line 
^vith modern electronic theories such as those of Lewis, Langmuir, 
and Thomson (1903 and 1921). As some of the fundamental 
points connected with the discussion and the general mode of 
reasoning were indicated by the author more than twenty years 
ago, he now ventures to refer in the first instance to the communi- 
cations in which this was done. 

It was suggested (T,, 1901, 79, 1265, et seq, Compare also P., 
1901, 17, 93, et seq.) that the laws of change in carbon compounds 
are the (mathematically) necessary results of the operations of 
the laws of valency applied to the, migration of the point or con- 
dition of free valency arising from a dissociation akin to ionisation.* 
It was noted, however, that what may now be termed a “ simpli- 
fviiig factor ” must also be operating and this was .stated in the 
following form : ''The state of dissocAalion which leads to isomeric 
change e:^:ists, ui general, only once in the molecule at any instanlT 
These considerations led at once to the ay-rulc ” for a chain of 
atoms such as carbon, and indicated that the alternate atoms in 
such a chain might be expected to exhibit similar powers of acting 
as the seats of ionic reactivity ; or, to use a pliraseolog}' now familiar 
iiisucli connexions, the alternate atoms might be expected to show 
similar “ polarities/’ 

Consideration of a great variety of data such a.s llmse to which 
the author directed attention in his paper on the Latent Polarities 
of Atoms, etc. {loc. cii.), lias made it evident that induced alternate 
polarities frequently become manifest w'hieh cannot be explained 
by the “ migration ’ of a ‘‘ whole free valency ; but by extending 
similar conceptions to include the migration of pai'tial ” valencies 
with polar cliaracters, it appears possible to eoiistruet a general 
(‘xplanatioii which is also remarkably consistent wTth the modern 
electronic views. 


Modified Lines of Development of the 'ty- Hide T 

It is assumed in the development that each atom in its organic 
chemical combination can be as.soc rated with a given (maximal) 
number of bonds or valency lines; that, whilst any atom may 
not have more than this msiximal number associated with it, it 
may have less; and, lastly, that the total number of the.se bonds 

^ The idea of the wanciering ” ol u. free bond arising from tiie process 
prcviouslj' boon utilised by MTsliccniis in liis work on 
aiitomerie ” (Aliretis-Sammiujig), by Ivnorr, and by Hriihl, with the 
^ of explaining tautomerism (compare T., 1904, 85, 48, footnote). 
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or valency lines (whole+fractional) in any part of a moleciile 
remains constant unless there is definite reason to postulate that 
some have passed to or from another part of the molecule or to 
or from the surroundings. 

This last proviso vill appear inconsistent vith the partial valency 
formuhe used by T\\ic\e, and vith the great maiority of others 
now quite usualiv seen in works on organic elicinistry ; but thse 
arc conventional, mathoniatically faulty, and incapable, wilhcui 
modification, of furnishing an explanation of the “ principle oI 
induced alternate polarities” 

\ glance at the Kgures. I and II, will make clear the difierencxs 
between the usual notation and that used by the present author. 
Certain missing partial valencies are denoted by the .sign, x, 
wliere, in the usual notation these ivould appear as real partial 
valencies ; they will hereafter be referred to as ‘ virtual. Attach, 
meiit of a distinguishing sign, such as X , to some of the free partial 
valency lines in many of the formuhe now in common use, ivouH 


serve equally well. ^ , 

A “ virtual valency may he defined hy the statement that the 
sum of the “ real ” and “ virtual ” bonds and valencies attaclifil 
to any atom in its organic chemical combinations is equal to the 
usual “ maximal ” valency of the atom as above defined. It n 
not to be coirfused with a ” residual ” or ” latent ’’ valency, idiieli 
is an excess, or rather, an unshared quantity, of what, with a 
“ virtual '' valencv, is in defect. 

Now the conditions laid down at the bcginiiiug of this section 
permit of a .great variety of modes in wliich valencies may he 
readiiistod after a disturbance, some of these inodes^ being (le- 
pendent on th.. original disturbance and other.s not. In order to 
limit the modes in such a « ay as to exclude forms which the orgaraf 
cle-mist out of his experience, would consider purely fanciful, ith 
iiccessarv to introduce suih a “ sinr.ilifying factor ” as the author 
emmeiated in liWl- (C'omjrare italics on ;i. « i of present paper, 
•riio author now prefers to state it in I'ne following extended torin. 

When anij disUrrbancf^ labs place in ihe number of sJiare^ oi Jw 
valencies ^chid art assodakd u-ith an atom in its nonnai *r ; 
combimim., then a conslraint ,s nsualli, sd vp and the aim s/, 
to regain its normal condition. This may lead io a redi^ikp 
of valencies else, there ; but in the consequent changes dv.e to the ino^ 
nation of the strain along any part of the molmik 
points h that part taken logelher cannot exceed the original con. i _ 
in that part. [The chances of a second disturbance arMivj ^ _ 
pendenlh/ at another point in the 'same molecule, are mall ««>«;•_ 
first is so prolonged as to assume a stalk character, and in the a 
'pages the results of a single initial disturbance only are consider.} 
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The first, part oi this assumption is obviously an attempt to 
apply, so far as it seems possible to do so, the “ Principle of Least 
Action ” wliich has been variously enunciated by Maupertiirs, Le 
Chatclicr, and others. A finst approximation for tlic calculation of 
the values of the constraint and strains is indicated a little later on 
The most general relations to which the author desires to direct 
attention in the first instance can be deduced most readily from a 
coiisitlerafion of possible “ con, 5 cquent ” changes in part of a mole 
rule, such, for exain|,lc, as the part, . . . A„ in the central formula 
in eilher of the Fig.s. T or II, These central formiihe are supposed 
to represent the niolecule.s in their normal, or resting ” con- 
ilitions, A,j, Aj, etc., are tlic symbols of atoms and A. i.s .supposed 
(0 he joined directly to A^, but is figured with all bonds atoms 
etc., otherwise associated with it in such a way as to make it’possible 
to defer for the present any discu.s.sion of what it is preei.sclv that 
is happening in that part of the molecule, a.s that is a large t|uestion 
independent of the immediate issue. The + and - sien., ,rhich 
m attaciied to the atoms in the central formula! are in arTtieipation 
,.f tlie conclu,sions arrived at in later jiortions of the present paper 
and, as iu the authorts earlier paper (Jim. Jhnekesie,- Phil ,%c 
Ik. at.), denote the "relative latent polarities” of the atoms’ 
the atom, A„ is the “ key-atom ” anil, as formerlv, is indinated 
by attaeliiiig a dot to iti> polar sign. 

The molecule, re,, resented in each case by the central formula 
1.! assumed to suffer a " constraint,” the primary effect of wliieh 
on the part of the molecule iieluw etc.) is solelv to alter the 
ma.triiitude of the bond which attaches A, ro the atom \ It is 
iwp.ircd to deterniine what secondary or ' eo.iscrjnent ” readjust- 
limits 111 the bonds and valencies attaehed to tlic atoms in the 
' '‘™' - 1 ■ ■ ■ may fake place without departing from the 
mnditioiis laid down at the beginning of this seetioii. 

A full bond is for generality assumed to be divisible into three 
‘‘‘piai parts. 


Thy-urved arroms indicate th.c directions of movement of the 
1‘if'ial irtlencics to or from llie bond, Ag Aj, 


(Aq, etc.) 

■^2 

y/ 




1(a) 


N4 


K 6 ) 




(\, etc.) 


A,r" 



Fio, I. 
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Case I (Fig T). Where the constraint is such that the bond 
between A„ and A, is (Tn) decreased or (II6) increased, by (t,vo) 
partial valencies, respectively (la) passing to, or (lo) proceeding 
from, the system (A,,, etc.) or the exterior, and hence the total 
of the bonds and walencies attached to the atoms in the chain, 
Aj . . ! A,, snffers a corresponding decrease or increase, respectively. 


(A,, etc.) 


^A, 

a/ 


do, etc.) 
iK'O (n)j-Ai 

-[ A3 


-'A/ 
Fig. H. 


Ca^e II {Fig. H). WIrm'o the constraint is such that Ihe bond 
between Ao ami A^ is (Ila) decreased or (II6) increased by (two) 
partial valencies, respective iy (Ila) passing to, or [Uh) proceeding 
from, the chain, A^ . . . A,, itself ; and hence the total of the lionds 
and valencies attached to the atoms in the chain A^ . . . Aj underguts 

no change. , 

It will be clear that there arc theoretically four distinct modes ■ 
in Avhich the change in the bond, ..^o Aj, may be effected. In 
deciding what arc the iirobalilc forms that the part of the molecule 
below (Aq, etc.) may assume, as a consequence of the occurrence 
of each of the four modes, the postulates above laid dovn ha\e 
been applied, together with the " simplifying factor." In using 
the latter it has been assumed, as a first approximation, that the 
magnitude of the constraint is proportional to tiie change in the 
magnitude of the bond, Ao A,, and that the strain at _cach 
atom is proportional to the change in the number of free •real 
valencies or of “ virtual " valencies ivhich are attached to it,.t the 

strain being reckoned as positive in all instances. ^ 

The relation postulated between '"constraint' and '’strain 
provides, for example, some reasonable premise for understanding 
why it is not permissible to as.siinie that the atom A;;^ in J ig. (/O 
can be restored after the constraint, towards its original valency 


* Cases wlieiv new rings arc formed are not considered liore, tliough a. 
recent work on intra-annular taulomorisTn uubcates, tliey max ari^i 
more frequently than ha,s hitherto lieen suspeeled _ 

t In reality the strain associated with a new real free valcncx a a 
the element, and probably in rim ordf^r C>X>(). For a new virtual vakne. 
the order is inverted, and probably 0>X>C>H. 
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|)V borrawing one or two partial valencies from, say, the bond 
between A, and A 3 ; for such a process would lead to such structures 

(Ay, etc.) (Ay, etc.) 




respectively, in the former of ^\'hich the strain (calculated on the 
basis that one full free bond or one new full virtual” valency 
coiTC-sponds with unit strain) is 4 x J and in the latter is 6 X 
whilst the original constraint at was only 2 x -J. d'he constraint 
in the part (Ay, etc.) is not considered. 

Xow with the foregoing pro^dsions it can be shown, best alge- 
braically, that the only possible modifications of the system, 

. . . Aj, are as follow : 

Case I(o). Thc}^ are .such as have only ” virtual” valencies, 
and these on the “ odd ” atoms only [unless any of the “ even ” 
atoms originally (central formula) had real ” free ” (lat(mt) valencies, 
in which case these may diminish]. 

Case 1(6), They are such as have only new real ” free ” valencies, 
and these on the “ even ” atoms only. 

Case II(«). They are such as have only real free ” valencies, 
and these on the '' odd ” atoms only. 

Case TI( 6 ). The}' arc such a.s have only " virtual ” valencies, 
and these on the '' even ” atoms only [unless any of the ” odd ” 
atoms originally (central formula) had real ” free ” (latent) valencies, 
in which case these may diminish]. 

The central formulae in Figs. I and TI ai’c denoted without any 
free valencies on the atoms, A^ . . . A^^, and additional fgures 
would be required to cover the con.siderable variety of possibilities. 
The complications which are indicated within the square brackets 
in the immediately preceding paragraphs ma\' work out in a variety 
of ways according as the atoms with latent valencies are readily 
deprived of their valencies oi' not. As will be shown later, there is 
reason to believe that oxygen and nitrogen, the elements of most 
frequent occurrence in carbon compounds with latent valencies, 
adhere very firmly to their valencies; and twen with the halogens 
there appears to be no reason tt) suppose their free valencies ever 
icad to the complications in question. Where these complications 
come into operation, then of course the -^^i-rule ” and not the 
■' ^y-rule” will obtain (coinpare T., 1898, 73, 4.)7). 

Q’ 
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The fonnulffi to left and right in Fig^, I and II may therefovo 
be regarded as general expressions for the results of some possible 
changes in a ehain, . . . A^, in which the atoms in the “ resting •' 
states of the molecule (central figures) have no “ free ” (latent) 
bonds or valencies, or, at least, none which is brought into oporatio]) 
as the result of the constraint; they are the “activated’' 
(Robinson, Manchf:s(er FhiL Soc., 1921, 64, ii, 17). ‘I’bf. 

principles indicated in the tigures must apply whatever he Iho 
precise physical interpretation attached to the chemist’s bond or 
valency line, providing that ii has the properties assumed i]i 
deducing the relations with which the figures correspond. Xlie 
necessary simplifications of the figures for the case where a bond 
is assumed to be divisible into two parts only will readily be made 
out, as also will modifications thereof, such as, for instance, thoH- 
in which the strain is not propagated from its original point or is 
propagated without' the distribution (between two atoms) whicli, 
for the sake of generality, is suggested in the figures. Extensions 
to cases where double bonds are present or to those in which the 
constraint is sullicient to lead to complete disruption of the bond 
between two atoms will be self-evident. 


Interpntalions Based on Modern Elect rank Views of Vaknoj. 

The author, in compiling all previous papers, had in mind tin 
older view that bonds and \alcncies denoted something of tin 
nature of tubes of force, and it is possible to make out a good case 
for such a concejition even at the pi'esent time when ehrniiiai 
combination is coming to be generally accepted as associated with 
a sharing of electrons by the atoms. It is, however, necessary to 
bear certain points (dearly in mind. For instance : if the laws of 
valency assumed at the beginning of the preceding section hold 
Lj[uite strictly for the tubes of force, then it has to be assumed that 
in each atom, eonsidenal in its organic combinations, tlu're is a 
constant number of tubes of force shared by its nucleus and il? 
electrons, and tliese are included in the symbol fur the atom. 

Thus, if in Figs. I and IT c'ach whole or })artial bond or valcmv 
line is assumed to' stand for a certain number of Faraday tiih'S 
whicli are joining (F'ctrons in one atom to the nucleus of its neigh- 
bour, tiicn the new “ real free |)artial valency lines in the fonmihr 
to left and right would represent Faraday tubes proceeding oui- 
wards to the surroundings, and the “ virtual ” valencies woula 
denote tubes proceeding outwards from nuclei. The former would 
be associated with negative field;? and the latter with jiusitive 
ones. It is thus not ditliciilt to perceive lliat the arrangement d 
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and — signs in the central formulae are just those which would 
be siigg<?sted by a study of the reactions of the couipounds, and 
we have a theory which is apparently a generalised form of tliat 
proposed by Coiiarit {loc. cit.) to explain some reactions of carbonyl 

compounds. 

There is, however, another way of ijilerpreting such figures, io 
which the author’s attention was first directed }>y Professor J. P. 
Coiiciiin a private cornmunication (October 9th, 1921), the relevant 
part of which may be quoted : 

•• Why do you split up your bond into three partial valencies 
rather than two ? If you took two it w’ould fit in with the Lewis- 
Langmuir atom and your partial valency might represent one 
electron.” 

The present author would not wlmlly abandon the conception 
of a partial valency line as denoting tubes of force, especially for 
interpreting the e.xtjTune manifestations of the induced polarity 
phenomena, such as, for example, its ('Ifoet on tlie order of acidity 
of the cresols, wdiicli is not easy to understand on the “electron- 
niigralion ” view alone. But the results displa 3 Td in the preceding 
section must apply either to Tarada}* tubes or to electrons, or to 
iioth, providing only that they obey tlie laws of valency as defined 
and limited in that section. 

Nevertheless it at once becomes apparent on applying Professor 
tViheii 8 suggestion to the interpretation of jtartial valency’ formtilm 
such as have been used latterly, for example, by Bobinson and by 
the present author {Mem. Majichesfer l-'hil. iSoc., 1920, 64, ii, 1,17, 
and other j^laccs indicated in the latter paper), that a remarkably 
consistent application of modern electronic theorv to carbon com- 
pounds lias already been developed and was only awaiting such a 
.-uggeslioii before taking definite form. 

ihus, b}’ limiting tlie subdivisions of tiic single bond to two 
jfarts (electrons), denoting appropriate vaieneies as virtual ” 
(that is, as indicating missing electrons), and replacing KobinsoiTs 
luoped latent valcncw signs lor nitrogen and ox\'gen l>y ordinary 
ha* lalencics (unshared co-valenc}’ electrons), intei'jiretations of 
icactixity and chenheai change aj^pcar v.dhch are the most striking 
agnenient witli modern clecli'unie views. But it would also seem 
10 follow that these views must admit, and Thomson's already 
appear to do .so, of a certain amount of elasticity in tlie eoJieeption 
of ’duplets” as the minimum number of electrons required for, 
pit least, sub-stable atomic attachments. The broad rules of 
: reactivity and substitution in tiie aliphatic and aromatic sej'ie.s, the 

, lor example, all thoso free valencies attached to atoms with -f sipiis 

tiiy author s paper. 

Q* 2 
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basic properties of heterocyclic compounds such as pyridine pyrrole, 
and alvoLline and other problems of equal general interest receive 
exjiions of a satisfying kind in terms of electronic properties 

““t: tanLmttioIrSuired to follow the points to tvliieh 
attention was directed in the last paragraph are so simple as to 
be temost cases, almost self-evident to any who are familiar vv„h 
modern views, and they will not be dealt with in detail herc^ 

In t went communication, discussion of this aspect of the goii«l 
n Wi will be confined to a consideration of the function of ll,e 
in inducing alternate polarities, and the interprc 
taSn of the results in the preceding seetimrs on the assu,.ip,.„„ 
that a partial valency shall denote one electron. 

I will be evident; in the first instance, that an atom with a 
« r 1 ” imrtial valency is one which has been deprived of oiir 

with a positive fie d and niU e p, associated yith 

im lis' ‘^^8) ^ The propagation of the “ constraint ’ then as a 

sheU*“iJ denoted vnih a I'e’al free partial valency, then it has egta 
w’ • V ^holl but one of these electrons is iinshartd. 

only in common. Allhougn tne ^ ^ r 

>h™« ^ 

...*■» ™ x's " 

rSt ,uUe IM, be insufficient to hold them together (the 
arc the present writer s) , ^ ^ , 

Igow assuming that the h, * 

operating merely in virtue of a tendency to a var.at.o 
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number of electrons which it shares with the atom Aj, then we 
may surmise that 

(«) Aq should be an atom with a variable eo- valency. 

(?/) Aq, if it can function as in Fig. I(«). should be an atom which 

readily in co- valency. 

(f) Aq, if it can function as in Fig, 1(6), should bo an atom which 
readily rises in co- valency. 

((/) Aq should in any case bo an atom whicli, ^\Ilen it varies in 
co-valency, adheres strongly to its electrons — and. in particular, 
jiiore strongl}" than carbon adheres to its electrons. 

Xow the atom.s of oxygen and nitrogen certainly' have the 
properties (a); (c), and al! to a well-marked degree, when 

these eleinent.s occur in their so-called ‘'bivalent'* and tcr- 
valcnt states re.spectively (compare l.aiigniuir, J . Amer. (Jhem, 
Soc.. 191^1? 927). The halogens exhibit similar jU’uperties, but, 

it may fairly bo said, to a less marked degree (fluorine is not here 
considered). T'he author has alrcxady pointed out that “ bivalent '' 
oxv^^en and “ tervaleiit nitnjgen are f)y far the most effective 
(negative) “ key-atoms " and that (‘‘ univalent ") chlorine appears 
to exert, although to a much less marked extent, a somewhat 
similar ‘'polarising'' influence (J/rw. ^landusUr Phil. Soc., 1920, 
64. ii. 5). Moreover, the order of the affinity of the throe elements, 
oxvgen, nitrogen, and carbon, for the electrons in their outer shells 
(’■ octets “), is no doubt the order of the proximity of the electrically 
neutral atoms to the stable arrangement in the neon and this 
indicates the dcseeuding order; 0,>\,>C (compare Briggs, Phil. 
Mag., 1921, [vi], 42, 449, 450}, 

Hydrogen, which a[)]acars to exert a slight “ polarising influence’^ 
of the oppo,site kind (■‘ po.sitive "), would have to come under 
Case II (Fig, II) ; but as it is diflicult to see how the Rutherford 
hydrogen atom could share more than two elect rons with another 
atom, it seems necessary to suppose that here only Case 11(a) applies ; 
that is to say, that hydrogen, acting a,s “ key- atom," docs so by a 
partial dissociation from its paidner, to which it abandons one of 
the electrons it previously shared vith it. This is at least entirely 
consistent with the crude concept ioiJ of the foiunation of hydrion 
in which a combined hydi’ogen atom drops both electrons, or with 
the modified view (which the author prefers), namely, that the 
dropping of one electron by a combined hydrogim atom is the 
precedent to the ionisation of acids. In the sann^ connexion may 
be recalled the experiments of Langmuir and others which have 
furnished proof of the separate exi.stence of free, neutral hydrogen 
atoms; that is, of hydrogen atoms with but one cdectron each. 

It will be evident that on an electron- distribution diagram, even 
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more simply than on a force-field diagram, a satisfactory expia^. 
ation of the principle of induced alternate polarities ” may V- 
worked out by combining the relations discussed in the previoiK 
section.s of Die present pa])er with the hcwis-Langmuir-Thoiasor 
theories of cliemieal combination. It is not difficult to perceivc- 
many directions in which the conceptions suggest new^ line.H of 
advance in organic chemical theory, hut it is impossible within thf- 
scope of a short communication to enter into detail. 

Before concluding this paper, it appears worth while to attempt 
to summarise more obvious ])ossible causes of the “ constraint " 
postulated in the earlier pages. Briefly these would appear to be ; 

(«) Absorption of thermal or radiant energy, leading in the 
first instatice to redistributions of atomic attaclnneiits, usually at 
the atoms with variable co- valencies. 

(h) Ion formation, by dissociation, at the “ key-atoms.” 

(c) Ion formation by association, as, for instance, by the form, 
ation of a complex ion by union of the molecule, at the key-atom;' 
with a simple ion. 

(d) Xon-ionio association with other uncharged molecules, which 
occurrence, like [b] and (c), would be likely to upset the balance 
of forces and lead to new distributions of the electrons or of the 
tubes of force or, of course, of both. 

(e) Tendency to certain molecular distributions of affinity. 

As an instance of what is meant under the last heading mav 
be mentioned that iiispcetion of a \au'y large mnnber of the nion 
acceptable formula based on the conjugation theory of Thiele 
seems to indicate that tiicre is a dciinitc tendency in carbon cliaim 
to something like an even distribution of valency; for example, 
forms such as ~Aj — A.p=: tend to arrange themselves a> 
—Aj— Ao— . Xow the presence of an oxygen or a nitrogen 
atom at the end of such a system vould almost certainly faeilitaw 
the occurrence of such a rearrangement owing to the readiness 
with which these atoms vary in their co-valencie.s, and at the samr 
time the order of the polarities of the atoms in the system would he 
determined by the greater tendency for the oxygen or nitrogen 
atom to retahi the maximal number of electrons in its {)Uter shell. 
In such a case, (nddently, the constraint does not originate at the 

key-atom,” but the result is tlie same as if it did originati; then. 
This conception, midafis inutaudis, is likely to apply for atomi 
other than oxygen or nitrogen, and is one to which the author 
attaches very great importance, especially, bnt not only, in in 
application to static forms ; it would a})poar to receive iunucuiaa 
and striking application in coimexio'ii with molecules having alternate 
single and double linkings and to c^cfoaromatic compounds m 
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virticiilar, especially as Thomson ha.s already pointed out that the 
suitable arrangement of the hen/ene molecule is that in which 
the pairs of atoms in the ring share electrons in threes, and not in 
twos and fours alternately [Phil. Mag., 1921, [vi], 41, 530). 

]n conclusion, the author desires to emphasise two- points : 
(1) tliat whilst the interpretation of a partial valency as an electron 
(>^111 be reconciled in the most striking manner w’ith pre.seiit-day 
formulic and reactions as pictured by organic chemists, it would 
be premature wliolly to abandon the force- Held \'iew, which is 
clearly related to it and which in some casc.s seems better fitted to 
account for the facts; (2) that, as illustrated in Figs. I and II, it 
not the mere weakening or strengtlicning of a bond that deter- 
mines the order of the induced polarities in a chain and conse- 
quent ly the inodes in which the atoms in the chain react, but 
rather, whether or not the excess (or defect) in the bond is made 
up from (or passes to) the chain itself. 

The author wishes to ex]n.'ess his thanks to Froh-ssor J. B. Coheni 
fur the suggc.stion (p. 423) which promises to bo so fruitful. 

Critical DEP.\RT^^K^'T, 

The University, ^Ianctiester. [ Received , Jonuanj lU/;, 1922.] 


LI . — An Explanation of the Pro pert [j of Induced 
Polarity of Atoms and an Interpretation of the 
Theory of Partial Valencies 07 i an Ekciroyiic 
Basis. 

By Willta:m Ogilvy Keioiack and Robert Robinson. 

lx recent times it has become more and more evident that the 
graphical formulae employed by organic chemists to represent the 
constitutions of chemical iiuii\idaals are expressions which in- 
adequately symbolise the properties of substances, and from time 
to time efforts have been made to introduce additional systems of 
notation corresponding with more or less definite theoretical ideas. 
Thus the sign adopted by Thiele to denote the existence of con- 
jugation of ethylene linking involves the theory of residual affinity 
which is almost but not quite identical with that of partial valencies 
of definite alternately positive and negative polarit}^ as formulated 
by one of us in order to develop a more convenient representation of 
the ethylene-nitrogen conjugated system. This fheory of partial 
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valencies equivalent in the sum to the normal valencies from whict 
they are derived has also been applied, to tlie explanation of iiitra- 
molecular transpositions and of the nature of aromatic homocycHe 
and heterocyclic types. Similarly, Fliirscheim developed a system 
of exhibiting the now well- recognised alternate effect in chains of 
atoms hy moans of thick and thin linOvS sho>ving augmented and 
diminished affinities, and Vorlander has used ]- and — signs with 
almost tlic same implication. Michael was perhaps the 
important pioneer in emphasising tiie importance of the intiuenee 
of the electrical polarity of atoms and groups in molecules, and 
Lapworth's theory of induced latent polarity of atoms, which, 
starting from a ia‘y-atom of recognised polarity, are alternately 
positive and negative in a chain, combines and extends the views of 
Flurscheim and of ^liehael and lias proved extremely useful in 
collating the data accumulated in connexion with such problems as 
orientation and the mechanism of reactions. Again, Werner has 
found it nece,ssary to introduce modifications in the conventional 
representation of the nature of oiiium ’’ salts and of “ complex' 
or eo-ordinated compounds generally, and the application of his 
methods has been extended witli striking success to many related 
types, for example, the triplienylmethane and azine dyes and 
oxonium salts of the anhydropyranol or pyryliiim class, Finally, 
the behaviour of the now numerous isolated radicles such as trl- 
phenylmethyl is not well expressed by formuhe with a normal free 
valency bond, and some kind of partial saturation of the latter by 
the uusaturated atoms which occur in the molecules of all these 
substances has frequently been postulated. 

Whilst all these theorie.s and their corresponding devices of 
syrabolisation have proved semdccable as working hypotheses, the 
connecting link in the form of a common physical basis is lacking, 
and it is the o])ject of tlic present communication to suggest that 
sueh mav be found in the ^Ihomson and Lewis-Langmuir theory * 


* The of Alsegg and Bodliiiidcr (Z. anorri. Chem., 1899, 20, 

4r)3) and of At>ogg [ibUL. 1904, 39, 330) sliould undoubtedly be mentioned 
as clearing tlic ground for the later rocoguitioii of tlio stability of the electron 
octet hnt in the development of modern electronic views of tho nature ci 
valency bv far tho most influential worker has been Sir Joseph Thomsoi 
(Silliinan Lectures, '‘Electricity and Matter” 1903: Phil. 

7 237* 1906, [vi], 11, 709; 1921, [vij, 41, olO), whose theory uf tho natiu. 
of tho’ chemical bond comprises all the features wliieh arv really essciina- 
to tho interpretation of the symbols employed hy organic chemists. Dit 
benzene formula given on p. 437 ha.s already been put forward hy Jhonisc • 
Ramsay exprc.s.sed tho electrical \'iew of chemical cumbmation ni a loi 
particularly adaptei Ho apiical to chemist^ (T., 1908, 93, - and m oon noM 
with the possibility that one electron may be shared by more than Uo ato ^ 
(and vice versa) (sec p. 433), Lodge (AuPot, 1904, 70, 176) lias made sugge. 
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,f the atom and of valency which we employ in the simplified form 
• uliich it was expounded by Langmuir at the Edinburgli meeting 
of the British Association for the Advancement of KScience. 

1. General. 

Xiie outstanding featun* of Langmuir’s theory whicli is adopted 
ill the sequel is the explanation of the nature of eliemical com- 
ttination and the recognition of the tendency to form stable octets 
of electrons in the case of those elements {except hydrogen) which 
most commonly occur in carbon compounds. With Langmuir, 
we take a single bond to mean the sharing of two electrons by the 
atoms counected and a double bond the sharing of four. We desire, 
however, to suggest that the facts of orgauic chemistry are best 
interpreted if it be assumed in addition that it is possible for con- 
ritruous atoms to share one or thri'c electrons. In the ease of a 
triple bond, it is thought that the sharing of .six electrons, although 
jjossible, represents an unstable condition, and the tendency will 
he for one of the atoms (carbon or nitrogen) to complete its octet 
ill a more stable configuration. It ma\' be recalled that Langmuir 
has already suggested the deformation of the octet in order to 
preserve the tetrahedral environment of the carbon atom, and in 
our view it is the number of electrons, and not a precise definition 
of their supposed arrangement in space, which is of vital significance. 

2. Co-valence and Electro-valence. 

It would seem that a sharp distinction Id et ween these two type.s 
of valency is not possible, and our views on this subject are precisely 
those which have already been clearly exjiressed by Briggs (T., 1921, 

tion.s which are so relevant to the .subject of llie nature of partial valency 
that two sentences may be quoted ; — 

'■ On any view electrons are supposed to repel and he attracted witli a 
force varying as the inverse square of the distance, and this is only con- 
sistent with a very large number of lines of force radiatijig from each and 
starting out in every direction equally," 

"When opposite charges ha \'0 paimd off in solitude, every one of these 
lines .starts from one and terminates on the other constituent of the pair, 
and the bundle or field of linos constitutes a full chemical bond; but bring 
other charges or other pairs in the neiglibourhood, and a few threads or 
feelers are at once available for paitinl adbesion in cross directions also,” 
The following references to the papers of Leu'i.s and of Tjangmiiir may be 
given: G. N. Lewis, J. Amer. Chein. Snc., 38, 7012; I, Langmuir, Pruc, 
Xol.Acad. Sci, 1919, 5, 2o2 ; J. Am^r. Chon. i>ov.. 1919, 41, SOS, 1543; 1920, 
42, 2,4; Science, 1920, 61, 005. Compare also W. Kossel, Z. Fhysik, 1920, 
1. 
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119, 1879). It is obvious that the. Thomson and Lewis-Larigniui, 
theory (I) of the nature of ammonium chloride is precisely that 
which Werner developed on purely chemical grounds (II). 

H 

HIXIH :ci: ,n.) H N H Cl 

H " ' . - 

+ 

No ditliCulties arc experienced in applying similar expressions to 
complex (piaiernarv ammonium salts such as the canadine inotho. 
salts, whereas such'forraul® as NHj ' HCl lead to anomalies. 

3. Polar Character of Atoms in Combination. 

An atom is called negative which is surrounded by a stable octet 
or which tends to attract electrons so as to make, up a stable octet. 
The octets are the more stable the less the electrons arc restrained 
bv being shared with other atoms and also the smaller the atomic 
weight of the clement. The tendency to form an octet is the 
greater the more neailv it is already formed. Omversely, a di;. 
intecrated octet tends to further disruption, and atoms surroimdeii 
bv such unstable systems tend to lose electrons and arc positive in 
polar character. The positive nature of hydrogen implies that a 
stable condition is reached when no eleetrons surround the nuclr®. 

Independent of the considerations discussed below, it seems 
certain that the introduction of electronegative atoms, such as 
0, N, Cl, in any position in a molecule increases the power ot the 
wtiolc assemblage to retain electrons. There may still be relative 
intramolecular differentiations of polarity, but the entire electro, 
revalivc tone «I11 be raised. An example of this eliect is t'lo 
increased dissociation constant of acids following on the rcplaeemem 
of livdro<ren bv lialogen. The converse proposition holds. Tie 
earbmi atom is assumed to be nearly neutral in saturated comiiouiK.-, 
but it.s condition in most cases represents a state of compronii.-v. 
and the arrangement sniTounding it is peculiarly susctplMC ri 
external iiiflueiice.-. fnsaturated carbon atoms may be eiflicr 

negative or po.sitive, according to circuinslanees. 

Ill the absence of powerful exlcrnal influencc.s, the following nUo 
appear to afford a trustworlliy guide as to the polarity exInhUn. 
hv carbon atoms in various .states of combination. I'lie attachniiii. 
of carbon to carbon bv two electrons induces a very slight constraiie 
on the two octets of vhicli they form a part. This is prog'-'^*'" ■ 
increased when llio number of shared electrons i.s three and leffl. 
and a decided positive polarity of unsat nrated carbon is the oiitceiii . 
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This accounts for the increased mobility of electrons in uilsaturated 
compounds and naturally as a corollary for the selective absorption 
of li^ht. Kxternal influences are, however, seldom absent, and in 
tlieir presence the function of an unsaturated systetn, particularly 
benzene ring, seems to be analogous to that of a resonator. 
Xliat is, the external group itself helps to set up a position in which 
tlie actual polarity of unsaturated carbon appears to be negative. 
Tliis is easy to appreciate where a group X affects a group Y via a 
benzene ring, but what we are now sugge^sting is that in some cases 
\ affects its own reactivity by the mere fact that it occupies a 
certain position relative to an unsaturated system. 

4. Induced Polaritii in a Chain of Atoms. 

It is possible to represent the majority of carbon compounds so 
to have an octet surrounding each carbon, nitrogen, or oxygen 
aiom, but it is quite clear that these; cannot all be of equal stability, 
miioss indeed (he substance is symmetrically constituted. If in the 

system, for some. rea.son internal or external the octet 

surrounding A becomes stable, this will automatically involve 
more or less appropriation of the two electrons shared with B, the 
octet surrounding which is therefore unstable and tends to disin- 
tegrate, If, now, another atom 0 is attached to B, it will have no 
(liOlmdty in appropriating two further electrons from B, and in 
doing so may form a stalde octet. This again will pn^clude a fourtli 
nicniher of the eliain 1) fnmi forming a .stable octet. In other 
words, the atoms A, B, C, and D are respectively, -f • 

I’iie case of allyl chioridc may be cited as a simple example : 

H H - 4 - - + 

H / — \ 

( Cl pi/cH jcH,. 

Here the stable octet surrounding the clilorine atom produces an 
unstal/Ie system about the adjacent carljon atom, and therefore 
the formation oi a stable system in the CH group is facilitated and 
occurs by the aid of two of the electrons held in common with the 
second unsatiiratcd carbon atom. It is accordingly quite natural 

that the product of the addition of H Br is (riniethvlene chloro- 
bi'omide, Cl*CH.yCHyCH,Br, 

I he case of the influence of positive atoms such as hydrogen and 
the alkali metals may l)e considered on precisely similar lines. 
!^iich atoms tend to gL\ c uy) an electron and in this way tend to assist 
(tie adjacent atom to form a .stable octet, and the alternate stable 
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and unstable systems involving alternate negative and positive 
polarity are again set up, It must be clearly understood that this 
view refers only to the mechanism of the alternate effect, and not 
to the circumstances which induce the ‘‘ key ’’-atom to assume its 
stable octet or to lose an electron. For it is probable that in many 
molecules the electrons are in a delicate condition of equilibriao 
very su.sccptiblc to external influences, and the character of these 
may virtually determine the orientation of the alternating stable 
octets In the molecules of some substances, liowcver, the activa. 
tion of anv one of the possible “ key -’-aioins would produce identical 
results, and in such cases it is certainly feasible to write polar 
formuliE which will express the behaviour of the compounds in all 
circumstances. Examples may be found in the structures of krl.- 
butyl alcohol, acetone, acetic acid, acetonitrile, acctoacetic acid, 
acctonedicarboxvlie acid, phloroglucinol in cither tautomeric torn,, 
orcinol, raesityhme, .s-xylidinc, and many other compounds. One 
further advantage of the Thomson and Lcwis-Langmuir theory in 
relation to this subject may be noted. Experience has shown that 
the alternating effect is transmitted but feebly by saturated atoms, 
whereas it may be discerned at the end of long chains wholly com. 
prised of unsaturated atoms. This is easy to understand in view of 
the fact that unsaturated atoms share more electrons in commoa 
than saturated atoms. There will be a greater mobility of electrons, 
and the octets, when formed, will have some units at least which are 
not subject to restraint, a condition which tends to stability. 

Although stable octets associated with alternate atoms m a chain 
represent what is apparently the most common arrangement, it 
is probable that other structures also occur. For example, in the 
rase of x-diketones such as dimethyl diketonc we may write ; - 


0 0 

CH3 C C CII3. 

and this formulation harmonises with the ready oxidation of tk 
compound bv hydrogen peroxide with formation of acetic acid 
The quinone; are in a similar class, and if these snostances arc 
least partly peroxidic, the explanation may be the tendency 
change from the abnormal to the normal (alternate) arrangeincn 
of relatively stable octets. 


.5, Primary Conjugation. 


The term “ primary conjugation ” is used to denote a 
occurring in the course of a reaction resulting in addilion 
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teiTuinal members of an unsaturMed system of more than two 

atoms. 

{a) Cotijugation of Eihyhne Lin kings, -~Tho, representation of the 
active ]3hase and conjugation of butadiene on the partial valency 
theory is 

CH2-CH-CH=CH2 -> ^ CH2- • 

and ou the Thomson and Lewis-T.angmuir theory as now inter- 

preted 

(III.) CH2ICH:CH:CH2 CH^iCHiCIliCH^ (IV.) 

“T — 

Similarly, the conjugation of three double bonds, suppo, sing such 
tu occur, would be represented thus : — 

. .CH2iCH:CHjCH:(lH:CH2 (V.) 

”*V ' 


Therefore the notation which has been used in the development of 
the theory of partial valency acquires a physical meaning if we 
assume that the symbols — , ^ — imply electrons to the number 

of four, three, two, and one, respectively, held in common by t\vo 
atoms. Subdivision of a normal valency into more than two 
partial valencies is accordingly a proceeding of doubtful validity 
unless one electron can be .shared by more than two atoms, or one 
positive charge on an atomic iiueieus by more than two electrons. 
There is nothing improbable in such an assumption, since the division 
of the tube or bundle of tubes of force emanating from an electron 
is already assumed in the hypothesis of shared electrons. Returning 
to the question of conjugation, we may now consider the mechanism 
nf the additive process, The polarised complexes (IV, V) represent 
an extreme and highly unstable condition which cannot be the 
normal state. More stable molecules arc the open-chain, nom 
polarised (III), and the cyclic forms, which latter in the case of 
imtadiene is shown in AT and \ ll, eleetremie and partial valency 
fonuuhe respectively. 


(VI.) ® 

dig* CHg 


CH~CH 

li n 

CHvOHo 


either in III or \ I the system is probably an oscillating one, 
the terminal carbon atoms becoming in turn feebly electropositive 
and electronegative,* and in the absence of a reagent this is the 


ta the Case oi iinsymmetrical substances, the considerations discussed in 
section (4) will determine the polarity of the unsaturated atoms. 
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extent of the conjugation, We suppose, however, that the reactant 
takes advantage of these momentary manifestations of polarity 
and that the process is then carried forward as illustrated belo^v uj 
in some such manner. 

Cll2lCIi:CII:OIl2| 

CH2:CH:CH:CII2 I 

CH2:CH:CH;CH2 

:d: :d: 

(a.) (6.) 

In words, the electrons joining the chlorine atoms one at a time 
attack a terminal unsaturated carbon atom, driving an clcctrori 
from the other terminal carbon atom into the electron system 
suiToii riding one of the chlorine atoms [b). There may, of course, 
be several intermediate phases, but any such modifications do not 
alfect the [)rinciple. 

{(>) The Tlh!j(eiie-}\ itrogen Con jugakd Si/sicm . — The partial valency 
represeritatiuLi of the polarised form of a base, 

is ; _:XRRi~CR2-CRSR^ 

and the eorrespoiiding expressions on the Ijasis ol the eiectrouit 
theory are 

,R K 

:x:c:cb,4 .XIC:C;^,., (vm.i 

” Ri 

It is clear the expression VllI denotes a mere alteration in function 

of the electrons composing the cretets, ana one of the salt-formiii!: 
electron, s on nitrogen becomes shared with the next carbon, a fm' 
electron appearing on the terminal unsaturated carbon atom of iId 
system. If this process occurs a second time, probably as the 
result of the approach of a reactive mcdecuie capable of dissoeialion, 
it may be the carbon which attracts the positive component, and 
with hydrogen chloride we get the salt (IX). 

R nm- 

; NiCidiK' :d: 

H ^ - 


(IX.) 
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Xiie O’-alkylatioii of derivatives of aminocrotoiiic ester and similar 
substances obviously follows exactly the same course. 

Clearly, therefore, transiatod by tervalciit iiitrogen with 

t\u) salt-foruiing electrons and means that one of tliese 

lias been restrained in its acUvities by being slrared with an adjacent 
atom. It must be conlessed that the power to develop latent 
\alc'iicies exerted by the nitrogen atom to such a remaikabie degree 
is a somewhat mysterious propcity, tiic compieLe explanation of 
uiiich will probably only bo lortiicoming vhen the eonstiiulioji of 
tlie atom as a whole shall liave been more precisely elucidated. In 
the meantime, however, the meciiaiusni ot the process is clear 
L'liough, and any restraint placed on tlie free clcotruns will reduce 
the balt-tonning power ot a base."^ 


0. hecondu/y Conjugallon. 

Xhis term is applied to those cases Avhero a process analogous to 
]i]'ijiiary conjugatjon occurs, but does not result in tiic formation of 
d pj'oduct formed by addition at the ends of tiie conjugated systejji. 

I'iie phenomenon is usually recognised b}- an oneutatitig effect 
and is postulated in order to explain the action of a soJ\’ent in I’aeili' 
tatmg certain reaotiojis, and m all those cases ^vliere under special 
coiiUUions different products are obtainahic from the same starting- 
points. Expressed in other words, seooiidaiy eonjuganoii is the 

* Xho stability of hec electrons la an ociet appears lo be ilic greater tlie 
iiii'tier tlieir uuuiber, tiic eMremo case being icpivocined by iJie ciilonne ion. 
It lullows that anuuDjiium sales nill be juore reaUily forined and more stable 
oaoiuuiu salts. Siiiiului'ly, tJie liJOre icebi}' basic character of aj'omalic 
ta comparcti tvah aliphatic amines can be cxplamcd hy tlic consult ration tliat 
uV: positive tinsaturutcd eanam of the nucieiis increu.Tcs Uie stuOiliTy oi liie 
uiU'ogfcn octet, uhich accordingiy jjolds its ircc ciectrons niore himly and 
reduces their tendency to attract posit )\o ions. IJjc relative nonnul in- 
stability 01 the free electrons of the tuirogoir atom ateuunls tor the lacUity 
H'ltfi wliidi it enters into conjugated sjsicnjs. It uhu su-Jits eJear that tiic 
iiwi-basic nature of tlic luirogeii hi pynoic, eaibatsuic, and snniiui compounds 
is due to two laciors, hrst, liio positive cljaiacier of the adjactut unsaturaied 
eai'bwi atoDis, atic', scaronuly, the e.Msttilcc of only one free cJeelion on the 
uiu'ogvu atom in tijo mmiu pfiase. it is iiapossibic at pioscnt to evaluate 
tijc simL'u of these tn'o circuntsiances Jit protiucuig tlu; observtui resuhs. Jti 
“tptophic and pimojhnc, the t\eakencd basic eliatucter of the — SXiu — 
feioup may weiJ bu due to ilie existence of tiie urraiigciiient 

.• 1 1 

' I • 

tUuch at the same time explain.^ the loss at teactiviiy ohserved in the carbonyl 
^roup ivsftli. 
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result of the activation of a “ key ’’-atom in a molecule on tte 
approach of other molecules either of solvent or reagent. The best 
examples are to be found in the reactions of aromatic cornpoimds, 
but in order to illustrate our meaning the addition of hydrobromic 
acid to allyl bromide may be cited, since this is one of the simplest 
cases of a Weiion proceeding in t^co directions. The product may 
be either irimethylene dibromide or propylene dibromide, and, in 
the former case, a secondary conjugation may be involved, or, on 
the other hand, it may not, since the normal arrangement in allyl 
bromide will probably be similar to that given above for allyl 
chloride and trimethylene dibromide is the natural product, 'lie 
formation of propylene dibromide is, however, abnormal and the 
result of the secondary conjugation illustrated below 

BrCH : CH : CH^ BiCH : CH : CHg 

H 

iBrMl 


BrCH! 


This idea of a loose union between the hydrogen atom and the 
bromine resulting in orientation of the additive reaction can also 
be expressed in another way, as shown in the annexed scheme, which 
represents a process bearing some analogy with Baly’s activation of 
molecules by opening up their fields of force [Physikal Z., 191.h 
14, 893) ; 

hBy B/a 
''ll' H 

.. .... . H 

: Bv ' C : C : C ■ 

“ ' u 

H V. 

The loosening of the hydrogen atoms by the bromine produces 
the result illustrated alongside on the stability of the octets, 
should bo noted that the effect of the centrally situated hydrogen 
atom opposes that of the remaining four. 




By ' : C : : c : : c : 


H ,H 
’•Br • 


iCH^ 

H 


BrCH:CH:CH2 

H :Br: H 
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7. Aromatic Nuclei. 


Homocyclic Types . — In discussing the subject of conjugation, 
^ve have tacitly assumed that three electrons shared by two atoms 
a relatively stable configuration, and the electronic formula for 
benzene corresponding with the cyclic conjugated expression with 
six sesqui valencies (X) is shown in XI. 


1! II 

(X:) 


CH _ CII 


CH 

CH 

CH 

CH 

CH^ 

cii* 

CH^ 

CH 

CH 

‘cH 


(XL) ♦ 

(XII.) 



I'he relation of XI to the Kckulc formula XT! is seen to be a 
remarkably close one and to involve the movements of electrons, 
not from atom to atom, but merely to new positions in three 
octets. If, therefore, the benzene molecule is in fact, as many 
chemists have assumed, subject to vibrations and in a dynamic 
condition, a relatively insignificant roai'rangement is required in 
order to pass from one Kekule formula to the other, This considera- 
tion suffices to explain the non-existence of pentamethino (XIII) 
or any of its derivatives, since this compound coiiid scarcely survive 
the passage into the phase XTV without undergoing polymerisation 
to a substance such as X\’. 


* We venture to suggest that the following com entionid notation is simple 
arideonvcnient. Represent a single electron by a dot (and if Iield in coiniiion 
liy two atoms its position will indicate this), two electrons by an ordinary 
bontl. Varied structures are readily expressed in this manner; thus our view 
of the electronic constitutions of keten, piopiolic acid, carbylaininc, formo- 
uitrile, iiitrosodhncthylaniliue, and benzenediazonium chloride are the 
following - 


, >C— C— 0" 


H— C— C— C'< 


11 , }{— X— ( ■— , 1 1 —c— , 


ile 




Me 




Ihe formula chosen for the carboxyl group is identical with the expression, 

rv'^ 

recommended by Hanlzseli and by Lapwortli. 
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CH 

(XliT.) CH* 'CH 

dk : oil 

CHjCH •.C'HICH 

.■CIIiCH'-" CH=CH 
(XV.) 


CH^ 

Ch’ *’*CH (XTV.) 
CH : CH 

CH-CH^. 


CH : CH ; o,- -jh 


The mo.st stable or mean phases of naphthalene and anthracfiK; 
arc sliown in {XVI) and (XVII) respectively, 


CH ^ _CII_^ 
CH* * C ‘ CH 
CH C CH 

*cir** "CH ' 

(XVI.} 


CH CH ^ CH^ 

ch" ’‘V’* *‘’c/* 'CII /vv 

cii c Jo ^ _ck \/\/- 

■‘CH CH ' ch' 

(XVII.) (XVIII, ) 


and it is interestincr to observe that whatever arrangement of octets 
is chosen it is impossible that both the central quaternary atoms in 
naphthalene or more than two such atoms in anthracene can be 
surrounded by stable electron systems. One of these atoms in 
naphthalene and two of them in anthracene * must therefore be 
intensely po.sitive, and, in accordance with the considerations 
advanced in (4) above, this explains very satisfactorily the reactive 
nature of the a-position in naphthalene and the 9- and lO-positiom 
in anthracene. Taking the ease of naphthalene, we have the 


* As a matter ot fact, the eaviroiimeat of the central carbon atoms oi 
the naplithalcuc uml anthracene nuclei tends to make them all iJosithv, 
m accordance with tho \iows expressed on p. 4:>U m connexion with tne 
effect of varlcns tvpes of coinldnation on tho polarity of carbon atoms. Ftp 
su-gestinn put forv.ard in the text implies that in the case of one of tksc 
atoms in naplitlialene tlie tendency to form a system of alternate starw 
and unstable octets ovorbear.s its nalnral positive character. This 
is bound up witli tlic nature of the mechanism of substitution in aromair 
romimunds, tiie thcorv adopted being correlated with the additive hypoltiLs;. 
of .uch reactions. In considering the m.mnistry of polynuehnir com}XHmic 
generally, it should, however, be remcmlH.refl that the carijott atom.s (joinmi'^ 
m two rings have a tendency to evince positive polar character. 

Tho possibility must not be overlooked tliat the types repro,seiita{ k 
IIj, Br.,, and HO‘X(X may react mo.st easily with different phases c i nn 
misaturated molecule. Tiiu.s tlio formation of I : 4-dihydronaplilto 
appears natural if regarded a.s tho re.swlt of a symmetneal addition ot hyurogu. 
to naphtlialene in the phase d 


/\/\ 
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condition shown in XVIII, and addition occurs to the 1 : 4-positions 
preferentially as being the nearest to the source of the disturbance 
leading in non-rev^ersiblc substitutions to the replacement of hydro- 
,feii in oc-positioii. Jii reversible substitutions, for example, 
siilphonation, the weaker induced activity of the S-positlons can 
fome into operation. 

(/)) Ilcterocijdic Tj/pcs . — The hcterocycdic aromatic substances 
wliieh are typical of all others arc jiyridine and pyrrole, and to these 
the cyclic conjugated formuloe XiX and XX liave ])een assigned by 
ene of us in order to express the basic propertie,s of the former 
substance and the non-basic properties of the latter. 


i“! 

: 1 : : 1 

X XH 


(XiX.) (XX.) 


~ CH 


CH 

OH 

CH 

CH 

CH 

OH 

CH, 

CH 


_ CH3 1- 
(XXI.) (XXII.) 


The ease of pyridine presents no unusual feature, and the formulae 
XXI and XXII can he assigned to the base and its methoehloride. 
[’yrrolc, however, a])pears to have a peculiar electronic configuration, 
vhuwn in XXIII, which is an exact rendering of XX in accord- 
ance with the principles suggested above in discussing the ethylene- 


/XXITT.) 


CH ; CH 
CH CH,, 
xii 


CH : CH 
CH ck 


(xxiy.) 


XH 


nitrogen conjugated system. The peculiarity is the existence of an 
unrestrained cTectroii, denoted by an asteri.sk, on tire a-carbon 
atom. Tile properUe.s of pyrrole are in complete harmony with 
this interpretation. 

Ihc occasional reactivity of the p-po-sitioii is due to incomplete 
conjugation resulting in the pliase XXIV, and on the basis of these 
views it is readily explicable that it is the x -posit ion which is the 
must reactive in pyrrole and the ,S-position in indole. 


8. Mechanism of Tleacfioits. 

The mechanism of reactions ajipears in many cases notably 
simplified by a reference to the electronic basis. As a single example 
''e take the condensation of a pseudo-acid (nitromethane) in its 
«C(-form with a pseudo- base (cotarnine) in its ammonium hydroxide 
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form, leading to a product (anhydrocotaniinenitromethane), in 
which both acid and base automatically revert to the pseudo- 
condition. 


•- + 

'9' 

CH2iN:0; I 

. CH_. 

{CsH.O^K .o'H 

H- 


:'d. ;b: 

CHa H:b:H 

_ck. 

(CgHA)’ .NMe 


The only rearrangements of electrons involved in this process are 
in the octets themselves and in no case does an electron leave the 
octet of whicli it forms a part. 

Finally, it mav be noted that intramolecular rearrangements are 
equally readily Represented, and that, for example, the generalised 
form (R. Robinson, Mem. MancJiesfer Phil Soc., 1920, 64, iv, 7) of 
the pinacono-pinacolin and Wagner transformations is capable 
of literal translation into the electronic expressions if to the partial 
valencies is given the meaning suggested on p. 433. 

In the foregoing, an attempt has been made to show that the 
Thomson and Lewis-Langmuir theory of valency and electron 
configuration furnishes a satisfactory physical basis for certain 
modern liypotheses of organic chemistry, and if this attempt hag 
been at all successful the matter is certainly not lacking in that 
special inlerest whicli accrues when ideas derived from dillereiit 
points of view are found to be compatible. 

A very brief statement of these views was sent to Professor 
A. Lapworth, F.R.S., in December, 1921, and he at once replied that 
he had drawn similar conclusions which were embodied in a general 
form in a paper which he had submitted to the Society a short 
time before the receipt of the letter. The present communication 
is the outcome of his generous suggestion that we should submit 
our manuscript before having an opportunity to consult oun 
publication. 
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Amphoteric Character of Stannic Hydroxide 
and its hearing on the homer ism of the Slamiic 
Acids. 

(George Erhest Collins and John Kerfoot Wood. 

ONE of the authors has, in previous papers (T., 1008, 93, 411; 
i!)10 97) described investigations the object 

of which was the comparison of the basic and acidic affinities of 
\arious metallic hydroxides. It appeared to the authors that it 
would he of interest to make a study of stannic hydroxide from the 
same point of view, although it was fully anticipated that the 
invest ifration of this substance would jnesent difficulties much 
cTi-eater than had been experienced in the eaiJicr experiments. It 
lUEiv be said at once that this expectation was fully realised. It 
was found possible to determine approximately the degree of 
hydrolysis of solutions of stannic chloride by the methyl acetate 
catalysis method and to measure the amount of hydrolysis in solu- 
tions of potassium stannate by their irdlueiice on the decomjwsition 
of nitrosotriaceton amine ; the results obtained are given in the 
e.xperiraental part of this paper. Of the two series of experiments, 
those with the stannate solutions are pj'obably the more dependable ; 
in some of the stannic chloride experiments precipitation of stannic 
hydi'oxide took place, and this change in the system makes it 
impossible to regard the results otherwise than as of an approximate 
character. The values obtained for the degree of hydrolysis of the 
two salts were sufficient to conlirm the view previously expressed 
by various investigators that stannic hydroxide is a much stronger 
acid than it is a base, thus justifying the name of stannic acid 
commonly applied to it. 

Among the methods of investigation employed on former occasions 
the determination of the solubility of the metallic hydroxide in 
solutions of hydrochloric acid and of sodium hydroxide was found 
to be of value. When this method was applied t o stannic hydroxide, 
however, it was found impossible to attain e(|uilibrium in the great 
majority of the mixtures even after prolonged contact. The 
behaviour of stannic hydroxide under the conditions specified will 
be fully dealt with in a further communication, but it was of such 
a character as made it essential to consider fully liie subject of the 
isomerism of the stannic acids. This consideration has led the 
authors to form certaiti opinions witli regard to the underlying 
eause which is responsible for the change of the so-called a-stannic 
avid into S-stannic acid. Before stating these opinions il is necessary 



442 


COLI.IiNS AND WOOD •. 


to review briefly the iDore iiiiporttint of the very lumierous cotitn. 
buttons relating to the isomeiism of the stannic acids. 

A study of the literature reveals two main lines of opinion toj,. 
corning the stannic acids. *l.hc one is the view introduced by troDiy 
(Auh. dim. pJnjs., 184S, [iiij, 23, 303) and supported by Ib,:, 
{Pogg. Ann., 1848, 75, 1), Kngcl {Compt. rend., 1807, 124, Piy 
1897, 125, 401, Ool, TOO), and Kleiuseluuidt {Monalsh., 1018.39. 
140) to the effect that tavo distinct substances of definite compositiui, 
are capable of existence ; Engel, in fact, considered a third isoineiif],.. 
parastannic acid, to be capable of existence, but doubt was thrown 
on this by Kleinsehmidt. In o])position to this view wc have tie., 
theory which seeks to explain the belia\ iour of tb.c different modiiica. 
tions of stannic acid from the point of view of colloid chemistry, ii, 
support of this opinion it is pointed out that some of the compound^ 
which have been described as of constant composition may, as a 
matter of fact, sliow a very considerable variation in compo.<ition, 
Thus Ordway {SilVunan's American Journal of Adence, 18Go, p. i;:]; 
showed that the meta-stannates might have a composition shown 
by forniiilie sncli as Xa20,3Sn02; Xa^OjuSnOo: XaoOjTSnO^. (.tc 
\'ignon [Compt. rend., 1889, 108, 1040), measurements of the 
heat of reaction between alkali and (he various modifications d 
stannic acid, concluded that a series of polymerisations takes place 
during the conversion of the 7.- into the ^-variety, giving rise to a 
product of smaller basicity. Tlic iiu'cstigation of the dehydration 
and rehyolration of stannic acid gels by van Beminelcn ( liii' 
Absorption,'' pp. 54 et seq . ; 393 el mp) failed to yield any evidence 
of the existence of definite hydrates of stannic oxide ; he coiisidomi 
both the stannic acids to be colloids and the so-called meta-staiinato 
to be adsorption com})ounds. These views were somewhat cxtonikd 
bv Biron (■/. Abes's*. rhijs. Chon. Hoe., 1904, 36, 933; 1905, 37, %:]. 
994, 1030), who considered that l)y the condensation of x-stannic 
acid an uninterrupted series of J^-acids could be obtained, hut 
neither he nor van Bemmeleii expressed any.opinion as to the cauw 
of the a-fi-change. Wagner [Mouai Ji., 1913, 34, 95, 931 : KolM 
Z., 1014, 14, 149) directed attention to the decrease of suriacf 
which lakes place when a gel gj'adually separates out from a solutvjti 
and sliowed that this factor is of importance in connexion with the 
slow hydrolysis of solutions of stannic chloride. Amongst the 
most important contrifmtions to the colloidal explanation of tlx 
isomerism of the stannic acids those tuadc by 51ecklcnburgl) are 
particularly worthy of note. In a scries of papers (Z. a?iorg. Onn., 
1909, 64, 368 ; 19i2, 74, 207 ; 1914, 84, 121) he correlated the data 
in a very convincing manner and attributed the different bclnoiouf 
shown by the modifications of stamiic acid to a difference in the she 
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of their primary particles ; the modifications having the most highly 
(lovelciped j^*cliaracter were regarded as having the largest primary 
partic-les. This hypothesis has been accepted by Xsigmondy and 
hi< co-fforkers, Heinz and Franz ; the latter; {DUs., Gdtringerifl<J13) 
L'xprossed the view that the primary particles arc of amicroiiic 
tlnuensioiis and that in sol systems there is a gradual transition 
from tlie molecular state to primary particles and onwards, by 
Lt.miplex formation, to secondary ])articics. 

It will have been noticed that in llicsc various expressions of 
opinion, whilst the properties of a particular jn'cparalion of stannic 
acid are considered to be dependent on the size of the particles of 
tlu; ?;ubslancc, there is no reference to c.uises which may have a 
controlling influence on the magnitude of the primary particles. 
Meeklenl)urgli eertainiy refers to the influence of pliysical conditions, 
sudi as the temperature of preparation, on the nature of the product 
obtained, but it does not follow from this that size of the particles 
is determiued cither wholly or primarily by tiic operation of pliysical 
forces, Tian [Compt. rend, 1921, 172, 1402) has suggested that llie 
union of colloidal particles, resulting in a decrease in the degree 
of dispersion, is due to the operation of capillary forces, Tin- authors, 
liowever, have formed the opinion that the cliange in the size of 
the particles, and therefore the decision regarding- the properties 
which .shall be possessed by the resuUiiig product, is due to chemical 
action; the possibility of such ebemicai mdion is to traced, in 
the case of the stannic acids, to the amplioteilc clraracter of stannic 
hydroxide. The authors desire to point out, however, that this 
theoiy of the cause underlying tlie z-;i;-change is apjdiealile not onlv 
to the stannic acids, but also to the aiudogous compound.s of titanium, 
rircoihuiu, and other elements; the isomerism of tlie tungstic acids 

probably explainable on the .same hypothesis. It is surely some* 
tiling more than a mere coinciideiiee that tiie elements winch form 
so-called isomeric acids such as tliose at pre.seiii imder consideration 
■diould aliform liydroxides of a more or less wcll-deiiiied amphoteric 
character. 

Illustrating this theory by reference to .stannic acid, this substanee, 

H the moment of its formation, doubtless exists as the ortho* 
•ompound, Sn{OH).i. This is capable of ionisation both as an acid 
*ud as a base, and it is possible tlierefoie to conceive of a process 
tkia to salt formation taking place, eitiier in the same molecule, 
'riiieh would yield a compound suck as 8ii0(011).>, or between two 
nolecules, giviiig a product like (0H),3Sn*0*Sn(0fl)3. These pro^ 
'■Hts would, however, still be capable of ionisation, although 
'io.)ably to a less degree than the original molecules nf Sn(OH)j; 
tc process of salt formation would therefore continue, thus loading 
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to the production of condensation products of gradually increasm 
complexity. If the view of Bellucci and Parra vano [Z . anorg , Ch)n 
1905, 45, 142) with respect to the constitution of stannic acid be 
accepted, it is probable that a portion of the stannic hydroxid^j 
would, soon after its formation, unite with water to yield a product 
having the formula Il^SnlOH)^ and that salt formation would tbeu 
take place between this substance and some of the unchanged 
stannic hydroxide ; this process of condensation would then con. 
tinue, as previously indicated, to give products of yet greater 
complexity. The greater the extent to which this union between 
molecules takes place, the smaller Avill become the surface of the 
product in comparison with the total surface of the original mole- 
cules, and tile smaller will be the tendency of the substance to unite 
with others, owing to so much ot the allinily of the original molecules 
having been satistied . This hypothesis, therefore, gives an adequate 
explanation of Avby different preparations of stannic acid mav be 
made up of particles of varying size and of why the particles ol 
larger dimensions should be possessed of smaller ohemical activity 
and a relatively smaller capacity of adsorption. It also natnrallv 
follows that any physical condition which promotes chemical 
action will tend to fai’our this process of salt formation or condema- 
tion, and that the product ivill be possessed therefore of a more 
pronounced li-charaeler the higher the temperature at which it h 
prepared. The difference in the heats of neutralisation of ditlereiiT 
modifications of stannic acid as observed by Vignoii (foe. cit) h 
obviously easily accounted for on the theory which has been 
advanced. Ihirious otlmr phenomena, such as differences in tk 
ease of peptisation of different specimens of stannic acid, the slow 
hydrolysis of stannic salts, and specihe case.s of adsorption, will 
be discussed in detail in future communications, it may be heiy 
mentioned, however, that the experimental results relathig to thest 
subjects which are recorded in the literature, as AveU as those whicli 
have been obtained by the authors, are in agreement with tk 
requirements of the theory. It may also be of interest to iUk 
that experiments are at present in progress in these laboratorks 
upon titanic and zirconium hydroxides, whilst it is hoped soon to 
commence work on tungstic acid; the results so far obtained ki 
these other inve.stigations are in harmony Avith the general theory 
Avhich has been advanced, 

Whilst, on general grounds, the authors are of the opinion that tk 
colloidal theory of the hsoinerism of the stannic acids gives a hotter 
general explanation of the facts than does the alternative view of 
the existence of definite compoupds, it is Avortliy of note that tk 
hypothesis which has been advanced in explanation of the 



TliE OIPHOTERIC chakacteh of stannic hydroxide, etc. 445 

of the a-S'Cbangc is not absolutely opposed to the existence of definite 
conception wliich has been advanced is 
^ involving a continuous series of condensation jjrcjducts of gradu- 
ally increasing complexity, it is certainly within the bounds of 
■i<?;ibilitv that under certain conditions all tlio condensed mole- 
^ule< formed should be possessed of ttie same composition, in which 
■a^etlic condensation product will appear to b(’ a definite compound 
to which a particular formula may be ascribed. 

hi concluding this portion of the present communication, it may 
ho observed that Pauli, hi a pai)er on the structure of colloids 
(FiU'iKlav Society, Bi.scussion on Colloids, October, 1920, published 
pcH) has also expressed the view that many sols of metallic com- 
pounds contain complex molecules due to the imion of, for example, 
<)me of tlie simple molecules of the original substance with mole- 
cules formed by the hydrolysis of the; original compound. Whilst 
this is of Interest as being an attempt to trace (lie dilTcrenee in the 
j)roperties of colloids to the operation of chemical action, it does not 
iippcar to be so defmite a statement as that advanced by the authors, 
inasmuch as no pai’ticiilar cause appears to bo given as to wdiy 
this complex formation .should take ])lace, nor is the mode of union 
-if the constituent simple moleeules suggested. 


P X P E K I U E N T A L. 


The Degixe of ILjihvlijsis of Aqueoio<^ Solufwns of Sfannic Chloride, 
as indicafed by the MeUiyl Acdate Catalysis Method. 


The solutions used were prepared by adding about 2-9 c.c. of 
>tannic chloride to 511 c.c. of distilled water in a stoppered bottle, 
rapidly shaking to dissoKu* Ibo sul>>iance, and (hen making uj.) the 
volume to 500 c.c. The concentration of the resulting solution W’as 
tiieii deternuued by analysis, the chlorine being estimated by Vol- 
liard's method and the tin by ju’ccipitating as ^ulp^hido and then 
'.oiivei'ting into oxide. The i'(^sults of these determinations "were 
incomplete agreement, a jiart leiilar .solution giving chlorine concen- 
tration O’lhOT A” anrl tin concentration 1)‘19(UA". 

One hundred c.c. of such a solution contained in a wcll-corked 
flask were raised to 25° in the thermostat ; after aitaiiiing the 
temperature of the Itaili. 4 c.c. of freshly distilled methyl acetate 


tvere added, the whole was well sliaken, and a portion of 4 c.c. 
I'cmaved and titrated with barium liydroxide solution of approxi- 
mately dccinormal concentration ; at stiitable intervals further 
hoi'lions cjf 4 c.c. were removed and titrated; to ensure greater 
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other. In the preliminary scries of experiments, the velocity ton. 
stant of the action was compared with that obtained from a sinijiaj 
experiment in which a solution of hydrochloric acid of the ^anie 
chlorine concentration as the stannic chloride solution was allows 
to react with methyl acetate ; the approximate degree of hydrolysis 
havint: thus been determined, a more exact measure was then mad,, 
using a comparison solution which contained hydrochloric «id 
and potassium chloride, the total chlorine concentration being the 
same as before and the concentration of free acid the (pmntny 
indicated by the preliminary determination. 

\s mentioned in the earlier part of the paper, a prceipitalc wa, 
gradually deposited from some of the solutions. The fornBi,o„ 
of this precipitate did not appear to have any disturbing imfuenccoii 
the reaction, the velocity constant remaining practically uncliaiigcd 
even although a considerable change in the character of the solmi™ 
took place- this is illusirated by the following values obtained for 
the velocity constant with a solution which was clear at the com. 
mencement of the experiment, but was exceedingly turbid ivliei. 
the last values were obtained. 


Time 

iiL 

mins. 

0 

652 

710 

822 

868 


Appearance of 
liquid. 
Clear 

Opalescent 


k X 100. 

0-113 

0-113 

0-115 

0-114 


Time 

in 

Appearanee of 

mins. 

liquid. i(:Xll)'i. 

922 

— 0-115 

1011 

Heavy turbiditv O-llI 

1117 

— ' 0-115 

1257 

0-Uo 


The following results were 
which had been kept for three days 
had formed in the solution. 


Time. 

Titre. 

a— 2'. 

k:<m. 

0 

21-68 

41-74 (- 

-a) — 

696 

46-74 

16-68 

0-131(8) 

759 

48-00 

15-42 

0-131(2) 

881 

50-10 

13-32 

0-129(6) 

958 

.51-45 

11-97 

0-130(5) 


obtained mih a 0-ll)7.Y-solutm 
after preparation ; a precipitate 


Time. 

Titre. 

n — 2'. 


1070 

52-81 

10-51 

o-iUMi 

1231 

54-98 

8-44 

0-1 

1379 

56-37 

7-05 


00 

63-42 





Mean 

O-ISOU 


Bcsults obtained with the comparison solution containing In* 
chloric acid and potassium chloride , total chlorine coiicentBtw 


Time. 

0 

704 

701 

826 

886 

963 


litre. 

19-10 

43- 04 

44- 58 

45- 43 

46- 86 
48-05 


42-16 

17-62 

16-08 

15-83 

14-40 

13-21 


=a) 


k X 100. 

Time. 

Title. 

« -.r. i-:dW 

0-123(9) 

1068 

1216 

49-78 

52-54 

11-48 

8-72 

0-121(8) 

0-118(6} 

1374 

2232 

53-38 

58-25 

7-88 6-l-2''i 

3-01 

0-121(3) 

0-120(2) 


61-26 

Mean 

i. c. 
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b^oin the two velocity constantn given, it is obvious that the 
free acid in a O'lOVA^-soIution of stannic chloride has a concentration 
of 0’184A"* It is impossible to state with certainty the mode of 
hydrolysis of stannic chloride, but from the large amount of free 
acid present it appears very probable that the reaction takes place 
ii) accordance with the equation 

SnCl4 + 4 H 2 O ^ Sn{OH)4 + IHCl. 

\>>iiming the action to be correctly represented by the above 
etliiation. the figures given above indicate that a 0’197.Y-solution 
of stannic chloride is hydrolysed to the extent of about 94 pfT cent, 
at -5^ 

:siinilar cxi)erimeiits were carried out with a moro eoneentrated 
solution of staimic chloride, the actual concentration being 0’396Ah 
in this case no precipitation of stannic hydroxide took place, the 
siihstance all remaining, presumably, in the colloidal condition. 
The comparison of the velocity constant with that given by the com- 
parison solution (a 0’397A"-soluiion of hydrochloric acid) indicated 
that the concentration of free acid was 0*286Ah corresponding with 
a degree of hydrolysis of 72 per cent. 


litvfstigation of the Hydrolysis of Potassium SiannaP. 

The material used in these experiments was ])rcpared by the 
iiiethofl described by Marignac {Aiinahs des Mines, 1859, [v], 15, 
:177). Thirty grams of :x-stannic acid (prepared by the action of 
{■aloium carbonate on a solution of stannic chloride, folio w'ed by 
(thorough washing and drying in air) vere fused with 80 grams 
<if jwtassiuni hydroxide, and the cold ]:irodiK't was extracted with 
hot water and filtered. The filtered solution was evaporated until 
saturated, and was then ptlaced in a vacuum over concentrated 
'iilphuric acid, as recommended by IMuscuiu.s chim. phys., 

ISOS, [iv], 13, 95); the acid was subsequently replaced by sodium 
lydroxide. By this means small, clear ciTst!\ls were obtained 
yhieli were filtered off, rapidly washed once with distilled water, 
;heu several times with alcohol, and finally with ether. ^Vheii dry 
:o the touch, the product ^\■as dissolved in distilled water and the 
solution analysed; the alkali was estimated by titration with 
'H'drochloric acid, using methyl-orange as indicator, and the tin 
liy reduction vith aluminium and hydrochloric acid and subsequent 
fitration ^\ith iodine. The results showed that the potassium and 
tin were present in the atomic ratio of 2:1, the eoneentration of 
he solution being 0‘23LV. 

It may be mentioned that several attempts were made to purify 
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the potassium stamiate by washing several times with water and 
then with alcohol until the washings sliowed no alkaline reaction, 
this being the method advocated by Bellueci and Parravano (fe, 
cil ) ■ the substance prepared in this way was not complctoiy 
soluble in water and eontained less than the theoretical (luamitr 

of alkali. . , , 

The amount of livcirolvsis in the solution prepared as aljove va; 

determined hy the ;nethod based on the 

triacetonamine (Clibbens and Irancis, 1., ■ . Tanu. 

■mdOeakc T , 1913. 103 , 1722) ; the authors have pleasure iii espro,.;. 
hwr tboii thanks to Professor Francis for a sainple of tlie iiittoso. 
ormipound which he kindly supplied to (hem. 1 he oetenmnauor;. 
were made at 25°, the solution of nitrosotriacetouamine being rot. 
tained in a wide-necked flask fitted with a rotary stirrer provKkd 
w ith a mercurv seal, and haiiiig. also, a capillary tube loading to 
the nitrometer‘ in which the evolved nitrogen was collected 

measured; the stannate solution was separately warmed tothetor.. 

nerature of the bath and was then run into the (lask throiign a tap 
nmiel. It appeared possible that tliis dilution of the st.annw 
solution might be attended iiy a slow alterati.m of the amount o! 
hvdrolv.sis, but preUuunary expenments showed this to be uiil. A 
the velocity constant of the reaction being of practically uiiclmiwi 
value throughout the whole ccurse of the read ion. ^ ^ 

0-13 Cram of iiitrosotriacetonaniiiie was dissohed in Jl cr.i. 
water and 25 c.c. of 0-231 .A’-potassium staiinatc solutioii ndiH: 
after mixing, the concentration of the stannatc solution wasO-ltx\ 
The solution was slightly opalescent and remained so lluougliou. 
the experiment. 


Timo of Read- 
reading jug of 
in nil ro- 
minutos. j not or 
0 ‘3-lo 


Time of Xtead- 


rm ru- 
in ot or. 1 

r^— i'l. 

r,-fV 

mi l int (.'3. 

meter. 

‘3-15 

15-15 



11-80 

O' 05 

^ V'^— I’l 
12-25 

o) 

0-i)li ( 

50 

12-15 

12-05 

0*00 ■ 

11-70 

0-0172 

oi 

745 

10-85 

0-0175 

i:>-20 

13-50 

8*05 

10-25 

0-0177 

05 

8'40 

9-90 

0-0177 

72 

11-05 

8-90 

9-40 

0-0177 

82 

87 

11-05 

15-05 

9'40 

8-90 

0-0177 

9-85 

8-45 

0-0177 

94 

15-40 

10'40 

7-90 

0-0181 

100 

15-07 

lO'SO 

11-20 

7-50 

7-lU 

0-0180 

0-0180 

CO 

18-30 
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jifcomposidon of hdtmsotriacdommme in Presence of Com.parison 
Solution, 

Tlic comparison solution was prepared to contain approximately 
,ho >ame concentration of potassium hydroxide as prcliminarv 
;.x|,eriiiumts had indicated to be present in the stannale solution 
Ifutassiiun sulphate bcinj; added so as to make the concentration 
-,f potassium flic same in the two solutions. In the experiment in 
iBcsiion, the concentration of potas.sium hydroxide, after mixing 
.nth the solution of the nilroso-eompoiind. wa.s 0'018.T, the total 
dotaiiimn concentration being 0‘12l)^V. 


iinc of 
ailing. 

Nitro- 

meter 

reading. 


L 

0 

2-00 

14>73 


3 

2-S5 

{^cc-i^n) 
13 >90 

0-01S8 

G 

.3'()o 

KMO 

0-0193 


4'43 

12>32 

0-0)97 

12 

r)-03 

11-72 

0-0189 

h) 

0-60 

IMo 

0-0180 

IS 

0-20 

10-55 

0-0185 

21 

0‘7o 

10-00 

0-0184 

24 

7-30 

9-43 

0-0182 

2T 

7-80 

8-95 

0-0184 

30 

8-30 

8>4o 

0-0185 


Nitro- 


Time of 

meter 



reading. 

reading. 



34 

8-90 

7-85 

0-0185 

40 

9-7.3 

7-02 

0-0184 

40 

10-50 

6-15 

0-0189 

50 

11-00 

5- 75 

0-0188 

55 

11-50 

5-25 

0-0187 

00 

12-00 

4-75 

0-0184 

05 

12-4.5 

4-30 

0-0189 

72 

13-05 

3-70 

0-0192 

75 

13-27 

3-48 

0-0192 

SO 

13-60 

3-15 

0-0193 

CO 

16-75 

0-00 

Aiean 

0-0188 


Fmm a comparrson of the velocity constants, it is obvious that 
c coueomrafton of free alltali in the solution of the stannate must 
■•01 Assuming that the hydrolysis of the salt take.s place 
il'c manner represented in the following equation 

KjSn(OH)5 + 2H,0 v:-: HjSnlOH), q. 2KOH, 

;ain«,mt of free alkali pre.sent is equivalent to a degree of hytlm- 
Oi IS per cent, 

I'otas.siinn st.annafc i.s hvdro- 
ictu n^' I r*"’' ^omewlmt more 

e ixlcntof HI ,,er cent, shows eonclusivclv that stannic 
Uo.xi(Ie IS cotistderably .stronger a.s an acid tlian ai a l.ase. 

OLUicF. or Tfcuvoi.oqv^ 

• Juna ' ca , Dccrmbdr ' IWi , 192J. j 
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hUl.—Com.flex Metallic Ammines. Part Vll. 
Condnclivities of Diethylenediammecohaltic Bromidti 


By James Cooper Duff. 

Werxer {Ammkn, 1911, 386., 81) described the preparation and 

properties of ci^'Solphitodiethylcucdiaminecohaltie chloride from 
irarw-dichlorodiethylenediamiuecobaltic chloride and sodium s«]. 

phite. He obtaink the salt in dark broM'n crystals. All ite 
other known cis-salts of this type, containing a dibasic radicle, are 
red or pnrplc-red in colour. As these have the acid radicle linl;ed 
to cobalt through oxygen, Werner explained that the siilptito- 
chloride was brown because the sulphite group was linked up mib 
the cobalt atom by means of a sulphur valency, and he therefore 
WTote the formula I, 



0.,S^ 


:«>co 


Br (IT.) 


To obtain more conclusive c\'ideiice that sulphur linked dircrtly 
to cobalt in the complex causes the salts to have a brown colow. 
attempts "were made to obtain the thiosulphato'broiuide (II), iji 
which sulphur must be directly linked to cobalt. Folk™? 
Werner’s method for sulphito-eliloride, the reaction between sodium 
thiosulphate and O-aa-^dichlarodiethylenediaminecobaltic clilondr' 
was investigated. Col, alt sulphide was found to separate as 
evaporation proceeded. A])],aicnliy a salt of the formula III 


(in.) 


1H,0 

h:o 


Co en. 


ICl 

8 , 0 ;. 


0,S<Q>Co cn, |Br 


was first formed, and ijistead of the thiosulphate radicle repIaoK 
the two aquo-gronns in the usual way, the complex deceffipa-^ 
and cobalt sulphide formed, The desired bromide was, ho^ft 
obtained from the carbonato-bromide and barium tlnosuipM^ 
{sec experimental part). This method is exceptional, since tte 
is apparently no intermediate formation of a diaquo-salt, ^ 
case, for the bromides described in the preceding parts o t 
The thiosulphato- bromide obtained was dark ; 

For comparison, the sulphato-bromide IV was prepared m t 
way from sulphuric acid ami the earbonato-brounde. 
obtained in dark red crystals similar to those of the carbona • 
bromide. In the sulphato-bromide the, sulphur is no 



DUFF : COMPLEX METAI^LIC AMMINES. PART VIT. 


451 


linked to cobalt. The results indicate that sulphur linked directly 
to col)aIt causes the brown colour of the sulphite- and thiosul- 

pliatO'SaltS, 

Werner and Miolati (Z. ph/si/cal. Chm.., 1893, 12 , 34; 1S94, 14 , 
',06) measured the electrical conductivities of solutions of complex 
ammonia salts of platinum, cobalt, and chromium, and obtained 
result? which readily distinguished between salts showing one, 
tvvo, or three ions in addition to the complex ion. Those salts 
with one free ion gave values for the molecular conductivity at 25*" 
raiuiiJ^g 108 '5. Salts 3 nelding two free ions in addition 

to the complex ion gave values between 2344 and 207-6, and those 
salt? which yielded three free ions in addition to the complex gave 
values from 383-8 to 42G-9. 

In addition to the three salts described above, a series of 
bromides of the type [A Co ciiglBr, in which A i.s the radicle of a 
dibasic organic acid, has been described in the last three parts of 
this series (T., 1920, 117 , 1071; 1921, 119 , 385, 1982). These 
have all been prepared from the same compound, ri.9-carbonato- 
dirthylenediaminecobaltic bromide, by very similar methods, and 
for this reason the similarity in their structure may be more safely 
assumed. Their molecular conductivities have been measured, 
and the results given below agree with those found by Werner 
and Miolati (loc, cil.) for salts yielding one free ion in addition to 
the complex ion. 

The molecular weights of the bromides used vary from 319 for 
the carboiiato-bromide to 533 for the dibromosuccinato-broraide. 
The results obtained indicate that with increasing weight in the 
complex ion there is a greater tendenev' for this ion to" hydrolyse 
in dilute solution. Where hydrolysis was avoided, tlie size of the 
complex ion seemed to luave no iuHuence on the final figures obtained, 
horn the results, it will be S(um tiiat for eiglit bromides the values 
of /i are between 103-5 and 108-3. 

The presence of a sulphonio group in the complex in place of 
the carboxyl group seems also to lead to greater bydrolysj.s of the 
complex in dilute solution. This applies to the aliphatic sulphonic 
derivatives. The only aromatic snlplionic derivative, o-sulpho- 
henzoic acid, in the complex, gives results which show less hydro- 
1^4> than is the ease with the coiTesponding phthalato-broinide. 

he sulpliato-radiele, as iii the sulphato-bromirle, behaves like the 
suiphonie radicle in its tendency to cause hydrolysis of the complex 
in dilute solution, AVherc, however, a sulphur atom is directly 
hnked to the cobalt atom in the complex, there is evidence of greatiu- 
■ Ualitv in the conpilex. This is noliced on comparing the results 
sulphato- and thiosulphalu-broinides. 
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Considering the results in relation to the size of the ring system 
produced by the dicarboxylic acid and the cobalt, the 
show that where there are not more tlian six atoms in the rinj 
the complex resists hydrolysis at 25'. The on y representative 
of a seveii-membered ring system, produced from dicarlioxylit 
acids, which appreciably resist hydrolysis, are the succinate. a„a 
phthalato-bromide.s. Malcato-, mesotartrato-, and dibreraosm. 
ciiiato-bromides give results which indicate hydrolysis iiK-reasing 

in the order named. ^ 

The case of the methionato-liromidc )s of interest. Ihis Mas one 
of the most difficult bromides to prepare (T., 1920, li7, Khji, 
1'he electrical conductivity results shov that hydrolysis occurs in 
the complex very readily in solution. This explains vhy the 
methionato-methionate [loc. ciL), although almost insoluble m 
cold water, was only obtained in quantity during the preparation 
by evaporation of the solution to low bulk. Also this salt is very 
soluble in cold dilute ammonia solution, and yet cannot he ropre- 
cipitated from this on aeidifying. This is now explained by the 
hydrolysis of the complex which occurs in the ammonia solution. 


Experimental. 

as-Sulplinfodiethylenediaminecobaltic bromide, [SO 4 C 0 en,,lBLH,0, 
WAS Obtained in dark red ery.tak by slowly adding the oqu.val™, 
amount of .Y-s„lphuric acid (.31-3 c.c.) to a hot solution of cart»«. 
dietliylcncdiaininecobaUic bromide (a gram!.) in . i . 

and evaporating on the water-1, atl, to low -'h l;otnKl Co^ b ^ 

Br = 21-32 ; SO 4 =- 2.5-68 ; 11,0 = 3-01 . H,0 

1 A • Er — '^14'^ • SO, — 25' / 5 ; H.,0 =- TbJ 

requires Co ~ io-bi , Er 1 4- , - 4 

The crystals slowlv become anhydrous on exposure to an. 
after heating, thus proving that the sulphato-radidc is t.ilud, 

ci.s-.Sh(l;,/i,Vodid/iyfe«cdi«'m5iecotci/lc innifodc, [SO3C0 ciijlBr.oHjt: 

was obtained in golden-brown needles 

cent, sulphurous acid solution to a hot solu ion t. ^ o 

carbonato-bromide in 100 c.c. of water. Five pei 

the equivalent amount of sulphurous acid - ‘ 

ing brown solution was evaporated to low bn k on 

(Found: Co -.14-85; Br^ 20.10; SOa = 2(h 8, H.^) -^4 ^ 

CjHijOaXiBrSCo.BHjO requires Co = lo-Ol , Br - - 
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20*36; II^O — 13*74 per cent.). A fresh solution of the bromide 
iiives no precipitate with barium chloride until the solution is 
heated, when barium .sulphite slowly separates. In other reactions, 
it resembles the chloride described by Werner {loc. cit.). 

iaminecobaUic brom i(h, 

[S.,0/Jo en,]Br,3H20, 

was obtained in dark brown, irregular platc.s on adding barium 
tiuLisulphatc, BaS20;5,H20 (4*18 grams), to a hot solution of the 
carbouato-broinido (5 grams) in 100 c.c. of water, and heating in 
boiling water lor one hour. After filtering from the barium carbon- 
ate which separated, tlie solution was evaporated to low bulk at 
a tem)i(;mture under 50^ Kvaporatiou at higher temperatures 
causes the separation of cobalt sulphide. The .salt requires recrys- 
tallisiiig from water (bound : Co = 13*03 ; Br 18-GO; S = lb-21 ; 
H,0 - 12-30. G4H^g0.jX4Br:S2Co,3H20 requires Co = 13-88 ; Br = 
18-80; 8 ~ 15*00; H^t) — 12-71 per cent.). 

The thiosulpliato-group is entirely in the complex, since a freshly- 
lii-eparcd solution .shaken vuth fri^sldy-precipitated moist silver 
■eKide gives a hydroxide from which all bromine has been removed, 
but which contains the tliiosulphalo-radicle, its presence being 
indicated by warming either with dilute sulphuric acid or with 
silver nitrate .solution. 


M okcular Condn ci i v it k-s. 

All the electrical conductivities were measured in the same 
Kolilrauseh cell, the cylindrical form narrowed at the foot being 
uw-d. J.iie electrodes were freshly platinised, and the cell eoristaiit 
was found by means of O-OLbY-potassium cldoride solution. A 
WlieaUlone bridge ^vitli 100 cm. scale was used together with an 
induction coil and telephone for measuring the resistance of each 
S'diition. A current of four volts ^\as obtained from dry cells, 
llic measurements were all made at 25' in a thermostat, and all 
solutions were prc'pared at or under 25' to avoid the possibility of 
increased liydrolysis of the complex at liigher tenpieralures. 

^ rue iiumhers in tlie fmA column of the fullowhig table indicate 
tne bromides in the following order (1) Carbonatu-, (2) sul])hato-, 
(3) sulphito-, (-1) thiosulpiiato-, (5) uxalato-, (G) malonato-, (7) 
paoacetato-, (8) bcnzyisulphoacetalo-, (0) methionato-, 

) Micemato-, ( 11 ) maleato-. (12) mesotartrato-, ( 13 ) dibromosuc- 
ina 0 -, (14) phthaiatu-, and (j.5) o-sulphobcnzoato-diethvlene- 
wamuiceobaltic bromides. 

H* 
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32 

04 

128 

250 

512 

1024 

1. 

H= 90-40 

96-8o 

101-4 

103-5 

105-4 

106- ] 

2, 

90-4 

98-50 

100-9 

114-0 

119-7 

125-2 

]07..n 

3. 

89-32 

99-24 

lOS-1 

115-1 

122-8 

127-(3 

120.4* 

4. 

S:M8 

90-65 

90-40 

104-1 
99-97 + 

113-0 

101-0* 

118-5 

IO 3 .. 5 * 

5. 

8()-02 

94-12 

100-1 

103-9 

107-6 

105-0* 

107.- 

lOlj'S* 

0. 

85-90 

91-02 

98-35 

100-7 

103-2 

10(K 

10.')..’,* 

”• 

89-32 

96-25 

103-3 

100-5 

112-6 

105-3* 

] 15-4 
lOO-b* 

s. 

S5-o3 

94-50 

103-5 

111-8 

116-9 

101-9* 

1244 

103-5* 

'J. 

112-7 

182-3 

209-9 

242-2 

281-5 

317.6 

209.i)» 

lu. 

7] -39 

78-77 

80-48 

91-84 

103-6 

ui:.2 

lOlts* 

11. 

77-13 

87-84 

99-50 

103-9 

119-8 

11 5-5* 

12().fi 

118-2* 

V2. 

95-70 

121-0 

145-3 

109-8 

197-4 

2U-S 

l'J3-t* 

13. 

130-8 

178-0 

202-4 

230-8 

256-9 

2 74' 5 
217-1* 

M. 

76-00 

85-23 

95-23 

101-0 

94-14* 

113-4 

105-2* 

121-1} 

li)S-3* 

lo. 

70-94 

80-01 

89-04 

95-85 

100-4 

lOS-S 

nio-6* 


* These figures ucie ubLained by using freshly jnade solutions. 


Addendum. 

The only bromide in the list for n’hicli conductivity values havr 
been previously published is the oxalato-bromide (No. 5). Tortlifc 
purpose of the preceding measurements it was prepared by Pm 
and Brazier's method (T., 1915, 107, 1376). The salt obtained 
had the formula [C.^O^Co eUolBrjH^O. Werner and Vilmos [I 
anonj. Chem., 1899, 21, 153) prejiared the salt by a different method 
and found it to he anhydrous. This may account in part forltie 
lower values obtained by Werner and Herty [Z. phj/siyi Chn. 
1901, 38, 338) on measuring the electrical conductivity of tb 
bromide. At 2'5®, for v ~ 1000 and 2000 they found y. 
and 90-94 respectively. 

Chemistry Deiwrtmeyt, 

MuxicirAL Technical School, 

Birmingh.\.m, 


i j??c'Cf;(rrr?, Februar!) lOt/o 19--, 
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UY.—The Cyanine Dijes. Part IV, Cyanine 
Dyes of the Benzothiazole Series, 

By William Hobson Mills, 

L'he bases of the benzothiazole scries Mere observed by Hofraann 
,0 sliOM- a marked resemblance to quinoline and quinaldine. He 
,vas eonscquentiy led to attempt, liy acting Math alkalis on mixtures 
)f their alkyl iodides, to prepare from tliem dye.s analogous to the 
-yaniiies {Ber., 1887, 20, 2262). By heating aqueous solutions 
)f a quaternary salt of benzothiazole and 1 lie corresponding conn 
WLind of 1- methyl benzothiazole M ith ammonia, he succeeded in 
ibtaiiiing substances which in fact shelved, in their brilliant metallic 
iistre and their intense colour in solution, great similarity to the 
lyes of that class. He examined more particularly the compound 
,i)taiucd from the amyliodides, and his amdysis of this substance 
'Onfirined his view that it M’a.s produced by the condensation of 
»ne molecule of benzothiazole amyliodide M'ith one of 1-mcthyl- 
lenzothiazole amyliodide \vith the elimination of one molecule 
tf hydrogen iodide and, probably, tvo atoms of hydrogen. He 
epresented its formation by the folloM ing equation : 

^ HI -f- H. 

nd regarded it as cyanine in which the quinoline nuclei were 
epiaced by nuclei of benzothiazole. 

In connexion with previous ivorlc on the cyanhio dye.s (T., 1920, 
.17, o79, 1035, looOy a re-examination of thcrse compounds was 
indertaken. It was found that the yield of dye obtained from 
■ mixture of benzotliiazole ethiodirle and 1-methylbcnzothiazole 
thiodidc by Hofmann’s method was so small a.s to render further 
rork very difficult. Other mctliods wove therefore tried and it 
'■a^! discovered that tlie condensation could be carried out much 
lore conveniently^ with p\Tidinc. .solution of the two ethiodides 
1 pykline, after having been h(‘at('d at 100'" for several hours, 
hw, on cooling, a crystalline deposit which consists of a purple 
JO mixed v-itii a larger quantity of a briglit yellow compound, 

0 dye crystallises in prisms with a steel-blue, metallic lustre 
lid gives intense purplish-red solutions which are decolorised by 
adjtion of excess of a mineral acid. It thus strongly resembles 
10 ?5ocyaiiines, and is evidently the dictiiyl analogue of Hof- 
iiRms diamyl compound. It is. moreover, a j.)owerful photo- 
raphe sensitiser, conferring sensitiveness for the green, yellow, 

Q orange legions of the spectrum, The vellow compound which 
lormed along with the dye is likewise a' quaternary iodide and 

E* 2 
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is considerably less soluble than the dye. It is also, as Mr. p ^ 
Reruvick informs me, according to the spectrographic invesli»atirr' 
very kindly carried out in the laboratories of McR.srs. 
Limited, a powerful sensitiser, conferring scnsitivene.ss on 
chloride emulsions for blue rays for which such emulsions am 
normally sensitive. 

The investigation of these two substances has led to an 
pected result. It is tlic yellow eornpound, and fiot the red {]■■•<. 
as Hofmaim supposed, whieli Inis proved to be the (pscufk 
cyanine {1} of the benzothia/.ole series. It may therefore be 
a thhcjjau'uir:. The pur{)lo dye has the composition rccjuirod V- 
the formula contains two more carh.v 

atoms and two more hydrogen atoms tlian the yellow .sahsuitip*- 
and it will he shown that there is great probability that it haulii- 
constitiition II. 




If this is correct, the quinoline dyes with which it is to be compar^i 
are the carbocyaniiies (Pope and Mills, Phot. J., 1920, 60, il.jo,: 
it is the pinacyanol of tlie benzothiazole series, and the iiaEt 
carbothiocyanme is proposed for the d^TS of this class. 

The constitution (1) of the yellow iodide (diethyltliiocyciiib 
iodide) has been cstalilislied by s 3 mthesising the compound fe 
o-aminophenyl mercaptan. Wlien two molecular proportiuiii d 
the latter substance are heated with one of ethyl maluiiaU', ke 
following condensation takes place : 

+ EtO,C'Cn,-C()J- 1 -p - 

C'cH4<|>C-CI-u-C<^>CjH, .1.. 2ElOH-' 

The resulting ‘‘ arihydro-base,” dibenzothiazolylmetiiano, bdiwe 
as a inonoacid base towards ethyl iodide, forming a monoelliic®:- 

only (III). 

C6H4<|>C’CH2-C<|>CeH, c,H,<”>c:circ<|Xu, 


{IV.) 
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Xhi- quaternary salt, when treated with alhalLs, loses hydrogen 
jnriido for exaniplo, papaverine benzyl chloride (Decker and 
Khiuser. Bcr., 1004, 37, 528) and benzyklihydrowoquinoline 
rictliosuipliate (Hamilton and Robinson, T., 191(1, 109, 1035), 
Mill ^ yellow, crystalline base melting at 1(12''’, which must 
ijave the constitution IV. This compound, 2-ethylbenzothiazo- 
i,.nvlt)cnzothiazolylniethanc, comhines readily with one molecular 
proportion of ethyl iodide, givin.g a yellow, quaternary salt which 
proved to be identical with the yellow compound fonued by the 
Miuleusatioii of benzothiazoie ethioclidc witli 1-methylbenzothi- 
;y.o!e elhiodide. Although the addition of ethyl iodide to the base 
I\' might conceivably take place in more than one way, the 
iikiitity of the product witli that obtained from a mixture of 
heiizothia/.ole cthiodide and l-mctliylbciizothiazole ethiodide shows 
that one ethyl group must bo attached to each of the two nitrogen 
atoms in its molecule. The addition of ethyl iodide therefore 
(das place at the iioii-ethylated nitrogen atom of the base, and 
the yellow, quaternary iodide is consequently proved to have the 
fonstiliilion I. 

The corresponding series of reactions was also carried out in 
the methyl series. The yellow iodide, 

wiiich formed tlie final product was found to be identical with tliat 
obtained by condensing benzothiazoie methiodide with 1-methyb 
bi iizntliiaznle metbiodide. 

To gain information respecting tlic manner in which the purple 
dye is forjne<i frorti the two alkyl iotiides, tlio corresponding condensa- 
tirm \vn.«j carried out with a mixture of benzothiazoie cthiodide 
anfl 1 : 5-dimethylbenzothiazoie cdh iodide. The presence of the 
5-mt'thyl group in the latter substance enabled the residue of the 
1 nedlmethyl compound to be identified in the condensation products, 
M the share taken l)y e;K'h cthiodide in tlie eonchmsation could 
pii-s be determined. The reaction proceeded in the same manner 
ps before, witli the formation of a similar mixture of a purple dye 
^nd a yellow substance. 

1 The composition of the yellow substance was that required by 
[oi'mula 

j Hid Gvidencio at present available does not serve to distinguish between 
for the compound and the, prosiimalily, tantonionc formula in 
flic 1 the iodine is attached to tlie oilior nitrogen atom, witli the corresponding 
fati in the uoiible linkings. 
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/\ 

EtI 

(V.) 

(VL) Et I 

(VII.) Et 1 

Tt was Ihus, as ^^■as to be expected, the inonomethyl derivative 
of tlie yellow compound previously obtained, and was accordinglv 
formed from one molecule of the ethiodide of benzothiazole and 
one of the ethiodide of the 1 : o-dimetliyl base. 

The purple dye, however, liad tlie composition ; 

it is thus the dimethyl derivative of tfie purple dye 
previously obtained, and therefore both the benzothiazole nuclei, 
which it contains, are derived from the 1 : 5 -dimethyl compound. The 
tw^o rcsidue-s of this compound account for twonty-two out of the 
twenty-three carbon atoms in the molecule of the dye; the mole- 
cule is thus built up of those two residues and a residue consisting 
of one carbon atom and one or more liydrogen atoms. 

Since the dye is not produced by the action of pyridine on 
l-methvlbcnzothi azole ethiodide alone, it seems that the part which 
the benzothiazole ethiodide plays in its formation is to provide 
this monocarbon residue. 

The simplest interpretation of these facts would appear to he 
that the latter residue is a methenyl or methylene group, through 
which the two residues of 1 : 5-diraethylbenzothiazole ethiodide 
are linked together. In consideration of the general chemical 
characteristics of the 1-methylbeiizothiazole alkyl haloids, it is 
probable that sucli a linking would bo etfocted through the carbon 
atoms of the 1- methyl groups. This view is confirmed by the 
relationship which can be 1 raced between these dyes and the 
carbooyanines. 

In the first place, there is a marked similarity in the conditions 
of formation of the (;ompound.s of the tw'o series ; the carbocyanmos 
are best prepared from a mixture of a quinoline alkyl haloid and 
a quinaldine alkyl haloid (by the action of alkali and formaldeltydci. 
but neither of the two quinoline nuclei present in the molecule d 
the dye comes from tlie quinoline alkyl haloid, Both are derived 
from the quinaldine alkyl haloid, and the dye is built up from the 
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i.,...uiacs of two molecules of the quinaldinc alkyi haloid and a 
iiicthenyl group. These purple benzothiazole dyes are similarly 
formed ^ from a mixture of a benzothiazole alkyl haloid and a 
l-methylbenzothiazole alkyl haloid, but neither of the two berizo- 
thiazole nuclei present in the molecuk.^ of the dye, conies from the 
benzothiazole alkyl haloid. Both are derived from the 1 -methyl- 
benzothiazole allyyl haloid, and th(' dye i.s built uji from the 
residues of two molecules of the 1-mcthylljenzuthiazole alkyl haloid 
and a mono-carbon group. But whilst in the preparation of the 
carboo\'a nines a.s usually carried out, tln^ methcnyl group is sup- 
pi e-d. at any rate largely, by tlic added foianakleliyde, in these 
purple benzothiazole dyc.s the mono-carlion residue is apparently 
produced directly or indirectly by the dc^composition of the benzo- 
thiazole alkyl haloid. There is, moreover, an exact coiTespoiidence 
ill the composition of the dyes of the two classes; the composition 
of the (lye from l-mcth 3 dbcnzothiazole ethiodide, for example, is 
pix'cisely (hat which would be possessed by a sub.stanee derived 
from pinae^’anol by the replacement of th(‘ two quinoline nuclei 
wliich it contaiu.s by nuclei of benzotliiazolc. Secondly, there is 
a close agreement in the general ph^-sical and chemical characters 
of the two series of dyes, extending even to the fact that both 
are exceptionally powerful phobjgraphic sensitisers. On these 
grounds it is exceedingly |)robable that these purple dyes are 
analogous to I he carbocyaiiine.s in structure, and accordingly that 
their constitution is to be represented by the formula of the ty] 3 e 
of II and VI corresponding with the formula of pinacyanol (VII) 
(Mills and Hamer, T., 1920, 117, 1.550). 

It is true that (hero i.s considerable difference between the colour 
of tile two classes of dyes; the carbocy'anines arc blue, whilst 
these benzothiazole dt'es arc purplisli-rod. Benzothiazole deriv- 
atives are, however, in general, le.ss deeply coloured than the 
corresponding derivatives of (pi noline. Fcjr example, the alkyl 
iOt]ide.s of the (pinoline bases are yellow; those of the benzo- 
thiazole basc.s are colourless, or nearly so. The pseudo-v, ykinmes 
are red; the forTe.sponding derivatives of benzothiazole, as 
is shovn in this paper, are yellow. The carbocyanines of the 
benzothiazole series would therefore he expected to be considerably 
e^is deeply" coloured than the true carboc3\anines. 

Photographs of the absorption spectra of th(\<e purple d^a^s in 
tic \isible region taken in a wedge spectrngra [,)h on a panchro- 
matm plate show a close re.semblance to those of the carbocyanines. 

‘ shou s a pair of bands overlapping 
as^ le t ickiiess of the solution increases, the less refrangible band 
being the deeper and the more sharply defined. The bands in 
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tho pinacyanol spectrum are deeper, broader, and more distlnctiv 
outlined than those in the spcctrujn of the purple dyes froii 
l-mcthylben/.otliia/.olo ethiodide; they are also more videlv 
separated and lie nearer to the red end of tlie spectrum; but in 
other respects the resemblance between the spectrograms h <0 
close as strongly to suggest a chemical relationship between the 
two dyes. 

E X P E R I 31 E N T A T.. 

The benzothiazole required for this investigation was prcparfcl 
by the method described by Mdhlaii {Ber,, 1888, 21, 50) of heiithicr 
dimcthylaniline with sulphur. The base was found to form I 
sparingly soluble nitrate, and tliis fact was used for its purification 
The crude base boiling between 200^ mid 200° was dissolver] h 
concentrated hvdrocliloric acid (1 c.c. for i gram of base) and to 
the cold solution was added a solution of ammonium nitrate 
(1 gram of salt for I'T grams of base) in a little more than 0'.‘) part 
of water. The liquiii set to a mass of crystals of benzothiazole 
nitrate. The salt i\hs collected, vrashed with a solution of aimno- 
nium nitrate, recrystallised if necessary from water, and decom- 
posed with sodium hydroxide. 

l-^Iethylbenzothiazoie was prepared by oxidising thioacctaiulidc 
with potassium ferricyanide (Jacobson, Ber., 1886, 19, 1072). The 
etiiiodides of these two bases ha\'e not lieen previously described. 

Benzothiazole ethiodide was prepared by heating a mixture of 
equimolecular quantities of benzol hiazole and ethyl iodide for 
twenty-four hours at 100°. The product, which formed a pair 
brown, viscous mass, was crystallised from alcohol. The quater- 
nary .salt was thus obtained in almost colourless prisms melting at 
138 — 130° (Found : I = 43‘5, requires I = 43'6 ])ercent.). 

1‘MefJiylbenzofhiazole Ethiodide. — A mixture of equimolecular 
quantities of 1-metliylbenzot In azole and ethyl iodide was lieated 
for forty hours at 100° and the resulting crystalline mass wa? 
recrystallised from alcohol. Tho ethiodide consists of stout, 
colourless needles melting at 100—102° (Found : I = 41-G. 
CiqHioNIS requires I = 41 ‘6 per cent,). 

Action of Pyridine on Mixtures of Benzothiazole Ethiodide 
and I- M ethylbenzothiazole Ethiodide. 

Benzothiazole ethiodide (12 grams) and 1 -methylbenzotliiazole 
ethiodide (16 grams) were dissolved in pyridine (100 c.c.) and the 
mixture was heated in the boiling 3vater-batl). A deep purplish- 
red colour rapidly developed, A*itcr heating for seven to eight 
hours and lea\-ing for twelve hours, the crystal lim' deposit was 



CYANINE DYES OF THE BENZOTHIAZOLE SERIES. 


461 


collected and digested with warm water to remove unchanged 
l.niethylbenzothiazoJe cthiodidc. The Tnixture of thiocyanine and 
carbothiocyanine remaining was separated by taking advantage 

tlie difference in density of the two compounds. On treating 
Avilh carbon tetrachloride, the steel-blue jn'isiiis of the carbothio- 
ovanine float, whilst the thiocyanine, wliich i.s coloured red by 
carbothiocyanine, sinks. The car})othiocyanine was thus easily 
obtained pure. The thiocyanine, on the other hand, contained 
much carbothiocyanine and was purified by extracting with succes- 
sive small quantities of boiling metliyl aleoiiol as long as these 
were deeply coloured and was then reerystallised from methyl 
alcohol, or from p 3 Tidine, until it gave a pure yellow solution. 

By precipitating the original pyridine mother-liquor with dilute 
Itydrochloric acid, in which a little potassium iodide had been dis- 
solved, a material consi.sling of carbothiocyanine contaminated 
with tarry matter was obtained. By washing this with ether, 
crvstallising from method alcohol, and floating on carbon tetra- 
chloride, an additional quantity of the pure dye can be isolated. 
The total yield of pure carbothiocyanine is usually 2— 2*5 grams 
and that of crude thioeymnine 4—5 grams. 

2 : 2'-Die.ihyUhiocyaniae Iodide * — This compound crystallises 
from methyl alcohol in bright yellow, prismatic needles, which 
melt and decompose at 311' (Foinrd : C — 19-20; H — 4-09; 
I _ 27-05. requires C 48-9 ; H = 4-10; J ^ 27-22 

per cent.). The yellow, alcoholic solution gives an ab.sorption 
spectrum consisting, in the visible region, of a pair of absorption 
bands, the heads of which lie at A 4230 and k 4000 approximately 
the former being considerably the stronger. 

An investigation of the semsitising action of this compound was 
kindly carried out in the laboratories of Mes.sr,s. Ilford, Limited. 
Mr. F. F. Benwick reports that it was found to be a very powerful 


* The numbering is in anoordanco with the following sciieine : — 
Tbiocyanincs : — 

it )c:CH-c: : 

\'A“/ 

XK N 


Carhothiocyaiiines ; — 


K X 


\/v/ 

NR 


;C:CHCH:CH-c: 


/\/\ 
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sensitiser for silver chloride emulsions, on which it confers 
nounced sensitiveness in the blue region of the spectrum, rising 
to a maximum lying between X 0*45 — 0‘46/.i and falling again to zero 
at A. O' 49/4, The normal sensitiveness of a silver chloride emulsion 
lies between X 0-30 and 0‘42;i.'' 

2 : 2'-Dkfh}jfairtjofhioc!/(rnim’ Iodide . — This compound crystallhe? 
in long prisms with a beautiful steel-blue bistre. It melts and deoo]]), 
poses at 209" (Found : C 01-22, 51-28 ; 11 4-24, 4'27 ; I ~ 25-s v 

C^iHgiX^IS^ requires 0 -- 51-19 ; H 4-30; I 25-8 per cent.) 

Miss I. E. Knaggs, working under the direction of Air. A. Hutelihi. 
son, kindly determined its crystallographic constants : 


Crystfi! -Monoctinic ; ('Inns — liololiotiral. 

Ratio of axes a :b :c 0'8209 : 1 : O'tlStiT 
A.xial angle (Lr ] ' 

Forms observed /i - {OlOj-, hi jllOl. 7 -• )0II| 


Table of angles : 

Xe. of 

ineastin'- 


Angle nieasiired, 

ri?:w-((n0):(110) 
Ui:m = (ll()):(llU) 
|5: 7 =(010): (Oil) 
l ?:} =(011):(0ll) 
( tn : ([ --(110) : (Oil) 
1 7:w = (011):{110) 

I 7: jh = (011);(I10) 
=(110); (Oil) 


cuts. 


Limit 

s. 


Ifi 

.-)3" 

loF-- 

.73= 

44' 

S 

72 

— 

73 

12 : 

20 

48 

20 " — 

48 

5o 

8 

82 

211 - - 

82 

40 

10 

48 

01 

48 

21 : 

10 

131 

4l' — 

132 

0 

0 

S3 

S — 

83 

22 

7 

90 

.32 -- 

90 

,73 


■Mean 

ob- 

Calcn- 


fi(‘i‘ve<}. 

lated. 


r>3= 31' 

* 


72 58 

72= 58' 

0' 

48 42 

* 


82 42 

82 30 

d' 

48 12 



131 49 

131 48 

r 

83 16 

83 12 

4' 

90 47 

90 46 

r 



t Mean of seven estimations. 
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exttMiding from the region of the natural sensitiveness of the plate 
to about A 6300, and thence diminishing gradually, to end for 
moderate exposures at about A 6600. 

Acfio)i of Pyridine on Mixtures of Benzothiazole Kthiodide 
and 1 : 5-Dmetkylbenzoihinzole Ethiodide. 

I : iiJJimdkylbenzotkinzok Ethiodide. — Kqui molecular quantities 
of etliyl iodide and 1 ; 5-dimethyl benzothiazole, prepared by 
oxidising thioaccto-^-toIuidide with potassium ferrioyanide (Jacob- 
,suii and Ney, Ber., 1889, 22, 907), were heated together at 100° 
for forty-eight hours. Tlie resulting crystalline mass, recrystallised 
from alcohol, gave tlie pure ethiodide in colourless ncedlc.s melting 
at 138° (Found : I = 39’7. requires I ^ 39-8 per cent.). 

Condensation -with Benzotkia?:ole Ethiodnde. — A mixture of 
houzothia'/ole ethiodide (12 grams) and 1 : 5-dimethyIbenzothiazolc 
ethiodide (16 grams) was dissolved in pyridine (100 c.c.) and heated 
at 100° for nine hours. After remaining for twelve hours in the 
cold, a little thiocyanine had crystallised. After collecting this, 
the filtrate was poured into water (GOO e.o.) and tlie mixture shaken 
with ether. The precipitate was collected, wa.shed with ether, 
digested with warm water, and then crystallised from methyl 
alcohol. The mixture of thiocyanine and carbothiocyanine thus 
obtained was separated by extracting the juore soluble carbothio- 
cyaniiie with successive small rpian titles of boiling chloroform until 
a pure yellow residue of thiocyanine \\'as obtained. From the 
deep purple chloroform extracts, after the addition of rather less 
than an equal volume of carbon tetrachloride, the carbothiocyanine 
crystallised in long prisms, which were accompanied by a few 
crystals of the thiocyanine. The pure carbothiocyanine could 
then be obtained from this mixture with the aid of carbon tetra- 
chloride, After agitation with tins substance, the large prisms 
of the carbothiocyanine rapidly rose to tlie surface, whilst the smaller 
crystals of the thioeyanim^ remained siis])ende(l and could be run 
off with the liquid. 

5(or o'yMeihyl-2 : 2'-diefhylthiocyanine Iodide. — For the examin- 
ation and analysis of this compound 1. am indebted to ]\Ir. W. T. Iv. 
Braunholtz. 

It was obtained as yellow needles melting and decomposing at 
(Found : C = 50-5 ; H == 4-34 ; I == 26-30. 
requires C ^ oO'O ; H = 4'37 ; I = 2(>4() per cent.). 

Ihe absorption spectrum of the alcoholic solution of this com- 
pound is very similar to that of 2 : 2'-dietlndthiocyanine iodide ; 
the heads of the two bands lie at about A 4270 and A 4000. 
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5 : b’-Bimdhil-^ : 2'-rfi>/A?//«n'6o//jioc/yfl?w??e Iodide. — This com. i 
pound crystallises from methyl alcohol, ethyl alcohol, pyridine I 
or chloroform in long prisms with a steel- blue lustre, melting ami 
decomposing at 285° (Found : C = 52’9r) ; FI = 4-04 ; I = i>4.25 
^''23^25^'2^’^2 rt-''Fdrcs C -- 53-06; H = 4-83; T — 244 per cent,). 

The absorption spectrum of the alcoholic solution shows a stront; 
band with a head at about 1 5630 and a weaker band with a hcarj 
at about I 5290. The sensitising effect on gclatino-broniide plates 
is similar to that of 2 : 2'-diethylcarbothiocyanine iodide. The 
band of sensitisation shows maxima at about X 5830 and X 5330. 

Synthesis of 2 : ^'^DieiJiylthiocyanine Iodide. 

Dihenzotlmzohjlmethane . — A mixture of o-aminophenyl mercaptan 
(30 grams) and ethyl malonate (19-2 grams) was heated in an atmo. | 
spliere of carbon dioxide, under a reilux condenser, for four hoiir.< 
at 200'^. Alcohol vapour was evolved and the residue crystallised 
on cooling. By recrystallisation from alcohol the compound 
was obtained in colourless needles melting at 95 — 96° (Found: 

0 - 63-97; H - 3-70. requires C - 63-78; H - 3-57 

per cent.), 

DihenzothiazoUflmeUiune Eihiodide . — Equimolecular proportions 
of dibenzothiazolylmethane and ethyl iodide were heated together 
for forty-eight hours at 100°. The yellow, crystalline mass of 
ethiodide thus obtained, recrystallised from methyl alcohol, gavo 
long, bright yellow needles melting at 245° (Found : I — 20-05. 
require.^ T - 29-0 per cent.). 

2-EthyIbenzothlazoteny(U:iizol.hiazolijlni('fJ(n)te.. • — T)i Ijcnzoth iazohi- 
methane ethiodide (0-S gram) was shaken for four hours with a 
10 per cent, solution of sodium hydroxide (30 c.c.) and ether 
(250 C.C.). The ether was removed and the shaking continuod 
for two hours with a fresh quantity (100 c.c.) of ether. On 
evaporation, the yclio-w, ethereal solution thus obtained gave a 
residue (0-52 gram) which soon crystallised. By recrystallisation 
from alcohol, this gave the pure base a.s compact, pale yellow 
crystal-s melting at 163° (Found : C = 66-14 ; H — 4-62 ; X = 9-l“. 
Ci 7 F[jiX 282 requires C — 65-82 ; H = 4-55 ; X 9-03 per cent.]. 

2 : 2' -Dkikylihiocyaniiie Iodide . — The abo^ e base was heated with 
excess of ethyl iodide for eighteen houns at 100°. The yellow, 
crystalline ethiodide thus formed, after recrystallisation from 
alcohol, was found to be identical with the thiocyanine formed 
by condensing benzotliiazole ethiodide with 1-methylbenzothiazole 
ethiodide (Found : I = 27-1. Calc., I ~ 27-3 per cent.). 51clting 
point, 310—311°. Melting point of the mixture with the con- 
densation product, 310 — 311°. 
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Si/ntkesis of 2 : 2'-Dimelhylthiocyanine Iodide, 

For the greater part of the experimental work involved in tins 
synthesis lam indebted to Mr. S. K. H. Edge. 

' l)ihinrMhiazolylmdiime There was some difficulty 

in obtaining this methiodido in the pure state, the earlier prepara- 
tions containing excess of the base. The base (3 grams} was 
therefore heated for forty-eight hours at with enough methyl 
iodide to di.ssolve it completely, and the yellow niethiodide which 
crvstallised from the solution was digested with acetone to remove 
the unconverted base. The methiodido was tlien heated for 
twenty hours at 50° with more methyl iodide and extracted with 
acetone. It cry.sialliscd from aqueous methyl alcohol in deep 
VL'llow needles which melted at 238° (Found: 1^30-7. 
requires I = 30-0 per cent.). 

— Dihenzotiiiazolyl- 

jnetlianc methiodide was shaken with excess of a concentrated 
solution of sodium hydroxide and ether (150 e.c. for each gram of 
niethiodide), After the deoompo.sition of the methiodide was 
complete the yelloAV, ethereal solution was separated and dried 
with sodium carbonate. The residue left after evaporation of the 
ether crystallised, and was recry, stallised from alcohol. The base 
was thus obtained in small, pale yellow prisms molting at 172° 
(Found : G = 64*77 ; H = 4-38. reijiiires C = 64‘Sl ; 

H }-t )8 jicr ccMit.}. 

2 : 2' -Dimeth yllh'iocyanine Iodide.— The above-described base was 
heated for twelve hour,s at 100° \\'ith exccs.s of methyl iodide. The 
crystalline product was washed with alcohol ami recrystallised 
from the same solvent and then from ^vater (Found : I — 28*92. 
C'lAIigXJSo requires I 28*96 per cent.). The substance was 
thus obtained in fine 3 ellow needles which melted and decomposed 
at 279—280°, 

The CoudiHsalioti of Bcnzothicnole niethiodide and 

l-JIeTujIbcnzothiazoh niethiodide by Pyridine. 

llcn/othiazole methiodide (20 grams) and 1 -mcthylbenzothiazole 
methiodide (20 grams) were dissolved in pvridine (125 e.c.) and 
tlie solution was boiled gently for six liours. Tlie li(juid graduall}* 
developed a deep magenta colour and yelhnv crystals separated. 
After remaining sixteen hours at the ordinary tem])erature, the 
dark red, crystaliinc deposit was collected and washed with ether 
ami then with a little hot water. To obtain the dimeth 34 thioc 3 'anine 
iodide fi'ee from the admixed carbothiocyanine, the product was 
extracted with successive small quantities of boiling alcohol until 
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most of the carbothiocyanine was removed. It was then extracted 
with a small quantity of boiling pyridine and finally recrystallised 
from water, when it Avas obtained as fine yellow needles mellinp 
and decomposing at 279 — 280° {Found : I = 28*82, 29 ‘00. Calc., 
I = 28*96 per cent.), A comparison of the compound obtained 
in this manner with that prepared synthetically from o-aminoplienyl 
mercaptan left no doubt as to the identity of the two substances. 
Both products, as well as the mixture of the two, behaved exactlv 
alike when gradually heated to their melting point, beginning to 
darken at about 1 60°, beginning to sinter at 275°, and melting and 
decomposing at 279 — 280°. .Dijiietliylthioeyanino chloride could 
be readily obtained from the mixed thiocyanine and carbotldo- 
cyanine iodides by dissolving in a mixture of alcohol and concen- 
trated hydrochloric acid. Beautiful rosettes of yello'w needles 
separated from the Avarm liquid. These were collected before 
the liquid Avas quite cold, and on recrystallisation from AAater 
gave pure 2 : 2'-dimethylthiocyanine chloride in bright yellow 
needles melting and decomposing at 269° (Found : Cl — 10'28, 
01.113,5X2^182 requires Cl — 10*23 per cent.). 

Univ£hsity Chemical Laeoratoey, 

Cambridge [deceived, February 2nd, 1922.] 


LY.—The Influence, of Protective Colloids on tk 
Corrosion of Metals and on the Velocity of Chemical 
and Physical Change. 

By John Albert Xewton Friend and Reece Henry Yallanci:. 

In a recent communication (T., 1921, 119, 932) attention auis 
directed to the retarding influence exerted by protective colloifh 
on the corrosion of iron. The interesting observation Avas also 
made that Avhen the various colloids are graded according to their 
poAvers of inhibiting corrosion, the order is alnio.st identical Avith 
that found by Iredale (T., 1921, 119, 109) for their retarding 
influence on the decomposition of liydrogen peroxide Avith colloidal 
platinum; and a relationship between thi.s and Zsigmondy's gold 
numbers for the coiloid.s can readily be traced, 

Although a coasidcrable amount of re.seaveh has been carried 
out on the inhibiting action of protective colloids on the rate of 
certain chemical changes taking place in the presence of suspenscid 
catalysts, notably colloidal platinum, but little attention has been 
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directed to their influence on the velocity of non -catalysed reac- 
tions. Tiie authors have therefore studied a considerable number 
of both chemical and physical changes from this point of view, 
and a few of their results, which may be regarded as typical, are 
described in the sequel. 

Corrosion of Ferrous and F on-ferrous Metals. 

Tn their fourtli report on the corrosion of non-ferrous metals, 
jirfsented in 1919 to the Institute of Metals {J. Inst. Metals, 1919, 
21, 57), Bengough and Hudson express the opinion that quanti- 
tativc determinations of corrosion by loss in weight are unsatis- 
factory, and refer to their table of results {loc. n7.,p. 63 ; and Friend’s 
criticism, p. 2‘2G). The present authors find that very useful 
information can be obtained in this manner provided that the 
nietats are exposed for a sullicient time to jdeld a much higher 
percentage loss than that recorded in tlie experiments referred to. 
This method, therefore, has been adopted in the sequel. 

The metals chosen were in the form of chemically pure foil, 
cut into plates approximately 4 X O'o sq. cm, in area. They 
were usually .suspended from glass liooks in gas jars containing 
150 c.c. of the eorroding medium and allowed to remain in a 
thermostat for about three weeks at approximately 18°. At the 
close of this period the plates W’ere removed, rubbed free from 
oxide, and weighed. The results obtained were as follow : 


Table I. 

Corrosion in pure aqueous emulsoid sols. 

tren. Zinc. Lead. 


Colloid. 

— 





^ 

0-2 Per cent. 

Loss in 

Mean 

Los.s in 

.Mean 

Loss in 

iVIean 

in distilled 

weight. 

relative 

weight. 

relative 

\\ eight. 

relative 

water. 

Graiii. 

corrosion. 

Gram. 

corrosion. 

Grain, 

corrosion. 

Water 

f 0-0582 
\ 0-0500 

100 

0-0297 

0-0294 

100 

0-1028 

0-1732 

100 


1 O-OOtiO 

112-4 

0-0330 

) '■’S-.S 

0-0088 

5-1 


t 0-UOtio 

0-0430 


0-0083 


Cum acacia 

f 0-0323 
\ 0-0347 

50-9 

0-0545 

0-0033 

199-0 

0-0268 

0-0379 

19-2 

Dextrin 

1 0-0355 

54-7 

0-0271 

();p9 

0-0007 

0-9 


t 0-0290 

0-02 S4 


0-0024 

titarch (Potato) .., 

f 0-0303 
\ 0-0339 

54-5 

0-021 0 
0-0214 

71-9 

0-01 09 
00149 

9-5 

Celatiii 

f 0-0200 

1 0-0222 

40-9 

0-0220 

0-0.331 

94-2 

0-0050 

0-0039 

2-6 

Tragacanth 

/ 0-0132 

1 0-0134 

22-0 

0-0090 

o-ooot; 

2(.>-4 

0-0038 

0-0027 

1-9 

Lgg-albimiiii 

( 0-0055 

0-8 

0-0102 

32-5 

0-0010 

0-6 

t 0-0025 


0-0090 

0-0009 



f 0-0005 
'I 0-0027 

2-7 

0-0000 

0-0000 

O'O 

0-0028 

0-0018 

1-4 
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Table II. 


Continuous phase — 3 per cent NaCl 



Iron. 

Zinc. 

Lead. 


Loss in 

Mean 

Loss in 

Mean 

Loss in 

^leaa 


weigln. 

relative 

weight. 

relative 

-weight. 

rclati\e 

Colloid, 

Grain, 

corrosion. 

Grain. 

corrosion. 

Gram, 

torrosion 


{ 0-0()o2 

100 

0-0402 

0-0r)3() 

100 

0-0648 

0-0605 

lOU 


\ 0-00150 

Agar (0-1%) 

i 0-0084 

13 

0-0000 


0-0055 


■ 1 - 

0-0110 

17 

0-0051 

8-0 

Agar (O'Ol^o) 

1 o-ui;30 

• t 0-0424 

65 

0-0347 

0-0102 

75 

0-0070 

11-2 

Gelatin {0-1%) 

1 0-0420 

1 0-0477 

69 

0-0337 

0-03(58 

71 

0-0075 

0-00(54 

iMi 

Gelatin (0-01%) ... 

(O-O.Ml 
( 0-0548 

85 

0-0458 

0-0159 

92 

0-0154 

0-0155 

2H 


Experiineuty ^\'ere alyo made aluniiiiium, but the rosuhs 
were irregular owing to fungoid growth in some of the solutioiis, 
Wlierc, however, the colloid remained unchajiged, there was a 
marked retardation apparent, as the following example shows: 


Colloid In 
3 por cent. XaCI 
solution. 


Nono 

Gelatin (0*1 °o) 


Aluraiiiluiii. 


Loss in weight. 
Gram. 

r 0-0028 

( 0-0013 
\ 0-0013 


Mean relative 
corrosion. 

100 

44-6 


ITom a consideration of the foregoing results it is evident that 
the corrosion of non-ferrous metals, as well as of iron, is retarded 
by the presence of protective colloids. This is a point of con- 
siderable dotneslie importance, since in culinary operations colloids 
are invariably produced. This is jirobably the explanation of the 
very marked resistance to corrosion offered by alumiriiinn pans. 
The behaviour of sucrose is intcre.sting, for in dilute solution it 
is not colloidal, although not widely removed from colloid dimen- 
sions. It show.s a pronounced accelerating action on the corrosion 
of iron (contrast T., 1021, 119, 932) and zinc, but a powerful 
retarding action on that of lead. The last metal is .seen to he 
particularly .susceptible to colloid retardation. 

It seemed probable that this wa.s due to adsorption. It is not 
easy to estimate quantitatively tlic minute amount of colloid that 
would be ad.sorbed b}" llie solid surfaces in the foregoing reactions, 
but it is reasonable to suppose that it would be an amount directly 
proportional to the retardation, Ilencc, writing the adsorption law as 
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\\licre K and n are constants, and C is the percentage conceii- 
iration of the colloid, the quotient ^ may he rendered in terms 

of percentage retardation. If the data arc plotted as shown in 
Fite 1, straight lines are obtained when the adsoi’ption law is 
followed. When the results given by Friend (loc. c'tL, p. 041) for 
tlic retarding action of various concentrations of agar and acacia 
on the corrosion of iron in water are plotted in this manner 
(Fig. 1), tlic curves are seen to approximate to straight lines, pro- 
vided that the colloids are not excessively dilute. At groat dilution 
the law is not followed either in corrosion experiments or in others 
(Ic.serihed below. 

Fig. 1. 



Log. concentration. 


Dis6olvtion- of Metals in Acids. 

Tl!(‘ elTect of various concentrations of different colloids on the 
rate of dissoliiiion of iron and zinc in dilute sulphuric acid has 
l)een e.xamiried, the mode of procedure being similar to that 
'le-scribed above. In the ca.se of zinc, the resuit.s obtained were 
extremely divergent owing to unequal “ pitting of the metal, 
but with iron no diifiouliy was experienced. Sheets of tlie metals 
were immersed in A .‘J-sulpiUuic acid for ten hours at about 18®. 
The results for iron are given in Table ill, and Aiow that the rate 
of dissolution is retarded by the colloids, whiFt a moleeulariy 
disperse substance like .sucrose has no decisive elfeet. When 
arranged according to retarding influence. Urn order of the colloids 
is again similar to that already mejilioned. 

It had already been noted by Friend and Bennett (this vol., 
p« 41) that protective colloids retarded the rate of solution of 
iron in acid, but no systematic study of tlie reaction had been 
made. A few experiments carried out by Mr. Trobridge ■\\dth iron 
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Table III. 


Coniltmms phase — N /2-H2SO4. 


Colloid. 

None 

Sucrose 

Gum acacia ... 

Dextrin 

Starch (Potato) 

Agar 

Egg-albiunin ... 
Gelatin 


Colloid Relative Colloid Relative Colloid Rclativ 
per cent, corrosion, per cent, corrosion, per cent, corrosiop. 


— 

100 

— 

100 



100 

O-Ol 

94-1 

— 

— 

0-2 

103-1 

,, 

85-3 

0-1 

52-4 


77-1 


71-4 


79-7 



,, 

71-3 


72-2 


78-4 

,, 

68-3 

,, 

59-9 

,, 

59-.5 


48-9 

„ 

59-3 


34-2 


42-0 


26-1 


ia-9 


immersed, in .,V‘h3'drochloric acid and various concentrations of 
gum acacia have }deldcd the following re.siiUs. 


Acacia per 

cent 0 0-001 0-01 0-05 O-IO 0-20 

Loss in weight 

of iron ... 0-03S4 0-0385 0-0227 0-0211 0-0152 0-0144 0-0112 

Retardation 

percent. — — 40-9 4,5-1 00-4 62-o 70-8 


Except in the case of the most dilute solution (O'OOI per cent.) 
these results obey the adsorption law 5vitlun the error of experiment, 
as shown in Fig. 1. 


Kate of Dissolution, of Salts in Water, 

The rate of .solution of salts in water has not in general been 
closely investigated, although it is well known that temjtcrature. 
hydration, and the magnitude of the solubility coeilicieiit are 
important factors. In order to determine what effect, if any, 
protective colloids exert on the rate of solution, potassium sulphate 
and chlorate 5vere chosen for several reasons, Not only can they 
readily be obtained in cry^stals of uniform size, but they are 
anhydrous, and dissolve 5vith relative slowness iii \^'ater at room 
temperature, Crystals, measuring approximately O’b era. arms 
were selected from samples of the commercially pure salts, and 
suitable weights (namely, K^SO^ S grams; KClOg 5 grams) wore 
placed in each of six small ])ott!es of about 70 c.c, capacity, together 
with 50 c.c. of the solvent. The bottles were attached to a hori- 
zontal bar, which was rotated at about 50 revolutions per minute 
round its long axis by means of an electric motor, in a large 
thermostat filled with water, At stated intervals different bottles 
were detached, in every case one bottle with water only as solvent 
being chosen to serve for comparison. The liquid contents were 
filtered through glass wool, collected in dishes, and evaporated to 
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drvness, tlie residue being dried at 130° in an electric oven. The 
weights of salt per 100 grams of water, as determined in this manner, 
are gi^^^ following table. 


Table IV. 







Percentage 




I’ereentago 



cone, of 




cone, of 



salt dis- 

Retar- 



salt dis- 


Colloid solved in 

dation 


Time in 

solved in 


per 

colloid 

per 

Salt. 

liiiniites. Temp, water only. 

Colloid. 

cent. 

solution. 

cent. 

K..SO 4 

10 

18-7" 7-462 

Agar 

0-02 

7-OOG 

4-9 


GO 

10-279 



10-095 

1-8 


240 

lO-SoT 



10-785 

0-6 



(Saturated) 





K.SO 4 

20 

10-") 7-620 

Egg-albumin 

0-10 

7-466 

2-02 




Gelatin 

,, 

7-.M)5 

1-51 




Gum acacia 


7-533 

M4 




Suc;ro.so 

- 

7-786 

-- 

KCIO 3 

10 

12-2 3-851 

Agar 

0-02 

3-630 

.5-58 


30 

12-2 5-318 


,, 

5-118 

3-76 


1440 

8-2 4-r)70 



4-591 





(Saturated) 





mo. 

V) 

9-1 4-002 

Agar 

0-03 

.3-935 

1-63 



3-997 


0-05 

3-943 

1-43 





0-10 

3-377 

15-6 





0-20 

3-332 

16-7 


The retardation in the rate of solution is very marked, and the 
order for the different colloids is substantially the .same as in the 
jjro’^'ious experiments. The retardation inerea.ses progressively 
with the colloid concentration, but if sullieient time be allowed, 
the same amount of salt will be di.ssolved eventually as if no colloid 
were pre.sent. The results do not appear to obey the adsorption 
law, but this may be due to “ salting out of the protective colloid. 

Xoyes and Whitney (Z. -physiM. Chem., 1S97, 23, 689) showed 
tfiat the rate of solution of a .solid in a solvent is a function of the 
rale of diftusioiij the film of liquid immediatel}^ in contact with 
the solid being a saturated solution which difiu.scs into the more 
dilute layers. The concentrations of the protective colloids in the 
present experiments, however, are too dilute to affect appreciably 
the rate of diffusion, and the cause of the reduced rate of solution 
thus appears to lie in some surface jfiienomerion. The influence 
of sugar is interesting, in tliat it accelerates the rate of solution 
just as it tends to accelerate the rate of corrosion of iron and zinc. 
The reason for this is not apparent. 

Xo experiment.s leave been carried out by the authors on the 
reverse change, namely, the rate of crystal lisation of substances 
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from solution. A few tests have been made on the rate of setting 
of plaster of Paris in the presence of varying concentrations (J 
agar. The results are shown in Fig. 2 and conform very 
to the requirements of the adsorption law. 

The Licsegang ring formation is apparently another illustration 
of the same plicnomenon. When the silver nitrate solution 
added to a slab of gelatin impregnated with dichromate, colloidal 
silver chromate can be seen ahead of the rapidly forming rhicrs 
the space between the snecessivo rings being determined Ijv 
the difference between tlie rates of diffusion and of precipitatioji 
in the gel. This explanation is much le.ss involved than that of 
]\rcGuigan {Science, 1921, 54, 78), and is not open to the same 
objections as 0.stwa]d’s thcor 3 ^ It receives further support from 
the observation of Svedberg {KoUoid Z,, 1909, 5, 318) that the 


Fig, 2. 



reduction of cbloroaurio acid in alkaline solution by hydrazine 
hydrochloride is retarded by gelatin. 

In conjunction with i\Ies.srs. T). W. Hammond, B.Sc., and 
J. S. Tidnins, l>.Se,, it has been found that protective culloidj; 
retard the precipitation of lead and copper by metallic iron from 
lead acetate and copper sulphate solutions; the same is true for 
metallic zinc in .solutions of lead and nickel salts, and in m\i 
case that has so far been investigated the results follow the 
adsorption law. It .sceins fairly clear, therefore, that protective 
colloids tend to retard the rate of coalescence of molecules, as well 
as the rate of dispersion of molecular aggregates. 

CJmnical llcaction-s not accompanied by Change of Slate. 

In 1891, Reformatsky {Z. physiJcal. C}ie?m., 1891, 7, 34) found 
that 1*25 per cent, agar solution had^no influence on the velocity 
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of the acid catalysis of methyl acetate. This, in view of the fore- 
rfoiog results, is to be expected, for if the phenomenon is purely 
one of adsorption, it follows that any retarding action exerted by 
lirotective colloids would be reduced to a minimum in such systems 
:is involve no change of state. The react i(jn between ammonium 
persulpiiate and potassium iodide Awas therefore studied in dilute 
.solution, in the presence of sodium thiosulphate to keo}) in solution 
the ioditie normally liberated by the interaction of the first tAvo 
salts. A trace of starch Avas added to indicate when the thio- 
sLilpliate had been used up. The solutions Averc made up as 
folloAV : 10 e.c. of 60 c,(‘. of ll^O or OT per cent, 

colloid; 20 e.c. of A'/20-Xa2S2O3 + a trace of .starch. To the 
above mixtures 10 c.c of A/2-potassiiim iodide solution Avere added 
and the times noted at which the Idue colour appeared. The 
results AAcre as folloAA' : 

Collokl.... None. -'gar. Acacia. Albumin, Uelatin. Sucrose. 

Time 33' 20" 35' 15" 32' 35" 33' 0" 32' 50" 31' 55" 

The experiments w\-vc tried in a variety of Avay.s, but always Avith 
the same type of re, suit. Whilst a slight rctardalion Ava.s apparent 
in the case of agar, it was A cry mucli smaller than that ob.served 
Avherc change of stale of one or more of the components Avas involved. 
The other colloids exerted an almost negligible clTect, Avhilst the 
>ucro.sc, as in certain of the corrosion and solubility experiments 
stimulated the action to a .slight extent. 


S i(.3penso i d Catalysts. 

Mention has already been made of the reduced calalvlit* activity 
of inorganic liydrosols in the presence of protective colloids. In 
the light of the preceding experiments it AA'ould apjjear that this 
is simply another manifestation of the same phenomenon. This 
h continued by the fact that if Grnlis results (Z. physikal. Chm., 
11U4, 88, 414), on the relative times required to decompose 50 per 
cent, of a hydrogen jieroxidc sohition in the pi’csence of varying 
quainities of gelatin arc calculated in term.s of adsorption, \ he 
data are seen (Tig. 2) to conform to the adsorption Uiaa'. 

Conclusion. 

1. It appeal's to be a general law that protective colloi^^ kmi to 
retard t,c veheity of such reactions, wheiher chemical or physical, 
w involve a change of state from solid to liquid, or vice versa, in one 
or more of the components. 
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2. This is due to adsorption, and in many cases the adsorpti^Q 
law is obeyed. 

3. The reduced catalytic activity of inorganic hydrosols in 
presence of protective colloids is due to the same phenomenon. 

4. The Liesegang phenomenon is attributable to the same cause 

Chemistry DErARTJiENX, 

Municipal Tjjchnical School, 

Birmingham. [Ucxdved, January IGf/}, ]()22] 


LV'i .— ReadioUiS of BeJbzanthrone. 

Hy Arthur George Perkin and George Douglas kSPEMKR, 

As is well known, when fused with alkali at a temperature ii]) to 
230^, benzantlirone gives a colouring matter known as viola nt hr one 
(III). 

Experiments carried out at a lower temperature (1.80— IhO-j 
and with a less concentrated alkali indicated that in these eircimi- 
stances benzanthrone is little attacked, whereas in the presence af 
an oxidising agent, a substance soluble in alkaline solution with a 
green fluorescence is produced in trifling amount. The jiresent 
work originated with this observation and the desire to aseertaiii 
the nature of this substance. After numerous experiments tlic 
following metliod for its preparation ^\’as adopted. 

Benzanthrone (2 grams), prepared in the paste form by solution 
in sulphuric acid and repreeipitation with water, was admixed with 
pota,ssiiim hydroxide (12 grams), watei’ (3 c.c.), and potassium 
chlorate {0*7 gram), and (he mixture heated in a closed metal itilie 
at 230—240” for three to four hours. When cold, the tiielt wai> 
mixed with water, and the product, which consisted of eolouriiikf 
matter suspended in a highly fluorescent liquid, was nearly neutralised 
with acid, well boiled, filtered, and extracted with very dilute 
potassium hydroxide .solution. The insoluble re.sidiie consisted 
mainly of violanthrone contain i]iated with a small amount of « 
compound sparingly soluble in benzene with a reddish-violel 
coloration. The combined alkaline filtrates, on acidificatitm. 
deposited a dull yellow, colloidal precipitate which, when collected 
and dried, amounted to O-o gram. 

This substance (Found : C — 82-52; H ~ 3-83 per cent.) lia<l 
all the properties of the hydroxyhenzanthrone obtained by theactiois 
of sulphuric acid and glycerol on 2-hydroxyanthraiiol (D.fl-h 
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187495; Perkin, T., 1920, 117, 698). Its identity with this com* 
puinicl was confirmed by the preparation of the acetyl derivative, 
ni.j). 200— 20r (Found: C = 79-64; H = 4-0 per cent.), the 
oxoniura sulphate (Found : C = o9‘04 ; H = 8 ‘37 per cent.), and 
a mixed melting-point determination of the acetyl derivative from 
l)oth products. In this communication, it is referred to as p- 
hvdroxybenzanthrone. Benzanthrone, as was perhaps to be 
expecled, exudently behaves towards alkali like anthraquinone 
itself, wJiich, as is well known (D.R.-P. 186526), yields alizarin on 
fusion with sodium hydroxide in the presence of sodium chlorate; 
this ohauge is explained by Bucher or a.s due to quinonoid addition 
(■‘behrbucli der Farbenchcmic,’’ 1914, p. 328). 

In the case of benzanthrone, the reaction does not proceed further 
than the formation of one hydroxyl group, a fact diificuit to under- 
stand if this group is in the 7-position (Tl), as was previously 
siigsjesled by analogy with benzalizarin (I). 



0I-) (III.) (IV.) 


Such a difference in behaviour would be moj'e readily accounted 
for if the hydroxvi group were situated in the position 2 (III). 
In support of this suggestion is the extreme stability of this hydroxy- 
benzanthrorie towards fused alkali, even at as high^ a temperature as 
240-250", for ex(K‘rinient showed that after treatment in this 
manner the great Inilk may be recovered unchauged. As benzan- 
throne in these circumstances yields violanthrone (R^), it would 
seem likely that 7-hydj’ox\’i.)enzaiithronc under the same conditions 
would be converted into 7 : 7'-dihydroxyviolauthrone, That this is 
not the case is again readily understood it the hydroxyl group in 
tiri hydroxybenzanthrone is in ]X)sitioii 2. With the object of 
ctciniining the position of the hydroxyl group in benzalizarin, the 
process of methylation was adopted [loc, cit.), and it was evidentfrom 
the ready production of the dimethyl ether tiiat a hydroxyl group 
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in the ortho-position to the carbonyl group could not be present, 
benzalizarin must therefore be tlie 7 : S-dibydroxy-dorivative 
As suggested above, it now appeared to be doubtful if the positioji 
of the hydroxyl group in liydroxybenzanthroncs prepared froci 
hydroxyanlhraquiiioncs by means of sulphuric acid and glycerol 
can be deduced by analogy from those present in benzalizarin (/or 
ciL), and in order, if possible, to decide this point, a study of the 
hydroxy benzanthrone derived from l-hydi’oxyarithraquinone ha> 
now been carried out. 

In order to obtain this substance, 1 -hydroxyanthrafininont. 
prepared from sodiinu anthra(iuinoiie-l -srilphonate, was heated w'wh 
glycerol and sulphuric acid in the presence of aniline sulphatf 
(D.R.-P. 187490). A concentrated alcoholic extract of the dark 
green, amorphous product was poured into much ether, the tarry 
deposit removed, the solution well washed witli water and evaporated, 
The granular residue was crystallised twice from pyi'idlne, which 
removed a red impurity, and finally from acetic acid. The yield 
of the pure compound was approximately 25 per cent. (Found: 
C -- 82*95; R -- 4 * 10 . requires C 82*93 ; H 4‘ifi 

per cent.). This substance, here referred to as a-liydroxybonMu. 
throne, consists of long, sillyy, yellow needles, imp. 178— Rlfi 
soluble in sulplnn-ic acid Avitli an intense green jliioresccure. Iti^ 
insoluble in solut ions of the alkali hydroxides and amraotiia in the 
cold, but sliglitiy soluble on boiling; with alcoholic pota^dlll]l 
hydroxide, it gives a 3 ’ellow potassium salt, and addition of sulphuric 
acid to its solution in boiling acetic acid causes the depositioti, (.m 
cooling, of an oxoiiium sulphate in red needles. 44iis, owing loin 
unstable cliaracter, was not analysed. In order to methvlair 
oc-liydroxybenzaut hrone, to this substance (3 grams), in boife 
methyl alcohol (00 c.c.) containing a large quantity of mc4yl 
iodide (37 c.c.), potassium hydroxide (15 grams) dissolved in methyl 
alcohol (75 e.e.) was added drijp by drop during tw*o days. Th 
product, after remcnal of methyl iodide and concentration, 
poured into ether, the ethereal solution w’ashed with water, and then 
treated with a little alcoliohc potassium hydroxide, The precipilatf. 
w'hich was formed in considerable amount, proved to consist of 
potassium 7 .-hydroxybenzantliron(\ The filtrate was washed with 
water and evaporated to dryness, and the viscid residue dis-sohed 
in a little alcohol, On cooling, yellow- needles separated, \diid 
melted at 177—179' and again consisted of unaitacked a-hydrosy* 
benzantbronc. From the :in other- liquor no crystalline product 
could be isolated. . 

The result of this experiment, *in which such large amount 0 ^ 
both potassium hydroxide and methyl iodide were employed, makes 
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jt evident that the hydroxyl group in a-hydroxybenzanthrone is 
resistant to methylation, and cannot therefore he in the position 8. 

Kthylation by the same method was now studied, employing 2 
erams of a-hydroxybenzanthrone, 60 c.c. of alcohol, 25 c.c. of ethyl 
iodide, and 5 grams of potassium hydroxide in 25 c.c. of alcohol. 
The product, after concentration, was poured into ether, the ethereal 
.solution washed, and then treated with a little alcoholic potassium 
liydroxide, \s'hieh caused the production of a voluminous yellow 
precipitate of potassium a-hydroxybcnzanthrone. The ethereal 
iiltratc, after washing with water, gave a viscid residue, from which 
yellow needles in small amount separated on keeping. These were 
purilied by recrystallisation from alcohol and weighed 0-4 gram 
(Found; C 8347 ; 11- 549; EtO - 16-31. C^^H/J-OEt 

requires C= 83-21; H - 5-11 ; EtO — 16-42 per cent.). The 
residue from the Zeisel determination was found to consist of 
a-hydroxybenzanthrone. 

The eihoxybmzanthrone thus obtained consisted of pale yellow 
iiccdlcs which melted at 125—120" and dissolved in sulpliuric acid 
t[) form a green, fluorescent solution. It is clear that a-hydroxy- 
beiizanthrone is ethylated only with difllculty under these conditions 


but tJie fact t]]al it yields an etliyl dei-ivative more readily than a 
methyl derivative is in liarmony with the ])rcvioiis experience of 
compounds of this character (T., 1911, 100. 1721). a-Ethoxybenz- 
anthrone resembles the rMnethoxy-derivative previously dei-ribed 
[loc. Cih, p. 298) in yielding oxonium derivatives. Thus 0-5 gram in 
JO c.c. of ac-ctic acid gave with 0-5 gram of anhydrous ferric chloride 
an immediate precipitate of dark red needles of the Jerridihridc. 
'Ihese were washed with glacial acetic acid and dried. In the 
presence of water they are readily decomposed, and this method wa.s 
employed for their analysis (Found': (’ ^ . 57-91 • Fe ^ 

H-59; 0 = 29-81. FeCl, requires = 57-95 ; 

le = 11*80; Cl = 30-05 pier cent.). 


With fuming stannic chloride in the presence of acetic acid, 
-/-cthoxybenzanthrorn^ gives at first a dark red solution possessing 
a green fluore.sccncc, and from Ibis bright red needles of the 
■'^ianntchhrkh almost immediately separate [Found: C<H 0, = 
he.)9. (CiJIi^O.looSnCl^ re(|uires = 67-73 per c4ntV 


Ox i da t i 0)1 of [3 - J / (-iJi QXjjljc a :a n th ro i/ r . 

It has been previously shou n (T., 1920, 117, 698) that 3.methoxv- 
wnzanthrone, obtained l)y tlu' methylation of 3-hydroxyI)eiizan- 
ime, when oxidised with ehromic acid, yields a crystalline acid in 
suspected to consist of a methoxyanthra- 



478 


PERKIN AND SPENCER : 


quinone-a-carboxylic acid. As it was now of some importanco to 
be certain that this was the case, the decomposition was again 
studied, employing 1 gram of fi-methoxybenzanthrone, U> c.e, 
acetic acid, and 1 gram of chromic acid in 2 c.c. of 50 per cent 
acetic acid. When effervescence had ceased, hot water was addc(i 
and after keeping over-night the semi-crystalline precipitate was 
collected. This was dissolved in hot dilute ammonia, filtered, tb 
orange liquid acidified, and the crystals which separated on cooliiw 
were again submitted to the same treatment, the aranioniaeal 
liquid previous to acidification being, however, digested witli a little 
animal charcoal. 

The colourless needles thus obtained melted at 276 — 277' and 
weighed 0-1 gram (Found : C = 07-97 ; H 3-48, 
requires 0 = 68-08 ; H " 3-r)4 per cent.). 

There could be little doubt, therefore, that this compound wa.s a 
{i-methoxyanthraquinonccarboxylic acid, and this was confirmed 
by the fact that it was found to be identical with the acid (Vi 


CO CO 2 H 

/\ 
i i 


fill 

\/\/\/ 

1 1 1 [ 

CO 

CO OH 

(V.) 

(Vl.) 


which has been obtained b}- Bradshaw and Perkin in another wav. 
An account of this will shortly be laid before the Society. 

There seems to be little doubt, therefore, as was suggested earlier 
in this paper, that the fj-hydroxyhenzanthrone which is formed 
either by the fusion of [)enzanthr[)ne with alkali and an oxidising 
agent, or from 2-hydr'oxyanthranol, glycerol, and sulphuric acid, 
is the 2-hydroxy-cotnpoiin(l (Ifl). 

Moreover, it is clear, from the })eha\'iour of -x- hydroxy bciizaii- 
throne when submitted to metliylation, that this substance 
contain the hydroxyl group in the position 4 or 5 adjacent to tb 
carbonyl group, and of these, position 4 appears to be preferable 
(VI) on account of the lliioresrnuice which the substance exhibit? in 
sulphuric acid solution. 

The suggestion made in the previous commiijiication {loi\ fit.)- 
that the position of the hyrlroxyl groups in hydroxybenzanthrone^ 
prepared from hydroxyanthraquinomts l)y meajis of glycerol and 
sulphuric acid might be inferred i)y reference to the constitution 
of benzalizarin, is accordingly untenable, and it is evident thattb 
constitution of the hydroxybenzanthroncs obtained from mono- or 
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(li h'-droxyanthraqiiinones which contain free a-positions in the 
hvdroxylatcd ring can only be determined by experiment. 

Interesting in this connexion would be the dihydroxybenzanthronc 
derived from piirpuroxanthin (1 : 3-dihydi’oxyanthraquinone), but, 
unfortunately, although numerous attempts to prepare this compound 
have been made using the ordinary conditions, only mere traces 
have been obtained. The main product has hitherto consisted of 
an oelire-vellow, amorphons compound, which certainly is not the 
dedrcfl dihydroxy-derivative . Further experiments with regard to 
this reaction are, however, still in progress. 


p, [jiiproved Method fo?- the Preparation of 'I-Hiidroxi/henzanthronc. 

During some more recent experiments on the preparation of 
•i.hydroxybenzanthrone from bcnzanthrf)no, fused alkali, and 
potassium chlorate, it was observed that when the bonzan throne 
employed contained anthraquinone as impurity, the yield of the 
hvdroxy-corapoiind was substantially increased. As the result of 
fiirther investigation, it has been ascertained that if a considerable 
amount of anthraquinone is present in the fusion mixture, an almost 
quantitative conversion of benzanthroiie into the hydroxy- 
compound can be effected. 

As an example of this method, a mixture of benzanthroiie (50 
grams), 94 per cent, anthraquinone (50 gram,s), alkali hydroxide 
(1100 grams), potassium chlorate (35 grams), and water (75 c.c.) 
wa.s heated at 250° * in an oil-jacketed autoclave provided with a 
stirrer during one and a half hours, and then at 250 — 265° * during 
three hours. The melt, wlien cold, was diluted with boiling ivater, 
ifliered, and the insoluble residue extracted with boiling water until 
nothing more dissolved. The highly fluorescent filtrate, on neutrali- 
sation with acid, deposited yellow^ flocks of 2 - hydro xy ben z a nth rone, 
which, when collected and dried, weighed, on the average, 40*5 grams, 
equivalent to 86 per cent, of the theoretical amount. By acetyl- 
ation, the product yielded yellow needles melting at 200 — 201°, 
identical with the 2-acctoxybenzanthrone previously described 
(Found; C = 79*00; H — 4T5 per cent.). The re.sidue insoluble 
in alkali (approximately 37 gi’am.s) t 'vas of a grey colour and con- 
sisted of anthraquinone mixed with a little unattacked benzanthrone. 
It could be employed in a second operation, or the anthraquinone 
could be recovered by sublimation. As was to be anticipated, some 
destruction of the anthraquinone occurs duiung the fusion process, 
and this is shown by the presence of phthalic acid, which could be 

t Tins amount was variable. 

s2 


* Temperature of the oil jacket. 
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extracted by means of ether from the acid filtrate from the precipi. 
tated hydroxybenzanthrone. The anthraquinone in this 
process is evidently the main oxidising agent and may act also as a 
carrier of oxygen between the chlorate and the benzanthrone 
although it is somewhat remarkable that good results have hitherto 
only been obtained by employing it in large amount. It is interest, 
ing to observe that in the absence of the chlorate, anthraquinone 
itself can be employed as tiie oxidising agent, but the yield of 
2-hydroxybenzanthrone is then by no means so satisfactory as when 
the chlorate is also present. The hydroxybenzanthrone 
produced is much purer than that obtained from 2 - hydroxy ant hranol 
by means of glycerol and sulpluiric acid, and owing to the readiness 
with which it can be prepared in a state of purity by this method a 
study of its derivatives will Ilo^v' be undertaken. 


'2 - A m inobenzanf krone, / NH 2 . 

\/\/\/ 

CO 

I'liis substance can be readily obtained by heating il-hydroyv- 
benzanthrone with strong ammonia under pressure.* A mixture of 
2-hydroxyhenzanthrone (25 parts) and ammonia {d 0‘880; aOu 
parts) was heated in an oik jacketed autoclave gradually to 'iAr 
and maintained at from 220—230" (temperature of the oil-jacket! 
for seven hours. When cold, the product, diluted with water, was 
filtered, and unchanged 2-hydroxybenzanthrone present in the 
filtrate as ammoniun salt was recovered by acidification. The 
dull red crystals of the amino benzanthrone remaining on the 
filter were collected, washed ^vith dilute alkali, and purified Ity 
crystallisation from alcohol (Found: C = 83'04; 

K — 5’55. requires C ^ 83-20; H = 4‘50; 

per cent.). Thus obtained, it consisted of bright red needles meltiiic 
at 223—224", which dissolve in alcohol with the formation of an 
intensely fluorescent solution. 

By acetylation in the usual manner, an acetyl derivative 
obtained, and this crystallised from acetic anhydride in yellow 
needles melting at 264—205" (Found : N = 5*08, 
requires X = 4-88 per cent.}, 

The benzoyl derivative was readily produced by heating amino- 
benzanthrone with 5 parts of benzoic anhydride at 180" for one 

* These processes for ihe preparation of 2 -hydroxybenzanthrone aEii 
2-aiiiinobenzanthrone have been protected by a provisional patent. 
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hour. By crystallisation from alcohol, it was obtained as pale 
yellow needles melting at 238—230“ (Found : C = 82 38 ; H = 
443 ; N = 4-22. C24Hi502N requires C = 82'o2 ; H = 4-30 ; 
X - 4-01 per cent.). 

The re-conversion of the amino- derivative into the (3-hydroxy- 
cornpound was carried out under the following conditions. 

Crude aminobenzanthrone (2 grams) in 15 c.c. of sulphuric acid 
wa.s cooled to 0“, and 1 gram of sodium nitrite added, with stirring. 
After one hour, the product was poured into water and the solution 
hoiled, when dull yellow flocks separated. These were collected, 
rxtra{‘lcd with dilute ammonia, the extract was acidified, and the 
precipitate collected and dissolved in a minimum of alcohol. The 
[solution, when diluted with much ether, depo.sited an amorphous 
ijnj^urity, and the clear liquid, on evaporation, now yielded a bright 
vt'ilow residue, 

liiis substance, which dissolved in dilute alkali, forming a green 
fldoresccnt, yellow^ solution, appeared to consist of 2-hydroxy- 
!)enzant krone, and this was rendered certain by the preparation of 
it.s acetyl derivative, which wa.s obtained as yellow' needles melting 
at 199—200“. 

Acetylamiiiobenzantlirone (1 gram in 15 c.c. of acetic acid) was 
readily oxidi.sed by the addition of To granus of chromic acid in 
.')0 per cent, acetic acid solution. The liquid was cooled, allowed to 
stand over-night, diluted with water, and the brown precipitate was 
eolleeted. This, on extraction w ith boiling dilute ammonia, gave at 
first a deep blue .solution, which, on treatment with animal charcoal, 
became pale orange. Addition of hydrochloric acid cau.sed the 
rleposilioii of crystals, which, after re-soUition in ammonia and 
suttsefpicnt acidification, consisted of salmon-pink needles, m, p. 
2,50-252“ (Found : X ^ 5 46. requires X - 5*24 per 

cfat.}. The yield of this compound, which may consist of 2-amino- 
aathraquinone-1 -carboxylic acid, ha.s hitherto been too small to 
permit of its satisfactory examination, but experiments are in 
piogress with the hope of preparing it in a more economical manner. 

No description of 2-amino benzanthrone could be found in the 
patent literature available, but in a footnote to the paper by Bally 
and Scholl on benzanthrone [Ber., 1911, 44, 1658) it is stated that, 
according to a patent application (French Pat. 23880 of 1908), 
--aminobenzanthrone is produced by heating 2-araiiioanthranol, 
glycerol, and sulphuric acid (82 per cent.). 

^ As there was no means of ascertaining if the product thus obtained 

1 critical with that produced from 2-hydroxy benzanthrone by 
means of ammonia otherwise than by experiment, 2 grams of 
--aminoanthranol (from 2-aminoanthraquinoiie, aluminium powder, 
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and sulphuric acid) in 50 grams of sulphuric acid (62'^ Be.) 
heated gradually to 120° and subsequently at 128°. The 
on dilution with water, deposited orange -red flocks, which ^verg 
collected, dried, and extracted with alcohol. The concentrated 
extract w’as poured into ether, causing the precipitation of a resinous 
impurity, a further amount being deposited by w'ashing the etliereal 
solution with water. On evaporation of the ethereal solution, a red 
powder was obtained, which crystallised from alcohol in needles; 
melting at 223—224° and gave an acetyl derivative melting at 
264 — 265°. As the result of mixed melting-point determination.;; 
these substances proved to be identical wdth the 2 -aminobenzan throne 
and 2-acetylaminobenzanthrone described above. 

A further study of these compounds is in progress. 

We are indebted to Mrs. Metcalfe {nee Pauline O’Neill) for help 
in the earlier experiments described in this paper, and to the British 
Dyestuffs Corporation, Ltd., for many facilities in carrying out this 
w'ork. 

Clothworxers’ Research Laboratory, 

Dyking Department, 

The University, Leeds. [Received, Febmary 


LyiL—Organo-derivatives of Thallium. Part ]\ 
The Preparation of Thallium Diaryl Salts, 

By Archibald Edwux Goddard and Dorothy Goddard. 

In Part III of this w’ork it w’as showm that mercury diaryls and 
aromatic bismutliines of the type R 3 Bi could be used in the prepara- 
tion of thallium diaryl haloids. It was pointed out that lead 
triethyl chloride, w’hen treated with thallic chloride in dry ether, 
gave rise to lead diethyl chloride and thallous chloride. By sub- 
stituting lead tetraethyl for lead triethyl chloride, the authoi!: 
now^ find that the same products result and the reaction is therefore 
represented by the equation ; 

(1) ELPb + Tia = ELPbCE + Et;riCl. 

(2) Et/nci = TICI + C4H10. 

Although thallium diethyl chloride is very stable under ordinary 
conditions, the above equations ' are, according to the products 
obtained, the only ones which represent the reactions. Moreover- 
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it has been very noticeable so far that reactions carried out 
beturen lead alkyl compounds and thallic chloride always lead 
to the production of thalloiis chloride; this must be duo in some 
^vav to the ])resence of lead. This reaction is comparable with the 
action of thallic chloride on tin tetraethyl, for although the presence 
of tin diethyl chloride, thallium diethyl chloride, and thallou.s 
fhinride was shown, prolonged boiling of the mixture with water 
tended towards the production of more thallous chloride and the 
disappearance of thallium diethyl chloride. Gruttner and Krause 
(5f r.. 1916, 49, 1125) prepared lead methyl trietliyl in f)0 per cent, 
viold by the action of magnesium inothyl chloride on lead triethyl 
bromide. 

Using magnesium metliyl iodide, we now find that the yield i.s 
almost fhe same, and the boiling point recorded by the previous 
iTivestigaiors (70 70-5"/16 mm.) has been confirmed. Lead methyl 
triethyi reacts with thallic chloride according to the equation : 
EtaPbMe TlCl^ — EtgPbCT + TICl + MeCl. This agrees with 
Gruttner and Krause's observation that the lead compound, when 
trealed with halogen, splits off the methyl group, giving lead 
triethyi haloid. It has already been shown that lead tetraphenyl 
reacts with thallic chloride, producing lead diphenyl chloride and 
thallium diphenyl ohloridc, and this reaction ha.s now been extended 
to mixed lead tetra-aryls and arylalkyls. Lead diphenyl diethyl 
(Moller and Pfeiffer, Ber., 1916, 49, 2441) was stated partly to 
decompose on distillation. Wo have confirmed this statement and 
the product now used distilled at 182''/T6 mm. The above 
investigators pointed out that this compound, when treated with 
hydrogen chloride, gives rise to lead diethyl chloride, and this 
observation now receives support from the action of thallic chloride, 
which yields lead diethyl chloride and thallium diphenyl chloride. 
Lead diphenyl di-x-naphthyl, m. p. 197^ (Krause and Schmitz, 
Ber., 1919, 52, 2150), was prepared with the object of finding 

which groiifis the thallium ^vould split off, and it was again observed 
to be the heavier one.s, the products of reaction being lead diphenyl 
chloride and thallium di-x*na]jhthyl chlorid(\ I he general equa- 
tion for these reactions appears to he RLPbR 2 + TICI 3 = R'aPbClg-r 
R^TICI, where R' is tlie smaller groiij). 

Since bismuth triaryls give thallium diaryl compounds, and 
triphenylstibine yields trijjheriylstihine dichloride, the organo- 
derivatives of the other metals of group V of the type of R 3 M have 
been studied in their remdions towards thallic chloride. Triphcnyl- 
phosphine (Pfeiffer, Bcr., 1904, 37, 4G20) yields tliailous chloride 

and unchanged phosphinC; this change probably taking place in 
two stages ; , l j ^ i 
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(!) PhgP + Tici,^ - PhgPCl, + TlCl. 

(2) PhgPC], - Ph,P + Cl. 

This view is substantiated by the fact that triphenylphosphiDc 
dichloride has never been isolated, the syrup obtained by direct 
chlorination of triphenylpliosphinc yielding chlorobenzene and 
diphenylphosphine chloride on distillation. With triplicnylarsin,. 
in the cold, the products arc th aliens chloride and traces of phonvl. 
arsenious dichloride, and in the hot, t hallows chloride, thalliili,] 
diplicnyl cliloridc, and triplimylarsinc dichloridc. 

l-Acctoxymercui'i-p-naplithoI {Pamherger, Ber.^ 1S9S, 31 , 
reacts with thallic chloride to yield thallous and nuTcurous chlorides 
the naphthalene nucleus being completely disrupted. 

Hitherto no salts of thallium diaryl compounds have bc^n made 
and the authors iind that they arc much more difficult to obtaij, 
than the corresponding aliphatic derivatives. The thallium dialkv] 
hydroxides are prepared by the action of moist silver oxide onihf: 
haloid compounds, lint by using a large excess of alcoholic pota.sli 
and thallium dipfienyl chloride, Uialliunt diphmyl oitide, and luit 
the hydroxide, is formed. This behaviour is analogous to the forma- 
tion of di phony larsenious oxide from the corresponding cliloridc. 
It appear.^ to be more .solulde in organic solvents than lead dipheiivl 
oxide, and it is'decidedly basic in character, rcvadily combining witii 
nitrophenols, nitrocrcsols, nitroso-compounds, and oximes; llie 
substances tluis fornu’d art' at present under investigation. Bv 
dissolving this oxide in glacial acetic acid, tliallivm diph:)\]jl unMh 
was isolated. ThaUlnm diphind nilrafc was formed by the inter- 
action of silver nitrate aiid tlialliiim diphenyl bromide in xylene, 
prolonged boiling lieing required to obtain a good yield. Tb' 
nitrite, chromate, and pijropho.sphaie wre obtained in a similar 
manner. The nitrite and nitrate ari'_^ more insoluble than the 
corresponding alkyl compounds, and the chromate is not so 
intensely coloured, neither is it as explosive (Goddard, T., 1!):’L 
119 , G72). The nitrate and acetate do not contain water oi 
crystallisation, as is the case with the analogous lead dipliemf 
compounds (Polis, Ber., 1887, 20, 716, 3331), and tli allium diphenyl 
acetate has a much higher melting point than the corresponding 
derivative of lead, 

The method of estimation of Hie thallium in organo-derivativej 
is now appended and also a means of analy.'-fs of lialogen in organo- 
derivatives of thallium, lead alkyl lialoids, and mercury derivatives, 
which is a modification of the Garius method and more rapid!} 
carried out. 
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Experimental. 

AcUor of Thallic Chloride on Lead Teiraethjl. 

To a solution of 1'05 grams of load tetraethyl in dry ether, l-o 
grains of thallic chloride in the same solvent were added, when a 
white, amorphous precipitate immediately appeared. Having been 
relhixed for twenty minutes, the mixture, on filtration, yielded 
O-Oo gram of thallous chloride. Evaporation of the ether gave 1-0 
pram of yellow needles, identified as lead diethyl chloride. 

Action of Thallic Chloride on Lead Methyl Trieihyl. 

To a solution of 1-00 grams of thallic chloride in 2-7 c.c. of dry 
ether, 1;09 grams of lead methyl tri ethyl were added, A white 
precipitate appeared, and after boiling for thirty minutes the whole 
was allowed to stand over-jiiglit and was then filtered liot. The 
reddue (0-84 gram) was thallous chloride, and the filtrate on 
evaporation gave 1'2 grams of long needles, identified as lead trinthy] 
chloride (Found: Cl — ll-lo. Calc,, Cl -- 1T09 per cent.). 

Action of Thallic Chloride on Lead JJipInnyl Diethyl. 

To 2*2 grams of lead dipiienyl dietlnd (prepared by the action of 
luagnesiuin ethyl bromide on lead diphenyl Itromide) in 20 e.e. of 
ether, 1-6 grams of thallic chloride in 4-5 c.c. of the same solvent 
were added. A bulky, white solid .sepai-ated immediately, and after 
one and a half hours the wliole was iiltcred. The residue was 
heated under rellu.x with alcohol and filtered hot, when 1-9 grams 
of solid, which was found to be thaiJium diphenid chloride, were 
obtained (Found; Cl - 9-01. Calc., Cl =- 9-bl per cent.). 
Evaporation of the alcoholic filtrate yicldcal O' .lb gram of lead 
diethyl chloride (Found : Cl ^ 21 -TS. Calc., Cl ^ 21-09 per cent.). 

-Icbo/r of Ihallic Chloride, ou Lead Diphenyl Di -v.- naphthyl, 

lo a mixture cf 1-3 grams of Jvad diphenyl di-a-naphtlivl and 
gram of tiialJic chloride in 1-7 c,c, of dry ether, 10 c.c. of ether 
were added, and tlic whole was heated under rchiix for half an 
l‘^Hir, and then kept for sixteen liours. The residue. 1-0 grams, 
after filtering was organic, and contained lead and tliallium. It 
v\as e.xtraeted with UlO c.c. of (ddoroform, tin? solution on evapora- 
tion yielding 1-0 gram of a crystalline po^\-d('!' (Found : f'l = 7-3{). 
^oHuCrn requires Cl - 7-39 per cent,). The residue from the 
ciiloruform extraction was found still to be a mixtuiv of tliallium 
u-a-naphthyl chloride and lead di]ihen}4 chloride, for bv adding 

S* 
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it to boiling concentrated nitric acid the thallium compound 
entirely destroyed and, on cooling, crystals of lead diphenyl uitrat^, 
separated. 

Aciwn of Thullk Chloride on Triphenylphosphine. 

A mixture of 1*0 gram of triphenylphosphine and 1-2 grams of 
thallic chloride in 3 c.c. of dry ether was heated on the \vaterd)adj 
for one hour, then 30 c.c. of benzene were added, and the heatino 
was resumed for a similar period. After filtering, a residue of (i-x 
gram of thalloiis chloride was obtained, and evaporation of tW 
benzene filtrate yielded 0*8 gram of tri})henylphosphine (m. p. 7 sj | 

Action of Thallic Chloride on Tripheni/larsine. 

In. the Cold. — To 6-0 grams of triphenylarsine in 30 c.c. of drv 
ether 6*2 grams of thallic chloride in the same solvent were added, 
T'he mixture was well shaken and kept over-night, when a white, 
amorphous solid separated which, on filtration, was found to be 
thallous chloride (]•() gram). Evaporation of the ethereal tiltrate 
caused the separation of a further 0-2 gram of thallous chloride, 
and a \'iscous, fuming solid remained, from which 5*0 grams ii! 
triphenylarsine were recovered {m. ]). d7‘) : the fumes denoted the 
presence of phen 3 darsenious dichloride. 

In the Hot. — In this case no phenylarsenious dichioridc was 
isolated, but triphenylarsine dichloride, sintering at loH'' and 
melting at 204'’, and in addition thallous chloride and tlialliuni 
diphenyl chloride, together with unchanged tripheiiylarsiru'. 

Action of Thallic Chloride o)i \^Acefo.r>pnercuri-{i-naphthol 

To 2-0 grams of the mercury compound 3 '88 grams of thallic 
chloride in 6-4 c.c. of ether were added with shaking, 'riu* mixture 
soon darkened, T wen tv c.c. of ether were added, and the whole 
was heated on the water- bath for fifteen minutes and kept over- 
night. After filtering, the residue {2'12 grams) consisted of thalloii.^ 
and mercurous chloride.s, and evaporation of the llltratc yielded 
1'9 grams of tarry product. The latter contained traces of thallic 
chloride and acetic acid, but neither the tar itself nor alcoholic 
extractions of it would couple with diazotised aniline solutiou, andit 
was concluded that complete disruption of the na])hthalrne ring had 
taken place. 

Tkalliuni Diphenpl Oxide. 

Thallium diphenyl chloride {Ao grams) and 2(1 grams of jKitassimn 
hydroxide in a mixture of 3b c.c. of absolute alcohol and 2D vc. of 
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water were heated under reflux for eight hours. The whole was 
KMircd into a litre of water, when a white, flocculent mas.s was 
of)tainetl, which was filtered and well washed with water. Yield 
•1.1 grams (Found: T1 = 5o-60, 5o'81. C24H20OTI2 requires 
X’l ,j<pv3 per cent,). The oxide is completely soluble in pyridine, 
colouring the solution pink, is slightly soluble in alcohol or chloro* 
form, and insoluble in water, acetone, xylene, carbon tetrachloride, 
licrht petroleum, or ethyl acetate. 

Thallium Diphenyl Acetate . — Thallium diphenyl oxide (0*9 gram) 
was dissolved in 5 c,c. of boiling glacial acetic acid, and the solution 
wa.s filtered and very slowly evaporated, when 043 gram of fine, 
transparent needle.? was deposited. Addition of light petroleum 
to the filtrate gave a further 0-18 gram (Found : T1 — 48-74, 48-83. 
t' requires T1 ~ 48-91 per cent.). Thallium diphenyl 
(irdaie melts with considerable gas evolutiori at 262°, and is eom- 
jilctely soluble in hot pyridine, chloroform, toluene, ethyl acetate, 
or alcohol, moderately soluble in carbon tetrachloride or water, 
slightly soluble in ether or acetone, and insoluble in light petroleum. 

Thallium Diphenyl AT^ra/e,— Thallium diphenyl bromide (1-0 
gram) and 0-42 gram of silver nitrate in 20 c.c. of X3dene ^vere boiled 
for t^vo and a half hours. After filtration, the residue was boiled 
with water, and with pyridine, the filtrate giving short, transparent 
needles. Yield 0-68 gram (Found: Tl— 48-28; N — 3-31. 

f'ljHio^laNTl requires TI = 48-56; N = 3-33 per cent.). The 
uliraie is completely soluble in hot pyridine, verj^ slightly soluble 
in bailing glacial acetic acid, water, or alcohol, and insoluble in 
other organic solvent.-;. 

Tkallium Diphenyl 'Tlitrite. — This was prepared in the wa}" 
described above, using 1-0 gram of thallium diphenyl bromide and 
O-Ild gram of silver nitrite, the pyridine solution \fielding 0-4 gram 
of short, transparent needles (Found : T1 50-00 ; X = 3-76. 

Cj 2 HjoOoYTI requires Tl = 50-48; N = 3*47 per cent.). The 
niinle is completely soluble in hot jiyridine, .slightly soluble in 
chloroform or alcohol, very slightly soluble in acetone, and insoluble 
ill other organic solvents. 

Thallium Diphmyl Chromak . — The residue obtained by boiling 
for sei'en hours TO gram of thallium diphenyl bromide and 0-41 
gram of silver chromate in a xvflene solution w-as extracted with 
pyridine. The filtrate deposited pale yellowy short needles, which 
burned with slight explosion and did not melt at 290°. Yield 
O‘o6 gram (Found : T1 - 49-17 ; Cr -= 6-21. 

requires T1 = 49-03; Cr — 6-25 per cent,). The chromate is com- 

jilctely soluble, in pyridine, and in boiling glacial acetic acid the 
yellow colour is destroyed, leaving a white suspension. It is slightly 
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soluble in acetone and insoluble in water and other organic 
solvents. 

Thallinm. Diphenyl Pyrophosphate —This was prepared in the 
usual manner from !•! grams of thallium diphenyl bromide and 
0*5 gram of silver pyrophosphate, the mixture being heated for four 
and a half hours. The residue after filtration was extracted 
pyridine and thrown out with ether, Tield 0*4 gram {Found; 
Tl = 45-79. C24H2 o 07P2T1.^ requires T1 - 45-83 per cent.). 
pyrophosphate crystallises in short, microscopic needles, which arc 
completely soluble in pyridine, moderately soluble in boiling glacial 
acetic acid, less soluble in alcohol, ethyl acetate, or chloroform, and 
insoluble in acetone, ether, carbon tetrachloride, or light petroleum, 

Method of Kstimatkm of ThalUuni and Halogen in Organic Tii(ilhu,n 
Compounds. 

The thallium compound is broken down in a spherical dad 
(capacity 200 c.c.) ha\hig a short groinuhglass neck, to which is 
attached an air-condenser 3 feet long. To 0-2 gram of substance 
about 20 c.c. of fuming nitric acid arc rapidly added and the whole 
is boiled until it is colourless. The contents of the flask arc umv 
washed out and evaporated to dryness, the residue being taken up 
in water, a few drops of dilute ammonia added, and the thallium 
precipitated in the hot by means of potassium dichromatc. In 
cases such as the above chromate, the thallium is first rcino\edas 
thallous iodide, before precipitating the other metal, tor the 
halogen c.stimation, silver nitrate dissolved in 1 c.c. of water is put 
in previous to the addition of the fuming nitric acid. The authors 
find that by this means the haloid is preci})itated without los. 
After the mixture has l>een boiled to destroy organic matter, the 
usual procedure is followed. This method of estimating halogens 
has given good results in the case of thallium, lead alkjl, and 
nicrcurv compounds, and would no doubt answer for any t\pe ol 
organic compound which is not explosive with fuming nitric acid, 
or does not give a stable nitrate, for example, lead diphenyl nitrate, 
or yield an insoluble oxide, as in the case of tin. 

The authors arc indebted to tlie Research Fund Committee of the 
Chemical Society for a grant which has partly defrayed the 
of this investigation. 

The Univkrsitv, 

Edobaston, ' J .' rr . civcfl , February iw , i 
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LVIIL — The Influence of Nitro-groufs on the Re- 
activitij of Substituents in the Benzene Nucleus, 
Part V. Heteronucleal Dinitro-derivatives, 

By Harold Burton and James Kenner. 

In the first paper of this series (T., 1914, 105 , -717), it was suggested 
that as a corollary to the loosening effect of meta -directive groups 
on substituents in the ortlio- or para-jjositions, a similar influence 
of ortho-para-directive atoms or groups on nieta-substituents would 
be observable. At that time, it was only possible to refer to two 
instances, but since then another has been supplied in the conversion 
of 3 : 4-dinitrotoluene into 4-nitro-'w-toluidine rather than into 
3-nitro-p-toluidine (Kenner and Parkin, T., 1920, 117 , 855) : 


l\Ie 

Me 

/\ 

/\ 

1 l\o ^ 

1 l\H 

NO. 

XO, 


Further, the loosening effect of the chlorine atom on nitro-groups 
in the meta-position to it has been commented on by Hollomann 
and Hollander [Eec. trav. chim,, 1920, 39 , 435). A more detailed 
discussion of the results of Hollomann and his collaborators will be 
supplied in a future communication, but the point now under 
discussion may be illustrated by the case of 3 : 4 : 6-trichloro-l : 2- 
dinitrobenzene, from which the 2- rather than the 1-nitro-groiip is 
displaced because the effect of the nitro-group in the ortho-position 
to it is supplemented by those of tuo lueta-ehlorine atoms. The 
l-nitro-group also has a nitro-group in the ortho-po.sition, but only 
one chlorine atom iji the meta-position relative to it. 
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Similar considerations at once explain the conversion of 5-bromo- 
1:2; 4-trinitrobenzerie into 5-bromo-2 : 4-dinitroaiiiiine (Gina, 
(jozzetta, 1921, 51 , i, 307). Here the elTects of the other three 
substituents are all to loosen the I -nitro-group. The alternative 
possibility would be the replacement of the bromine atom, which 
has two nitro-groups in suitable orientation to it, but the influence 
of the third nitro-group is opposed to the change. 
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This confirmation of the predicted influence of ortho-para 
directive substituents is to a certain extent a justification of 
reasoning by which it was deduced, and which was based on Fliir 
scheira’s substitution hypothesis. These considerations, however 
would suggest that ortho-para-directive substituents would also 
render groups reactive which arc attached to the carbon atom to 
which tliey are themselves united, and the case of triphenylmethvl 
chloride lends support to this view (compare T., 1914, 105, 271{i) 
On the other hand, such induced reactivity would not be antici])ato{| 
as a result of the attachment of meta- directive groups to a earboti 
atom. Ft may therefore appear directly contradictory to those 
arguments that tel rani troraethane and the halogen derivatives of 
trinitrom ethane react in alcoholic solution with hydrazine aiui 
potassium hydroxide according to the equation (Macbeth and Pratt 
T., 1921,119, 1350) : 

2XC(N02)3 + 4K0H-f N.H, 2{NO.)3CK-L2KX + N,-f 

This displacement of the substituent X leads the investigators 
mentioned to the conclusion that a certain parallel mav ho 
drawn between the behaviour of the pol 3 mitro-aliphatic compounds 
and polynitro- aromatic substances, especially those in which the 
ortho-para-influenee of the nitro -group exists.” This parallel u 
somewhat limited in character, since, as Macbeth and Pratt point 
out, in the case of aromatic compounds the formation of substituted 
phenyl hydrazines ensues on the dispiacement of the n'active 
substituent : 

2ArX d 3 X 2 H 4 2Ar-XH-XH2 + 

Further, this reaction is equally well carried out in absence of 
potassium hydroxide (compare, for example, Kenner, 1914. 
105 , 2732), and it is usually necessary to assist the reaction bv 
warming. Since, in addition, Meisenheimer and Schwartz 
1906, 39, 2544) have previously commented on the slight reactivity 
of the bromine atom in bromotrinitromethane, there is at once 
ground for the suspicion that the results of Macbeth and Pratt are 
due to some other cause than that indicated at the beginning of 
this paper. 

This is rendered even more probable by the following considera- 
tions. It was shown by Thole and Thorpe (T., 1911, 99, 2183) 
that carbethoxy -compounds in general react with sodium ethoxide 
at the ordinary temperature, losing the earbethoxy-gruujj in the 
form of ethyl carbonate, if, by so doing, they can acquire a tauto- 
meric hydrogen atom : 

X-CO,>Et -r NaOEt 


NaX + CO(OEt) 2 . 
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Thi'^ fact, which was subsequently utilised by Thole and O'horpe in 
the sviithesis -of various glutacoiiic esters {loc. cit., p. 2187), is 
pc-rhaps most simply illustrated by the subsequent work of Scholl 
•\n(l h>crer {Anmlen, 1913, 397, 301), who q\iote, without further 
coniinent, the reference to Thole and Thorpe's paper. All previous 
attempts to prepare alkyl derivatives of ethyl methanetriearboxyl- 
■itc hv treatment of its sodium salt with alkyl iodides in alcoholic 
volution (Conrad and Gutzeit, AnmUn, 1882, 214, 35; Michael, 
j pf, Chem., 1888, [ii], 27, 477) had failed, owing, as Scholl and 
K<ferer showed, to the fact that the alkyl derivatives in question 
aiv decomposed by sodium ethoxide : 

CHlCfXEt), R<’(('0,Et)3 

R-C(C(hEt):C(OXa)'OEt -f CO(OEt).. 

Tho alkvl derivatives are, however, in themselves stable compounds, 
iiiui ohtainable by the reaction indicated, prf)vi(Ied that it he carried 
out in ahsence of alcohol. The sanie a])plies to the acyl derivatives 
and to ethyl mothanctetracarboxylate, which are all prepared from 
the trioarboxylie ester, and at onc(‘ react with sodium ethoxide, 
yielding the original ethyl metiianetriearhoxylate, with, in the case 
of ethyl acetometlianeti'icar boxy late, a small amount of ethyl 
acetonialonate ; 

CHg'COoEt - CHfC(),Et)3 ^ ('H3-CO*C({X),Kt)3 — ^ 

CH,/C(K'H(CCGEt), ^ COfOEt),. 

Methyl dioxalomalonatc is .similarly decomposed by ethyl sodio- 
maloiiate, and also by water, alcohol, aniline, and phonylhydrazine, 
although in the last four cases the reaction will readily proceed 
further if excess of the reagent b(‘ em})loycd : * 

(COoR'CO)oC(CO.,R)., C().,R-(:().,K - (X).,R-CO-OH{CO,R)., 

■ I ■ ■ 

CO.R'CO^R i CH2(C02R).,. 

Since nitroform is a tautomerie eompound, it occurred to us that 
the reaction obser\'ed by Macbeth and Pratt might lie comparable 
with those just discussed. An examination of the literature from 

* In explanutiuii of tho soc()Tid stage of liiis jX‘ac‘tioii, it may be j)ointed 
out ihtil ethyl oxaiomalonate exist.s almost entirely in t})e onolie form (Seholl 
and Lgerer, lov. ciL). That this is s[)e(‘ially favoiu'ahle to hydrolysis of the 
kind observed, seems to follow from (he fact that. Ijioadly considered, the 
analogcms ” aci<! hydrolysis’' of ethyl acetoaeetate and its derivatives is 
'■arried out in presence of .strong alkali (that is. with the enolic salt), whilst 
tlie ketonic hydrolysis oectirs wliei* acitl oi' weak alkali is employed, owing 
t(i dccoinyiositkm of ihe kefntiic form. 
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this point of view then revealed a number of isolated observatiori? 
which may all be grouped under an extension of the generalisation 
already quoted, that compounds which, by the replacement of aj 
atom or radicle by hydrogen, become tautomeric readily undergo 
this change under the influence of suitable reagents, among 
sodium etboxide and alcoholic potassium hydroxide are the most 
prominent. 

It will be noted that this statement leaves open the questions as 
to how and why such a change occurs. The following examples, 
whilst not exhaustive, illustrate, however, its application. Kthyl 
methyl- {or ethyl-)]iitromalonate is converted by sodium etimxidt 
into ethyl i-nitro-propionate (or -butyrate) (Ulpiani, Aui }>^ 
Amid. Lined, 1903, [v], 12, 441; Ilantzsch and Ley, Her., 19(J(i^ 
39, 31dd) ; 

NO.yCMe(CO,Et),, -> NO.yCHMe-CO,Et, 

and methyl bromonitromalonate into methyl nitromalonate 
(Willstiitter and Hottenroth, Ber., 1904, 37, 17S0) : 

NO,yCBr(CO.Me), -> XO^-CHlCO.Me)^. 

Similarly, from dibromonitroacet amide, either dibromonitro- 
methanc or bromonitroacctamide is obtained according to the 
conditions employed (Ratz, Monafsh., 1884, 25, 725) : 

CIIBr^-XO., XOyCBryCO'XH, -> XOyCHBr-CO’NH,, 

Dibronio- and olilorobromo-dinitroniet banes (Losanitsch, 

1882, 15, 471: 1883, 16, 51: 1884, 17, 848; Schott and Bmi- 
noLen, Ber., 1898, 31, 042), t et ran itroni ethane (Hantz.soli and 
Kinckenberger, Ber., 1899, 32, (128: Schmidt, Schumacher, and 
Kuhlmann, Rcr, 1921,54, f/l], 1483}, trinilrocthanc (Hantzscdi and 
Rinckeuberger, Joe. cit.), and triclilorobromodinitroetl’iane (E. ter 
Meer, Annakn, 1870. 181, 1 } all belia\'e in the same manner towards 
alcoholic potassium hydroxide or sodium ethoxide : 

CBr,(XO,),, -- CHBr(X(.)o),: 

CClBr(X02)o CHCKXCL),, : 

C(Xa)4 ^ CH(XO,),: 

CMelXO,)^ -> CKMelXO^},; 

CCVCBrlxCL), -> OClyCHlXO.).. 

These examples have been .selected in ord(T to show that there i> 
a series of compounds representing a gradual transition from cthO 
methanetelracarboxylate to tetraiutromethane, which all have this 
reaction in common, and that therefore tire .spc'cial formula' Lr 
ethyl bromonitromalonate proposed by Willstattcr and Flottenrotli 
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(loc cit.). and for tetranitrom ethane by Schmidt {Ber., 1919, 52, 
400 : 1920, 53, 1529, 1537) 

/0\ /Os, 

(C02Et)2C — N*OBr ; (N02)2C~-N*0‘N02 

are, from this point of view at least, unnecessary (compare K, H. 
Meyer and Wertheimer, Ber., 1914, 47, 2374), and untenable unless 
thev are extended to ethyl methanetetracarboxylate.* 

Fhenyldibroraonitromethane, which reacts with hydrazine and 
alcoholic potassium hydroxide according to the general equation 
already given, is also decomposed by alcoholic potassium hydroxide, 
with formation of the potassium salt of phenylbromonitromethane 
(Macbeth and Pratt, Joe. cit.) : 

C 0 H 5 'CBr 2 'NO 2 — >■ Cgll^'CBrlNO’OK. 

It must therefore be considered extremely probable that the 
tendency to acquire a tautomeric hydrogen atom, Avhatever its 
^‘anse, is at least contributory to the reactions described by Macbeth 
and Pratt, When, further, it is noted that, of all the compounds 
investigated by them, the only one which failed to react, namely, 
hmmonitromethane, was also the only one already provided with a 
tautomeric hydrogen atom, the conclusion is almost irresistible 
that this factor determines the reactions observed. The fact that 
reaction occurs less readily the smaller the number of nitro-groups 
present corresponds in all probability with a diminution in the 
tendency of the iwoducts of the reaction to assume the oc?'-nitro- 
form. A rough indication of this is seen in the facts that, whilst 
nitrometliane has no acid properties, dinitromethane in aqueous 
solution is distinctly acid (Hantzsch and Veit, Ber., 1899, 32, 610), 
and that nitroforrn is of the strongest organic acids (Hantzsch 
and Rincketiberger, loc. cit.). The tendency to ionisation is, of 
(‘(Mirse, independent of the formation of the rtc/-nitro-form, but this 
is a necessary preliminary. 

It appears, therefore, that the reactions in question do not belong 
to the same category as those dealt with in the present series of 

* The formula shown for tetranitroinethane is considered necessary to 
explain the fact that, wliilst iodotrinitroinc thane is entirely converted into 
the potassium salt of nitroforrn even by dilute potassium hydroxide solution, 
totrunitroraethane under similar conditions is partly converted into potassium 
carbonate and potassium nitrate, to an extent \vhic'li increases with tho 
ddution of the alkali, but does not exceed 3:i per cent. (Schmidt, loc. cit). 
The difference, however, may possibly be duo to the more higlily unsaturated 
condition of the carbon atom in tetr.niitromethane, corresponding with tho 
1 erence in the smaller demand on its valency made by a nitro-group than 
by an iodine atom. 
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papers, and hence that the results they furnish are not directiv 
antagonistic to the views developed herein. A further indication 
of the difference is supplied by an observation of Meisenheiniei. 
{Ber., 1903, 36 , 434), who found that, if one molecular proportion 
of sodium inethoxide be added all at once, instead of gradually, t,, 
trinitroethane, the potassium salt of methyl dinitroethyl ether Avill 
be produced in the same mannei^j as trinitroanisole is formed from 
trinitrobenzene : 

CMelNO,)^ [OMe-CHyC(NO,) 3 i -v OMe-CHyC(N(\):X0d)K 

The explanation would seem to bo that the conditions employed 
are the most favourable to tlie exertion by the three nitro-gronp^ of 
their loosening influence before one of them gives place to a taiito- 
meric hydrogen atom. It I’emains to be seen whether a .siiailav 
observation can be made in tlie case of dinitro-compoinuls whH 
do not contain a tautomeric hydrogen atom, for example, %. 
dinitropropane. It is probable that in this case reaction will occur 
less readily, since, as Macbeth and Pratt suggest, and as has heen 
repeatedly emphasised in these papers, the negative character of 
substituents also contributes to the production of lability. Furthi-r 
evidence of this can now be offered, as a result of experiments made 
with compounds containing two nitro-groups in different i\uclei. but 
in the same relative positions as in para-compounds. 

Thus, l-chloro-4-nitronaphthalene yields 4-nitro-a-naplithyl. 
amine when it is heated w'ith alcoholic ammonia, and 1 ; 4-clinltro- 
naphthalene {!), at present unknown, would doubtless behave iii a 
similar manner. 1 : o-Dinitronaphthalene (IT), however, wbicli 
contains the nitro-groups in the same relative position, is m 
attacked by alcoholic ammonia : 



It might possibly be urged that in this case the second nitro-grou|; 
is not in a suitable position for interaction with the complex group- 
ing of the intermediate molecular compound (III), postulated m 
such reactions. Sucli an objection could scarcely, however, ap])!y 
to 2 : 2'-diphenyl derivatives, since it has been shown that the 
2 : 2'-position corresponds very closely with the ortho-position ii> 
benzene derivatives (Kenner and Turner, T,, 191 1 , 99 , 2101 ; Koniiec 
T., 1913, 103 , 013), 2 : 2'-Dinitrodiphenyl, however, was recovere 
unchanged after treatment with aleoholic ammonia. 2 : 
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6 : e'^diniiroA : ^'-ditolyl (IV), prepared by the aetiori of copper 
powder on 5-chloro-4-iodo-3-nitrotoluene, 

_No, _no2 m, 

Me/ ^ ^Me (iv.) 

^ a “(’I (T^ 

contains a chlorine atom and a methyl group in the meta-position 
to each nitro-group, which might therefore be expected to make this 
more mobile than in the case of dinitrodiphonyl itself. Nevertheless, 
this compound also was unaffected by treatment with alcoholic 
ammonia. As regards negativity, this compound probably approxi- 
mates to dinitrodiphenyl, since the influences of the chlorine atom 
and of the methyl group are opposite in character. Tt remains to 
1)0 seen whether the introduction of carboxyl groups ortho- or para- 
to the nitro-gronps will render them mobile, and experiments on 
the synthesis of such compounds arc in ])rogress. 


E X P E Pl I M ENT .\ L. 

2 : 2' -Dichloro-fj : (V-dinifroA : 4-' -ditolyl. 

This compound, which was first prepared by Mr. C. W. Judd in 
collaboration with one of us, results from tlu* gradual addition of 
copper powder (10 grams) to o-chloro-4-iodo-3-nitrotoiuene (10 
grams) at 230°. The mixture is then further heated for one hour 
at 2r)()° and extracted with benzene. The product, which is also 
obtained by the action of copper powder on 4 : 5-dieliloro-3-nitro- 
tohiene, separates from a mixture of benzene and light petroleum 
in prisms, m. p. 166° (Found ; N ^ 8 34, C\ 4 Hjg 04 N\ 0 l 2 requires 

N == 8-21 per cent.). 


TrentmeM of Dinitro-compoiaids frith Meihyl-akoholic 
Ammofiia. 

1 : i>T)iiiitronaphthalene (2T8 grams), 2 : 2'-dinitrodiphenyl (2-4 
grams), and 2 : 2'-dichloro-() : O/dinitro-4 : 4'-ditolyI (3’41 grams) 
were separately heated each with ammonia solution {d 0*880 ; 4-5 c.c.) 
and methyl alcohol (32 c.c.'i at 150° for sixteen hours, at 200° for 
sixteen hours, and at 200° for eight hours, respectively. In every 
case the material was recovered unchanged. 
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from the Department of Scientific and Industrial Research, which 
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LIX —The Coinpositioji of Parajfi.n Wax, Part /. 

By Francis Francis. 

This investigation wa.s undertaken in the hope that some liuhi 
might be thrown on the nature of the hydrocarbons contained in 
para din wax. This solid product of the petroleum industry ivas 
selected because at temperatures between and 200“ it may he 
more readily oxidised by oxygen- containing gases than the liquid 
petroleums, and secondly because the process can be carried out 
under certain conditions, at a temperature of 100°. 

The investigation has now been in progress for some 3’ears, and 
this jmelirn inary account of it describes the first stage of uhat 
appears likelj^ to prove a tedious and difficult piece of work. 
Since lOlS a serie.s of papers has been published on this suhjed, 
but the various authors have only described the results obtained 
when the oxidation by air or oxvgcn was carried out at temperatiire;' 
higher than tho.se I have employed. It i.s to the use of siieh tempera- 
tures, presuraabh", that must be ascribed the deep-seated oxidation 
which takes place, as shown in the number, variety, and relativch 
low molecular weight of the resulting substances. From such 
breakdown ])rodiiets, clearly fragiiieiit.s (.)f the original nioleeulfif 
complex, it has not been found pos.sible to obtain any insight inti) 
the nature of the hydrocarbons comprising paraffin wax. 

I have found, however, that when air oxidation is brought about 
in the pro.sence of .small quantities of turpentine and at temperature? 
not exceeding 110°, then selective oxidation takes place of one- 
presumabiy — class of constituents of the tvax, and the resiiltinL’ 
derivatives are less numerous than those described by previou? 
observers, and certain members are comparable in molecular 
magnitude with the hydrocarbons present in the wax. It is believed 
that these substances arc the precursors of the many acids described 
by other investigators working at higher temperatures. 

The part played Ijy turpentine, is under investigation, but in the 
absence of this substance no oxidation has been found to take place 
with air at 102° in the time occupied by the experiments. 
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When oxygen is employed instead of air, even at a temperature 
of 100°, the oxidation appears to proceed further, and among the 
resulting products, again small in number compared with those 
described by others, there are present acids of lower molecular 
magnitude than corresponds with the wax which has been oxidised. 

When oxygen is used at the temperature mentioned above, no 
oxidation takes place until after the lapse of a period in which very 
considerable change sets in, provided turpentine is present. Oxida- 
tion however, does take place in the absence of this substance, 
commencing about one month after the wax has been treated 
continuously w'ith a current of the gas. 

A comparison has been made between the oxygen treatment of 
the wax containing turpentine and the tw’o synthetic normal 
paraffins—hexadecane, C\(;H 34 , and dotriacontane, in the 

presence of the same substance, hut although all the conditions 
were strictly comparable with the experiments previously mentioned, 
it was found that no oxidation of these hydrocarbons takes place. 

In all the various oxidations which have been carried out with 
the wax, there is ahvay.s a residue of unacted -upon hydrocarbons. 
These Ipvdrocarlioiis wore isolated and re treated with oxygen, but 
the resulting material was never found to contain more than a small 
fraction of the amount of oxygen present xvhen the original wax was 
treated ia a comparable maimer. 

These observations, together with the previous fact concerning 
the synthetic paraffins, lead to the conclusion that the method of 
oxidation employed may be capable of differentiating between what 
are, probably, normal paraffins, and other at pre.sent unknown 
constituents of the wax which undergo oxidation. This view has 
been strengthened by the discovery that it is possible to obtain 
certain fractions, by distilling the wax in a high vacuum, which, 
under comparable eon< lit ions, are very much more readily oxidised 
than others. 

If the interpretation of this observation proves to be correct, 
namely, that it Is ])ossible to separate, or to separate even partly, 
the wax into oxidisabk' and non-oxidisable constituents, then the 
further investigation of the whole problem will be rendered much 
easier. 


1. The Action of Air and Oxijgen on Farajfin ITa.r, 

The material used in this investigation was obtained from the 
\oung Paraffin Light Co., Addieweil, and fused between 55° and 
50°. Judging from this, from the analytical data, and from the mole- 
cular-weight determination carried out by the cbullioscopic method 
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using benzene as solvent — all given in Table I, experiment 1— the 
substance appeared to consist of hydrocarbons corresponding closed 
with the average analysis of such paraffin waxes, namely, C 8.rl.5; 
H ^ 14-85 per cent. Our knowledge, however, is insufficient fo| 
any statement to be made as regards the nature of these hydro, 
carbons, although they are generally supposed to be mixtures of 
normal members of the paraffin series. 

When a rapid current of dry air, free from carbon dioxide, tvas 
passed through the molten wax at a temperature of 70— 80’, no 
oxidation was found to take place in one hundred and sixty-eight 
hours, and at there was no cliange in three hundred and 
thirty-six hours. 

In the next experiments, numbered 2 and 3 in Table I, analytical 
data arc given for the resulting material. These were carried out 
at higher temperatures than the above, but under precisely the same 
conditions, in the same thermostat, and at the same time as those 
to be described later, in which small quantities of turpentine \vere 
present in the molten wax. 

The results obtained with oxygen, passed through the wax by 
nicans of fine jets, are also given in the same table, and these may 
be compared wdth the analyses of the resulting material when 
turpentine is present (see Table 11). 


TAjU.K I. 




Mol. wf. 
Ebullio- 




soopic 
method in 

Iodine 

Kxpt. 

M. p. 

benzene. 

value, 

1. 

5 5'") (5^ 

303-300 

3-0 

2^ 

.M) 

300 


3*. 

ot>-57 

— 

u-u 


+. 

35 



03 -o5 

3- US 


50 '54 

3-39 


40-52 

3-71 


30-40 

— 



Ail' 


Analysis. 


eurrent. 

Dura- 



0. Ijv 


tioii in 



differ- 

Tein[>. 

Iiours. 

C. 

H. 

ciu'e, 



854 

14-7 


[0] 103^ 

333 

854 

14-0 

- 

111) 

282 

85*3 

14'« 

_ 


Oxygen 

current. 




100 

240 

85-1 

14-8 

- 


090 

854 

144 

— 


802 

84d) 

14-5 

iV6 


950 

82-2 

14-0 

U 


1270 

74-7 

II'O 

i:id 


The data in Table 1 .sliou' that the Avax is not attacked by an 
during two hundred and eighty hours at 110 or by oxygen duiiUg 
seven hundred hours at 100'’. . ^ , 

In the case of oxygen, the sudden increase in the velocit} 
oxidation after the lapse of so long a period is interesting, ^ 
highly probable that if the experiments with air had been continue 
for a sufficient length of time similar results might ha\c ii-f 
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Judging from the iodine values, there is no indication 
of the formation of unsaturated substances previous to the onset 
i»f oxidation. Oxidation commences, as it does in all cases investi- 
crated with the simultaneous formation of water, carbon dioxidoj 
;uid formic acid. 

\ further communication on what may be termed the latent 
period in the oxidation will be published shortly. It may be stated 
here, however, that when paraffin wax is kept in a vacuum at 
lOO' for seven hundred hours, and afterwards treated with a current 
of oxygen, this period is diminished by about 20 per cent. 

That oxidation takes place readily, with varying degrees of 
velocity, at higher temperatures has been determined by many 
investigators. 

Besides various patents dealing with the oxidation of paraffin 
wax by air at temperatures between 120° and 150°, of which the 
first is that taken out by Schaal in 1884, the following are of import- 
.^,;j(>^_-Bergmann {/j. angew. Chern., 1918, 31 , 69, 115, 148) has used 
jiir at 130 — 135°; Kelber {Ber., 1920, 53 , [B], 66, 1567) at 140— 
150°, and states that with oxygen the reaction becomes violent if 
the temperature rises above 200°, but at such temperatures 
it will be complete in four to five hours. Fischer and Schneider 
{Her.. 1920, 53 , [fi], 922) used temperatures 135—145° and 
iijj to 170°, and also carried out the process under pressure. 
(Iriin {Ber., 1920, 53 , [B\ 987) states that pai’aflin wax can be 
oxidised in four to five hours with oxygen at 130 — 135° and that 
tlie composition of the resulting material depends on the temperature 
I'inployed and on the duration of the experiment. Loffl {Seifen Z., 
1920, 27, 622) also mentions the importance of temperature and 
states that the best yield of acids is obtained at 115 — 120° under 
three atmospheres’ pressure. Franck and others have also used 
oxygen at a temperature of 150°. 

It is certain that oxidation with either air or oxygen can be 
brought about readily at temperatures above 130°, although the 
experiments described in Table I indicate unquestionably that, at 
the terriy)eratures described and in the time stated, oxidation either 
tloes not take place, or does so with such a small velocity that after the 
lap,seof a considerable period the amount of oxygen in the resulting 
])roduct is incapable of detection from the results of carbon and 
hydrogen analyses. 

The discussion of the relatively low molecular weight products 
obtained by the above investigators i.s left to a future communication. 

Lhe very large increase in the velocity of oxidation when the 
process is carried out in the .presence of small quantities of 
turpentine is described in th(‘ next section, and this reaction w’as 
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under investigation before any of the papers mentioned above 
been published. 

//. The Action of Air and Oxygen on Paraffin Wax containirir 
Turpentine. 

When a small quantity of turpentine is added to the wax and 
the resulting material treated with a current of air or oxygen under 
precisely similar conditions to those previously described for the wax 
alone, then oxidation does take place. 

In experiments nuiiibercd 2a and 3a, Table It, the current of air 
passed first through molten para din — the analyses of the resulting 
materials are given in experiments 2 and 3, Table I — then thro\j4 
a layer of cotton wool to retain the wax carried over as vapour bv 
the air current, and amounting to T5 per cent, of the wliole material 
in three hundred and thirty-three hours, and iinally into another 
quantity of the vax containing 5 per cent, of turpentine, The 
analytical data for the resulting material from a series of .sueli 
experiments with air and oxygen are given in Table Tl. 

In experiments 2a, 3a, 4, and 5, the results of which arc sLimmarkd 
in Table II, a considerable amount of turpentine was carried awav 
by the air current. It was collected in tubes filled vith cottnn 
wool, and in experiment 4 the amount of unclianged raateriiil 
obtained showed that the oxidation could have been efteeted with 
considerably less than the 5 per cent . of turpentine actually employed, 

In the case of oxygen, the gas stream carried over but very smalt 
quantities of volatile material, which in these cases condensed in 
the cool part of the reaction vessel. 

The results given in Tables I and II illustrate the followinp 
deductions : 

(1) Paraffin wax treated with dry air at 101 — 103'^ for tlirro 
hundred and thirty-three hours is not affected, whereas in the 
pre.sence of 5 per cent, of turpentine the resulting material nontain^ 
10'8 per cent, of oxygen. 

(2) Treated with oxygen at 100" for six hundred and ninoty-dx 
hours, paraffin wax is not oxidised ; but in the presence of ') per 
cent, of turpentine the resulting substance contains 10 prer cent, of 
oxygen. 

(3) The velocity of the reaction with oxygen is greater than with 
air, although tlie temperature is lower ; also the oxidation proceeds 
further. 

(4) In the oxidation with oxygen using turpentine {experiment k 
Table II) the process appears to cease after the lapse of six hundred 
and ninety-six hours, since the product contains the same percentage 
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Table II. 




Rapid current of dry 


Analysis. 



air, free from CO,. 











— 




0, by 




Duration 




differ- 

Fvnt. Remarks. 

Temp. 

in hours. 

M. p. 

C. 

H. 

ence. 


400 Grams of paraffin 








wax and 20 grams 








of turpentine. 

101 103 

" 333 


70-0 

12-0 

10-8 

3 A 


no 

282 


77.7 

12-0 

9-7 

4 

1000 Grams of paraffin 








wax and oO gram.s 








of turpentine. 

109-110 

040 


78-3 

12-7 

9-0 

5 

100 Grams of paraffin 








wax and 5 grams of 








turpentine. 

. 100 

o95 

40^ 

78-3 

12-8 

8-9 



Dry o.xygen from 







fine c 

apillaries. 





6 

„ 

100 

48 

52-52 

85-2 

14-3 

0-5 



,, 

144 

47-49 

83-7 

14-5 

1-8 




192 

47-49 

83-0 

14-0 

3-0 




240 

44-48 

82-3 

13-5 

4-2 




312 

44 48 

79-9 

13-3 

0-8 




300 

43-47 

78-7 

13-1 

8-2 




408 

40-45 

78-8 

12-7 

8-5 




4 SO 

37-43 

7(;'l 

12-4 

11-5 



,, 

000 

34-40 

73-4 

11-0 

15-0 



,, 

090 

35-41 

70-2 

10-8 

19-0 




930 

39-43 

70-3 

10-7 

19-0 



Air saturated witli 







. moisture. 





7 


100 

501 

53-55 

84-8 

14-5 

0-T 



Dry 

oxygen. 





.8 

Dotriaconiano and a*],', 








of turpentine. 

100 

090 


85-0 

151 





before. 


85-0 

14-9 





treatment 






Hexadccane and 5^',, 








of turpentine. 

,, 

200 


84-4 

14-7 

0-9 




730 


84-4 

15-3 





calculated 

85-0 

15-0 


of oxygen after a further two hundred and thkty hours' 

treatment 


with this gas. It will be noticed, ]K)\vp\er, that the melting point 
of the resulting material, whicli falls gradually for the first six 
hundred hours, commences to rise after that period, It is believed 
that this has a bearing on the nature of the resulting acids. 

( 0 } i^Ioisturc appears to inhibit the oxidation process. After 
fi^ c hundred and ninety-six hours' treatment with dry air the product 
contains 9 per cent, of oxygen, but in the case of moist air only 
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0‘7 per cent, after five hundred and one hours. Although 
appears to act in this manner, yet if the reaction has actually con) 
menced it does not hinder its progress. 

(6) The two synthetic hydrocarbons, dotriacontane and hejj. 
decane, are not oxidised under the conditions described. As \viij 
be seen later, there are constituents of paraffin wax which do not 
appear to be oxidised l>y the method employed, 

III. Minor Products of the O.riduiion, and the Action of Turpenlhu 

(A) In all cases when oxidation takes place, water, carbon dioxide 
and formic acid are evolved. That this is due, in part at least, to 
the oxidation of turpentine is certain, but that it is not entirely the 
case is shown by the fact that those substances are also formed 
after prolonged treatment of paraffin wax with oxygen in the 
absence of that substance, 

in experiment 4, Table II, in which 1 kilo, of wax was oxidised, 
carbon dioxide was slowly evolved during the process, although it 
practically ceased forty-eight hours before the air current was stopped. 
By allowing the air current to pass through a series of wash-bottles 
containing an excess of barium hydroxide solution, 60 grams of 
barium carbonate, corresponding xvith 13’5 grams of carbon dioxide, 
were collected and the volatile acids were converted into barium 
salts, of which oO grams were obtained. An analysis of these salts, 
and an investigation of the acids obtained from them, showed 
that they consisted of more than 80 per cent, of formic acid, of 
which consequently about 17 grams had been formed in the 
reaction. 

These minor products of oxidation may be of significance, but their 
bearing cannot be discussed until further knowledge of the proee:^^ 
shall have been obtained. 

{B) In the above experiment, a total amount of 100 grams of 
turpentine was used, and there was carried over by the air current 
and collected in the manner described, 102 grams of a liquid consisting 
of about 40 grams of unchanged turpentine, 4o grams of a liquid of a 
higher boiling point, which is similar to the material formed when 
turpentine itself is treated with air, and 0 — 10 grams of a liquid 
acid. It is clear that it is possible to account for a very considerahle 
amount of the turpentine used in the process. 

Although the acid mentioned above may contain small quantities 
of substances derived from turpentine, its close analogy with that 
obtained from the oxidation of paraffin wax in the absence of that 
material shows that it belongs to what we have provisionulb 
classified as the “ y acids, which will be discussed later. 



m>^CIS : THE COMPOSITION OF PARAFFIN WAX, PART I. 503 

That the velocity of the oxidation of paraffin wax is greatly 
accelerated in the presence of turpentine is clear, and that this 
substance itself suffers change during the process has also been 
established. The action of air and oxygen on turpentine is now 
being investigated, and the results obtained up to the present with 
-lir sufiport the views expressed concerning this substance. 

A consideration of the relationship between the amount of 
oxvgen present in the final product (Table II, Xo. fi) and the duration 
of the oxygen current, points to the possibility that the process is 
one of auto-oxidation ; but with the information at present at our 
disposal it is not possible to discuss the part played by turpentine 
in bringing about the oxidation. 


IV. Investigatioji of the Products of Air Oxidation. 

The products of the oxidation fall into two groups : 

(A) The small quantities of volatile materials, water, carbon 
dioxide, and formic acid, carried over Iw the air current and de- 
scribed in the previous .section. 

{B) The substances remaining in the reaction flask and composed 
of: 


i. Small quantities of acidic material of low molecular weight, 

mentioned in the previous section, and amounting to 

between 2 and 3 per cent, in all. 

ii. Acidic substances of molecular weight corresponding with 

that of the paraffin oxidised. 

iii. Non-acidic oxidised material and unacted-upon hydro- 

carbons. 

The oxidised paraffin, when solid, resemldes bees' -wax. After 
many attempts to treat this material in such a manner as to effect 
a separation of acidic from unchanged wax and non-acidic oxidised 
material, the most satisfactory method that was found consisted 
in dissolving 100 grams of the molten produet in 400 c.c. of absolute 
alcohol, adding 10 c.c. of 40 per cent, sodium hydroxide solution 
to the hot liquid, and then slowly pouring into this solution 200 — 
2i)0 c.c. of hot water. Two layers were formed and could be separated 
by means of a syphon. The upper layer, solidifying on cooling, 
consisted of the wax and inert oxidised material ; the lower of a 
solution of alkaline salts, which on acidification gave a dark-coloured 
oil, solidifying on cooling. The acidic and non-acidic fractions were 
repeatedly washed with boiling water and (iried at 90'' in a vacuum 
before analysis. 
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Table III gives the analytical data for various preparations o{ 
acidic and non- acidic material obtained by employing the abov 
method. 

A comparison of the analyses, given in Table III, of the variou- 
preparations of acidic and non -acidic materials, shows that the 
method of separation is better than might have been expected 
but it is one that requires some experience in order to avoid the 
formation of emulsions. 

The alkaline salts of the acidic material carry into solution varviny 
amounts of non- acidic substances, and give rise to a sliglitiy opalpj^ 
cent, .soapy solution whicli cannot be extracted by any of the 
ordinary organic solvents, owing to the formation of eniulsionj; 
On acidification, the total material present is thrown out of solulioi] 
and the formation of various mixtures of acidic and non-aridic 
substances accounts for the differences in acid values obtained, and 
magnifies the yield given in column 5 in a manner that will be 
discussed later. 

Purther, the separation is one that does not lend itself to great 
accuracy, and the numbers in column 5, with the possible exception 
of experiment 4a, can be regarded only as approximations corrot 
to about 3 per cent. 

When the mixture of solid acids described aboN'e ha.s been .sepa- 
rated b}^ acidification of the aqueous alcoholic solution (and their 
solubility in this medium was found to be extremely small), the 
solution still contain.s small quantities of soluble acids, wliicli 
amounted to 2:1 grams in the case of tiie experiment in wliioli 1 klhi 
of paraffin wax was (jxidised. These appear to be identical with tin- 
material carried over by the air current, amounting to 0 grams and 
described in section Iff. This acid gave the following data on 
analysis : C = H = 8-44; 0 = 31-70 per cent.; the mole- 

cular weight by tlie ebullioscopic method using acetone as solvent 
was 202, and the acid value 309. For the sake of future reference 
these acids have been placed in the “ y group, and they will be 
discu.sscd later. 

Up to this point, taking the data from the experiment carried out 
with 1 kilo, of paraffin wax, tlie composition of the material in the 
reaction flask is 39 per cent, of iion-acidic substances composed of 
unchanged constituents of the ^\■ax and oxidised hydrocarbons: 
59 per cent, of impure acids containing oxidised hydrocarbons and 
small amounts of unchanged hydrocarbons ; and in all about 3 per 
cent, of y ” acids. 
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V. InveMigation of Acidic Substances from Air Oxidations. 
[With John Clifford Pope.] 

Owing to decomposition it was not found possible to s^eparatf 
the constituents of this mixture by fractional distillation in ^ 
vacuum. This, and the impossibility of rccrystallising the material 
added greatly to the difficulties in the way of, first, separating the 
acidic from the non- acidic constituent which was known to he 
present in the material resulting from the preliminary separation^ 
mentioned in section TT, and still further of separating the mixture 
of acidic substances theinselves. It was only after a considerable 
amount of work had been carried out that the former was aceom. 
plished. The results of the latter will be communicated at a later 
date. 

(d) The crude acidic material gives sodium or potassium salts 
from which the inert material present cannot be extracted by the 
ordinary solvents, The analyses of the acids from different 
specimens of barium salts washed with light petroleum by different 
methods are given in Table IV, C, D, I, J. 

{B] The analysis of the acid obtained from the most snhihle 
fraction of the magnesium salts in ethyl alcohol is given in Table 
IV, E. 

(C) A more satisfactory method of separating the constituents of 
the mixture consists in pouring the molten material into tea times 
its weight of ethyl alcohol containing 8 per cent, of water. The 
characteristics of the more soluble fraction arc given in Table IV, 
experiment F. 

{D) It was only at a later stages of the investigation that it win 
found possible to separate readily such mixtures of acidic and inert 
material by dissolving them in a mixture of 50 per cent, of alcohol 
and 50 per cent, of water containing an excess of sodium hydroxide, 
and repeatedly extracting the solution with light petroleum. By 
this method the formation of emulsions is entirely avoided, and a 
very satisfactory separation into acidic and non -acidic substances 
soluble in the solvent can be effected. 

Various fractions obtained from the original mixture by treatmeiit 
with alcohol as de, scribed in this .section {No, C) were subjected to 
this process of separation, and the analyses of the acids obtained 
from the more soluble fraction are given in liable TV, experimentt 
G and H. 

The acids, freed from inert material by this method, were then 
converted into barium salts, which were extracted with light 
petroleum. The analyses of the acids obtained from the insoluble 
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[(‘X})prinient K) and soluble barium salts (oxperiment L) are given 
in Table JV. 

For the sake of reference, we term the substances from the soluble 
barium salt the a ’’-acids, those from the insoluble, the “ [3 ’’-acids. 


Table IV. 


Mol. wt. 
Ebulliofifopic 
method witii 



Souri'O of acid 

acetone as 

llxid. (air oxidation). 

solvent. 

(’ 

lliiriutn salt (Soxhlet) 
from crude acids. 


1) 

Barium salt from 
crude acids. 


!■: 

From magnesium 



,salt.s. 

40t) 

]' 

Soluble in 92% alco- 
hol. 


i- 

Separation by light 
petroleum ; lowest 

410 


111. p. 

H 

Separation by light 
})e(.roleum ; second 



fraction. 

400 

1 

Barium salt insoluble 



in light petroleum. 

410 

,1 

Barium salt soluble in 
light petroleum. 


K 

Barium salt, insoluble 
in light petroleum, 
from acids free from 



inert material. 

;)2(i 

L 

Barium salt, soluble 
in light petroleum, 
from acid,s free from 



inert material. 

4.52 


Analysis, 


M. p. 

Acid 

value. 

('. 

H. 

0, by 
difler- 
ence. 

47 49'' 

149 

73' 5 

ll-h 

14-9 

44- 45 

131 

73-0 

1 1-6 

15-4 

37 

114 

73'0 

11-4 

lo’O 

35 

110 

73-8 

11-4 

14-8 

37*5 

137 

72-8 

11-3 

15-9 

43 

138 

73-3 

11-5 

15-2 

42 

154 

74-0 

ii-9 

]4'1 

9--I0 

89 

73-0 

11-0 

15-4 

43 '5 


73 ’0 

121 

14-9 

lieplid 

141 

72-1 

1 1-2 

It)- 7 


The method of separation described in thi.s section {Xo. 0) shows 
that the crude acids (sec column .I, Table III} are compo.sed of 
51 per cent, of acids and 46 per cent, of non -acidic material. 


VI. Non-acidic Subslauces from Air Oxidation. 

(d) The non-acidic substances separated as described in section 
IV are seen by reference t(< Table 111 to contain between b and 6 
per cent, of oxygen, This mixture of inert oxidised material and 
unchanged hydrocarbons of the ])araffin wax is very difficult to 
^separate by fractional distillation -in a high vacuum, 

{B) The crude acidic substances are seen by reference to Table III 
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to contain an average of about 13-8 per cent, of oxygen, whereas 
the purer material {sec Table IV) contains between 14 and I 5 
cent. This is due, as previously indicated, to the fact tliat % 
alkaline salts, from which they were obtained, are capable of carryint, 
into aqueous solution a considerable amount of inert oxidised materia] 
and what is believed to be smaller quantities of unchanged 
hydrocarbons. 

( 1 ) The complete separation of the oxidised non-acid fractiofi 
(see Table III, B iii) from the non-acidic mixture containins 
hydrocarbons is a difficult matter. The method we have adopted 
consists in dissolving the mixture in boiling acetone, when, on 
cooling, the majority of the hydrocarbon crystallises out, bat onlv 
an impure oxidised material containing 7-8 per cent, of oxygen tan 
be obtained from the solvent. 

During this separation a small amount of a substance was isolated 
practically insoluble in acetone. It showed an extremely hioJi 
molecular weight, but as it amounted only to about 1-5 per cent, d 
the whole material, it has not been investigated further. 

(2) A much purer specimen of the non-acidic substance can k 
obtained from the crude acidic material (see table III, B ii) (m 
treatment with alcohol, as described in section V, No. C. IVhentht 
fractions are further purified as described in section V, No. D, tlie 
non-acidic constituent can be isolated from the light petrolmii 
used. The analysis of two specimens, 1 and 2, isolated in x\m 
manner from the two most soiuldc fractions, are given below. 

The purest preparations, small in amount but presumably free 
from hydrocarbons, were obtained in the case of No. 3 from the 
material extracted by light petroleum from the barium salts (see 
Table IV, K and L) and in that of No. 4 during the separation of 
the acids by means of their lead salts. 




Analysis. 


Mol. wt. 

■ 


Ebiillio- 

0. bv 


scopic. 

difftr- 

.t[. p. 

method. 

C. JI. race. 

1 . inert oxidised scuii-solid 

37.5 

77-3 12-u 10'2 

2. ,, ,, 

380 

77.1 1^7 

3. ,, ,, liquid 


74'!i 11'!) nt 

- - 0 I'M 1 •^•'1 

4. „ „ 


ti}Z J J'i '*• ' 


As far as the investigation has progressed at present we are nc^' 
in a position to state the approximate com 2 )osition of the 
material resulting frotn tlie passage of air through paraffin waxm 
the presence of turpentine and under the conditions mentioned. 
The data arc given in Table V. 
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Table V. 


vcicifi Jcsignatefl a aad $, together 

7 , about 

Inert oxidised hydrocarbons, containing 10 per cent, of oxygen . . . 

Hydrocarbons, m, p. o5~04° ,,, ... 

Material of high molecular weight, about 

Mixture of hydrocarbons and non-acidie oxidised material eon- 
‘ tairiing a-4 per cent, of oxygen ... 

Mi.xturc similar to above but containing 7 S per cent, of oxygen 


Per eenl. 
:i2 
2-5 
10 
10 
hr^ 

M> 

17 


On the supposition that the inert oxidised material contains 
13 per cent, of oxygen, the total amoiinl jiresent i.s 22 per cent., 
and unchanged hydrocarbons 40 per cent. 


17/. ^Separation of Products of Oxidation udfli Oxygni in the 
Presence of Turpentine. 

The course of the oxidation can be estimated from the data 
dven in Table IT, experiment 0. As in the previous oxidation with 
lir, there was 5 per cent, of turpentine present, and tlie process was 
carried out in a steam -hath. 

It is unncccs.sary to give any details of Die methods employed to 
?lfect the separation of acidic and non-acidic substances ; it was 
readily carried out by extracting the aqueous aleoliolic solution of 
the sodium salts with light petroleum, 4 his process was rendered 
easier owing to the fact that the oxidations had proceeded further 
and there were less unaeted-upon hydrocai'bons present, The data 
ire given in Table VI. 

Table VI. 

Oxidation uith Oxf/gen. Temjyerature. ^ Turpentine present. 

'Slol wt. 

Ebullioscopio 





inethofl with 

Analysis. 


Per 

Acid 

acetone as 




cent. M. p. 

value. 

solvent. 

C. 

H. 0. 

Jrude material from 





I'caction vessel. 

39 43^ 

149 

- 

70-3 

10-7 lOd) 

jolki acids 3 

47 43 

1S8 

,331 

71-5 

11-3 17-2 

i.iquid „ y 

7 

392 


01-7 

9-0 29-3 

M 5 

14 

— 

— 

d4'(( 

7-8 37-0 

N on -acidic 

2r, t: 

M 

393 

so- 7 

13-5 o-S 

S’on-acklic Hplro-' 
acetone '’arbons 
separation 

i.sed 

f Estim- 
ated 

Id' d7-d 

10 27 

- 

- 

84-2 

77-4 

14-2 1-6 

12- 7 9-9 


VOL. CXXI. 
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It appears from the above table that oxygen at 100® brings aljouj 
a much more profound oxidation than in the case of air at Wif 
The p -acids formed, probably containing small quantities of 
amount to 47 per cent, compared with 32 per cent, of and 3 . 
the case of air. Further, the y-acids are formed to the extent f,f 
7 per cent, as compared with between 2 and 3 per cent, in the case 
of air, and in addition there is also present 14 per cent, of acids with 
yet smaller carbon content. As regards the inert oxidised materia], 
10 per cent, is formed compared with 22 per cent, when air isujipd 
and a very much smaller amount of hydrocarbons remains unoxidbed, 


17//. Products of Oxidation icith Oxygen in the Absam 
of Turpentine. 

As stated in section I, the oxidation of paraffin wax Avith oxygen 
appears to set in rapidly after the lapse of about seven hundred 
hours {see Table I, experiment 4). The resulting oxidised materia) 
was separated into acidic and non-acidic constituents by the method 
previouslv described. The data are given in Table MI. 


Table VH. 


Oxidation icith Oxygen. Temperature ^ 100'’. Turpentine okoi 


Solid acids jS 
Liquid ,, 7 

„ 5 



Mol. wt. 
Ebullio- 




scopic 

method 




with ace- 


Analysis. 

Acid 

tone as 



Vliluc. 

solvent. 

C. 

11 . U. 

200 

318 

71-7 

11-9 lti'4 

307 


G2-7 



Non-acidic 


42 


0 390 82-7 14-0 3:i 


From the lower oxygen content and higher melting point oftlie 
neutral material, it is clear that this fraction contains a higher 
percentage of hydrocarbons than when turpentine is present diim? 

the oxidation. i w 1 . 

The amount of solid acids is also lower, and it is presumed that iiif 
reaction had not progressed as far as in the previous oxidaiioH 
(section VII). We point out here that the presence of the acid^ 
termed y and S indicates that these arc derived, certainly m t ^ 
case, from paraffin wax ; hut wlien turpentine is used it i^ pO'J’ 
that derivatives formed from this substance may also he proferi 
small amounts in those acids. 
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IX. Classification of A ckh formed in Oxidation Processes. 

For the sake of future reference we liave classified the acids 
isolated in this investigation into four groups, a to 8. We do not 
attempt to formulate any of these substances, since it is almost 
(-ertain that none of them is pure. The data given serve, as they 
liave served throughout this investigation, merely as a guide to the 
work we are carrying out. 

The o(* and -acids arc the main acidic products of air oxidation, 
and an inspection of the analytical data in Table IV, experiments 
P to H, shows that the composition of the mixture varies hut little 
from the mean values C — 73-3; H = 114; 0 — 15*2 per cent. 
This mixture is very insoluble in water or mixtures of water and 
alcohol, and shows a mean molecular weight of about 408. 

By the method we have described it has been found possible to 
separate this mixture into an acid (or acids) of low* molting jjoint 
and high molecular magnitude, which we have termed the x-acids, 
and those generally of higher melting point and smaller molecular 
weight, termed the fi-acids. The solid (i- and liquid y-acids of higher 
acid value arc the main acidic oxidation products when oxygen is 
employed. 

The y-acids are liquids slightly soluble in aqueous alcohol, and 
the 8-acids are soluble to a considerable extent in water, but the 
latter acids, isolated only in small amounts, have so far not been 
further investigated. 

There is no doubt that the a- and (i* acids, constituting 32 per cent, 
of the total oxidation mixture (Table V) w hen air is used, and the 
p-acids (with much smaller quantities of a-) forming 47 per cent, 
when oxygen is employed (Talde VI), are the most interesting 
acidic products of the reaction. It has been found possible to 
hsolate from these mixtures well-defined acids by means of the 
relative solubility of their lead salts in alcohol. By this means 
the a-acids have been further purified, and the fi-aoids have been 
separated into at least four constituents. 


X . Naiu re of U n ox id ised Hijdroca rbon s . 

[With Beoinald Henrv Covsh.] 

-The inert material which had been twice oxidised and the analyses 
of which are given in Table III, experiment 11, was separated by 
solution in acetone, and the resulting hydrocarbon purified bv 
distillation in a vacuum of 0-5 min, (see section VI, B). This hydro- 
carbon in the presence of o per cent, of turpentine was then treated 

T 2 
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as previously described, with a current of oxygen at 100^ 
the gas had passed for six hundred and seventy-two iiours, tlio 
analysis showed the presence of (i-4 per cent, of oxygen. Had the 
original paraffin wax been employed, the amount of oxygen in the 
resulting material would have been 18 per cent. 

We concluded that the previous treatments with air had freed 
the paraffin wax from most of its oxidisable constituents, and the 
resulting hydrocarbons were composed of materials which are 
either not oxidised by the treatment described or are oxidised onh- 
with a very small velocity. We attempted to isolate the oxidi^^ahi 
constituenls by a partial fractional di.stillation of the original 
paraffin wax in a vacuum of 0-5 ram. ; of the fractions obtained four 
were selected and treated with oxygen in the presence of 5 per cent, 
of turpentine at 100° under strictly comparable conditions. The data 
are given in Table VIII, where the percentage of oxygen is deter, 
mined by difference from carbon and hydrogen analyses. 


Table VIII. 


OHdation of Certain Fractions, from Paraffin ITn.r, with Oxup;. 
Temperature — 100°. 


Fraction. 

No. 1. 

No. 2. 

No. 3. 

No. 4, 

B. p. at 0-5 mm. 

170-180" 

190 200= 

205-220= 

llesidue, above 
232 . 

M. u. 

41-43 

51 52-5 

50'9--r)7-2 

64 04-7 

Mol. \vt. Ebullio- 
scopic method 

iising benzene. 

202 



423 

Duration of oxveen 

current in hours. 

M. p, %0. 

M. p. '"nO. 

M. j>. %0. 

M, |). 

12:1 

41 43" ^3 

48-5F 0-6 

.54-5 7= 2-9 

64-64-T^ 

268 

41-42 1-9 

41-45 5-3 

46 52 6-0 

02-65 Mi 


41-42 4-0 

38-46 12-2 

45-52 8-9 

01-64 H 

720 

36-10 4'5 

38-43 15-2 

44-51 12d) 

60-63 yi 


It will be seen from the abo\'e table that wiiereas the fraetion> 
used in the experiments boiling between 170° and 180°, and that 
above 232°, contain in the resulting material only between 3 and 
4-5 per cent, of oxygen, that boiling betw’een 190° and 200° contains 
15 per cent., and that between 205° and 220°, 12 per cent, of oxygen. 
We have no doubt that there is present in that fraction of wax which 
we found to distil hetw'een 190° and 220° the largest proportion oi 
those constituents of paraffin wax oxidisable by the method (?mploycd 
in this investigation. 

We regard these results as so satisfactory that wc are now engaged 
in. isolating the oxidisable hydrocarbons by a much more compile 
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fractional distillation of the paraflin wax in a vacuum of O-i— 0-15 
jnni. Besides being of great interest in themselves, such substances 
will serve as a more convenient material for the further investigation 
of the general problem. 

Our thanks are due to the University Colston Society for grants 
towards the oxfjerises of this work, and to the Department of 
Scientific and Industrial Research for assistance which enabled one 
of the authors (J. C. P.) to take part in the investigation. 

C'Ei h:MicAL Department, 
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]j\- The Formation and Stahility of ^ipiro-Compouiids. 
Part VII. The Application of the Dieckmann 
Peaciion to Esters of the Glutaric Series. 

By George Arm and Robert Kon. 

In Part IV of this series (Kon, T., 1921, 119, 810), it was pointed out 
tliat glutaric acid does not give rise to compounds of the c//c?ohutane 
.'series by Wislicenus’s or Dieckmann 's reactions, apparently because 
tlic acetic residues in this acid are too far apart to interact in the 
required manner. J t was shown that by introducing a ^em-grouping 
or i-ing into tlie chain in the fi-position it was possible to cause a 
convergence of the acetic residues {loc. cif., p. 812), and that acids 
substituted in this way could he made to undergo Wislicenus's 
reaction, although the cyclic ketones primarily formed were found 
to isomcrise to unsaturated ketones. 

The tendency to pass into a cyclic ketone wliieh a given acid 
should possess was expressed matliematically in the form of 
"formation numbers” by Dr. C. K. Ingold (sec his note to the 
authors paper, loc. ctL, p. 816), and it was shown that the acids 
studied formed a series connecting the glutaric with the adipic 
scries of dicarboxylic acids as regartls their tendency to pass into 
cyclic ketones. 

An attempt was made to establish a critical formation number ” 
for the production of cyclic ketones by the Wislicenus reaction, and 
it was concluded that this figure lay somewhere in the region 
between the figures 0‘43 (foi' glutaric acid) and 0’38 (for jB?-dimcthyl- 
glutaric acid); the critical '‘figure of instability,” on the other 
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hand, could not be ascertained because in all cases the cyclic ketutie 
underwent isomerisation. 

It appeared of great interest to study the application of another 
classical reaction to the same series of acids. This reaction is that 
elaborated by Dieckmann {Ber., 1894, 27, 102 ; Annalen, 1901, 317, 
27) and consists in the elimination of alcohol from the ester of a 
suitable dibasic acid : 


/r<u X 








The formation numbers of the ketonic esters are identical with 
those of the corresponding ketones [loc. cii., p. 818). The calcula- 
tion of their tigures of instability is attended with difficulty, hut 
it is plain on general grounds that they must show the same mutual 
relationship as those given for the ketones {loc. cit., p. 817), audit 
therefore follows that of the esters investigated it is the cj/r/ohexane 
compound which should be the most easily formed and the most 
stable. It may be stated at once that this conclusion is fully borne: 
out by experiment. 

The action of sodium on ethyl giutaratc has already been studied 
by Dieckmann himself {Annahn, 1901, 317, 27), who succeeded in 
obtaining a very small amount of oil insoluble in aqueous sodinui 
carbonate and giving a blue colour with alcoholic ferric chloride. 
He was unable to investigate it further or to obtain the expected 
c//c/obutaiione from it on hydrolysis. 

' Dieckmann’s experiments were therefore repeated, and extendti] 
to the esters of three other acids, namely, ^p..dimetliylgluiaric. 
cydopentanc-, and cyc/ohexane-diacetic acids, sodium and potasduii) 
being used as condensing agents under comparable conditions. 

The difference in the behaviour of the last-named three ester; 
from the first one was most marked. 

Ethyl giutaratc readily reacts with sodium or potassium, but on 
working up the product it is found that the substance fomed 
consists entirely of an extremely riscous gum, completely soluble 
in aqueous sodium hydrogen carbonate, although insoluble oti 
in ether and in water" So far all attempts to isolate a pure ceiu- 
pound from this substance have failed, 

The action of potassium (or sodium) on the other three ester;, 
on the other hand, gives rise to definite and well-charactoised 
products, and it will be shown later tliat their formation is origmaib 
due to the production of a cyclic kctonic ester. Such a ke onic 
esfer ha.s in no case been isolated, but in the experiments with etni 
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('fWoliexanediacetate it was possible to isolate the cyclic ketone 
(ierivcd from the ester by the loss (by hydrolysis) of a carbethoxyl 
(fi’oup, namely cyc^ohexanespiVocycJobutanone (I), the constitution 
of which is placed beyond doubt by its oxidation to cyclohexane- 1 - 
oiirhoxylic ‘1 *acetic acid (II). 

pxT <^CH2‘CH2Xrj<;;^CH2 

x('H.,‘CH2Nn<^CH2\p0 ^CH2*CH2\pxCH2‘C02H 

(I.) “ (II.) 


This remarkable substance is analogous to c?/cfohexane6j9irocyc?o- 
propanone, which was obtained in the form of its semicarbazone by 
Beeslcy, Ingold, and Thorpe (T., 1915, 107, 1080). The quantity 
prepared by them was, unfortunately, too small to allow the isolation 
of the ketone itself. 

The yield of the new ketone is also very poor, barely reaching 
1 percent, of the theoretical, and it has therefore only been possible 
to study tlie most important properties of the substance. 

The ketone is saturated, being quite stable to neutral perman- 
ganate, and is only slowly attacked by the alkaline reagent in the 
told. 

The optical properties of the substance were determined, and it 
was found that there Avas a marked exaltation in the molecular 
refratdion (-f 0‘77) and also in the dispersion. A similar exaltation 
due to the presence of the cyc^obutanc ring is observed in the isomeric 
nopiiionc (III) ( f- 0*57) (Ocstling, T., 1912, 101, 457); the increase 
is not, howcA’er, as great as in the case of sabina ketone (IV), which 
contains a cyc/oproiiane ring (-L 0'96) (Wallach, Annalen, 1907, 
359, 295). 


HC cileg (JO 

(in.) 


Me^CH-O CO 

(IV.) 


In addition to the ketone (I) and unchanged cycMiexaiiediacetic 
ester, as well as cyc^ohexanediacetic acid resulting from the hydro- 
lysis of the ester, a solid diketone, CioH^^Og, is formed in con- 
siderable amount. This substance is acid in character, and gives 
a deep Auolet coloration Avith alcoholic ferric chloride, AAdiich at first 
led to the belief that it AA*as a 1 ; 3- diketone, but further investigation 
shoAved that the ketone groujis were in the 1 : 2-position to one 
another. Like all 1 : 2-diketones, the substance is quantitatively 
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oxidised by alkaline hydrogen peroxide, the product being 
hexane-l : l^diacetic acid. From this follows the constitution 
the diketone, which must be cyc?ohexanc6_pi>ocyc^opcntane-3 ; 


CH,<, 


rtxj .niT 


CHo-CO 




The parent member of this group of diketones, cyo^opentane 
1 : 2-dionc (VI}, has already been studied by Dieckmaim (Bff 
11102, 35, 3201), wlio showed that it is a tautomeric substance of 
the keto-enol type and reacts in accordance A^itli the formula (Vllj 


0H2< 


CT^CO 

CH^-CO 

(VI.) 


t:H.< 


CII^C'OH 

CHg-CO 


(VIT.) 


when it is treated with reagents for the hydroxyl group, The 
cyc/ohexane compound appears to be analogous in every way, and 
has been characterised by the formation of derivatives. 

The formation of the diketone can only be explained by assuming 
that the original cyc/obutane-ester undergoes fission by reduction 
in the strongly reducing medium in which it is formed, with the 
production of an aldehyde-ester from which alcohol is immediately 
eliminated with the formation of a diketoiie : 


>cC 


CH, ^ 


N.p^cn2-CHO 


>^.<CHyC0 

('H./C0 


The process thus someA\'hat resembles the formation of benzoiit 
from two molecules of benzaldchydc. It is, however, distinctly 
unusual, and experiments have been undertaken in order to shed 
further light on the subject. It is hoped that by using other 
condensing agents such as sodamide or sodium cthoxidc, ring closure 
may be ctlecied in a medium not tending to reduce the cyclic com- 
pounds formed. 

When fiS-dimcthylglutaric estru’ was subjected to the action of 
sodium or potassium, the course of the reaction was found to he 
similar, but with important differences. In the first place, no 
trace of 1 : I-dimethylcycZobutanone could bo detected amongJi 
the neutral products of the reaction, in spite of the most e.Khaustive 
search. In the second place, the yield of enolic material was very 
much smaller, amounting only to some 12- 15 per cent, of the 
theoretical. There can be little doubt that these differences are 
due to the smaller tendency on the part of p - dim ethylglutaric ester 
to 'pa.ss into the kctnnic ester from which the other compounds arp 
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derived, and to the greater instability of the cycZobutaiie ring in this 
case; this is entirely in accordance with the predictions based on 
Bcesley, Ingold, and Thorpe's hypothesis. 

The diketone formed from fifi-dimothylglutaric ester is in every 
way analogous to the c^c/ohexane compound described above ; it 
is identical with 1 : l-dimethylcyc7opentano-3 : 4-dione, which has 
already been obtained by Thorpe (T., 1911, 99, 2010} from methyl 
diketortpocamphorate. 

It was thought necessary to make certain that the pos.sibie 
formation of 1 : 1-dimethylepeiobutanone was not overlooked on 
account of its boiling point, which should not be very different from 
that of xylene, which is used as solvent in this reaction, and w^ould 
reiuler its separation a matter of difficulty. It was therefore 
decided to investigate the behaviour of rycfopentanediacetic ester 
towards potassium. 

Xow the formation numbers for ketones (or ketonic esters) from 
this ester and p|3-dimethylglutaric ester are almost identical, but 
the ,spiroketone should boil at a considerably higher temperature 
and sdiould be isolable without difficulty. It is therefore very 
significant that no trace of such a compaiind was found in the 
neutral portion of the reaction miNture, A semicar ba zone was 
isolated from thi.s fraction, but analysis showed that it has the 
formula corresponding with a ketone, (IX), 

and this was doubtless derived from tlic di ketone (\MIJ ) by reduction, 
thus ; 


CHyCH^ ^C'Ho-CO ^CHpCO 

(VIIL) “ " “ (IX.) 

cyc/oPentane,'?p/>oe//c;/opentane-3 : 4-dione (VIIT) was isolated 
from the oil insoluble in sodium hydrogen carbonate solution but 
.voluhh3 in acfueous potassium hydroxide. The yield of this substance 
was larger than that of the corresponding dimethyl compound, but 
smaller than that obtained from eyc/ohcxajiediacct ic ester. The 
new diketonc is in every w'ay analogous to its higlier honiologue, 
and has been characterised l)y the formation of derivatives. 

Irom the above results it is clear that the epe?obutane ring is only 
able to survive the experimental conditions. of the Dieckmajiii 
reaction when it is combined with a cyc/ohcxanc ring, as shown by 
the fact that cyc/ohexane-sp?rocyc/ol)iitanone is the only cyc/obutane 
coiiipourid isolated in the present investigation ; in the other cases 
the fission of the cyc^obutane rin^ with the subsequent formation 
of a cycfobutaiie ring proceeds to completion. This result is clearly 
■in exact agreement with the theoretical conclusion expressed above. 
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With regard to the critical formation number, it is felt ihaj 
definite conclusions cannot be drawn at present. The yields of 
material traceable to the formation of a cyclohuime ring, in 
three cases where it has been demonstrated, clearly accord Mith tin* 
predictions based on theoretical figures ; but the fact that no sach 
compounds were obtained from glutaric ester is ^eiy probably dup 
to another cause altogether. The product, in this case, is obviously 
of high molecular weight and may be derived from the inlcraction 
of two or more molecules of glutaric ester. Such a reaction may 
depend on the fact that the fi-carbon atom is not substituted anil 
can participate in the condensation, whilst this is clearly impossible 
when the p-carbon atom is {luaternary. Further experiments \vili 
therefore be necessary to elucidate the point. 


E X P E E T M E N T A L. 

The method used in carrying out the experiments with sodium 
as follows, 

Sodium (9 grams) is melted under dry xylene {50 c.c.) and pal. 
verised by violent shaking. The ester (0'2 grain-niol,} is added to 
the hot mixture, and the flask, provided with a short air- condenser, 
is heated in an oil-bath maintained at about 150'’ for tbrcc-quarteK 
of an hour. The sodium gradually dissolves and a brown or red 
jelly fills the flask, Frequent shaking is necessary to prevent luoil 
overheating, leading to decomposition, and it is necessary to add 
another 25 c.c. of xylene after tu'enty to thirty minutes to prevent 
the mass from becoming too solid. When cold, the reaction mixtuE 
is decomposed with ice and ice-cold dilute sulphuric acid, which 
are added with constant shaking; the products of five such opera- 
tions are combined, The acid aqueous layer is separated from the 
xylene solution and extracted once with ether, wdnch is then added 
to the xylene solution. After washing once wnth water, tlii< 
solution is thoroughly extracted with aqueous sodium hydrogen 
carbonate (extract.^), then twice with ice-cold 15 per cent. aqueoiH- 
potassium hydroxide (extract B). 

After w’ashing with water and drying over anhydrous sodium 
sulphate, the ether-xylene solution can he fractionated witlu 
column ; it contains the neutral products of the reaction (mmm} 
unchanged starting-material). i • • 1 

Extract A yields on acidification a certain quantity of the origma^ 
substituted glutaric acid, which can be recovered; it colltaln^ 
practically none of the diketone. , , 

Extract B, or ‘'quasi-acid” fraction, is freed , 

neutral substances by extraction with ether, and acidified m 
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hvdrochloric acid, a rise of temperature being prevented by adding 
ICC to the solution. The precipitated oil, consisting of a diketonc 
and the acid-ester of the corresponding glutaric acid in about equal 
proportions, is taken up in ether, the solution waslied with aqueous 
Sodium hydrogen carbonate, dried, and evaporated. The diketone 
can then be isolated by distillation under reduced prc.ssure or by 
conversion into the seinicarbazone. 

The condensation with potassium is carried out in the same 
manner, but owing to the very vigorous reaction w'hich takes place 
it is necessary to allow the “ molecular potassium, to which the 
requisite additional amount of xylene has been added, to cool 
completely before the ester is added. The reaction takes place 
without heating and may become very violent. \’igorous shaking 
is necessary at this stage, and a fairly long air- condenser should be 
asod to prevent loss. The whole operation occupies a few minutes 
Diily, An alternati^'c method consists in gradually adding the 
;‘ster to the hot potassium with constant shaking. The method of 
working up is the same as with sodium. 

There appears to be but little difference in the yields obtained by 
[lie two methods, with a slight balance in favour of potassium, 
riie latter is, however, very much more convenient to use, as the 
long and tedious process of beating the reaction mixture becomes 
iinneee.ssary. 


(I) Ethyl Oluiarale. 

Potassium was used iu these experiments. This ester reacts 
completely, but the product is totally different in character from 
:liat produced from the other esters investigated. 

In tlie first place, on adding ice and dilute .sulphuric acid to the 
■eaction product it is found that an almost black, gummy material 
s precipitated, which is almost insoluble both in the aqueous 
ind the xy lone-ether layers. It is, however, completely soluble in 
iqueoms sodium hydrogen carl)oiiate, and it is found that, after 
.reatment with the latter, the ethereal .solution consists entirely of 
itiier and xylene, and leaves ahuost no residue on distillation. 

The sodium hydrogen carbonate solution, on acidification, yields 
he gum unchanged, and so far all attempts to isolate a pure sub- 
tance from this have been fniiticss, as it could not he induced to 
oiidify and decomposed when distilled under reduced pressure 
1- mm.); it gave an intense colour with alcoholic ferric chloride. 

attempt was made to estcrify it with alcohol and sulphuric acid 
^ the cold in the hope of obtaining an ester (or ether) which could 
distilled, A small amount of distillate was actually obtained, 
►oiling at about mm, and still giving a colour witli feme 

2 
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chloride, but the analysis gave no clue to its constitiUion (Fomul; 

C = 65'82; H = 8‘12 per cent.); the high boiling point indicates 
beyond doubt that it has a high molecular weight. The substance 
is probably produced by the interaction of two or more molecules 
of glutaric ester, and cannot be analogous to the ketonic compounds 
obtained from other esters of this series. 

The presence of cyclohuUnone in the neutral fraction could not 
be demonstrated in spite of a careful search. 

(II) Ethyl cydoHexaneA : \-diacetaie. 

The yields obtained from 1 gram-mol. of this ester Avith potassium 
were usually c?/cIohexancdiacetic acid, and its ester, 35 grams and 
50 grams, respectively, and quasi-acid fraction (crude), 70-75 grams, 
When the condensations Avere carried out Avith sodium, it \va< 
found that some of the sodium Avas left unchanged, and the quantiiy 
of sodium had, therefore, to be reduced (from 0 to 7 grams for Oi 
gram-mol). The yields of quasi-acid fraction were corresponding)'; 
small, 

holalion of cycloHexanesi^ivocydobidane-^-one (1).— This ketone 
occurs in varying, although ahvays small, amounts in the neutral 
portion of the reaction product. The fraction boiling betAveen K>iV 
and 250“ is treated AAuth semicarbazide acetate in alcoholic solution 
and allowed to stand. The mixture is diluted with Avatcr after 
tAventy-four liours, the dilution usually causing the separation of a 
certain amount of xylene. As the semicarhazone is appreeiably 
soluble in xylene, light petroleum (b. p. 40—60“) is added at ihi. 
stage to prevent loss from this cause. The yield of semiearbazorA' 
obtained in this Avay rarely exceeds 1 gram, and in a Icav experi- 
ments much less was obtained. The best yield is about 1 percent. 

of the theoretical. _ 

The semiembazone crystallises from dilute alcohol m simhl needle 
melting at 204“ (Tound : Q 61*46 ; H - 8-82 ; A' = -1 
C,„H„ 0 N 3 requires C = 61'51 ; H = 8'77 ; N = 21'53 per cenl. 

Tlie ketone was regenerated from the semicarhazone hy boii% 
with aqueous oxalic acid in a current of steam, and was isolatfd 
from the distillate l)y means of etlier. It is a perfectly colomte-. 
mobile liquid, with a characteristic camphoraceous odour, ami wr 
at 208° /751 mm. (thermometer in vapour up to 100 ; F 
naphthalene boiled at 213'5° under the same conditions) (loiiw. 
C ^ 78'OG ; II = 10 - 12 . C 9 H 14 O requires C = 78'20; H 

percent.). ■ noriOiai 

Soon after distillation the density was found topje U'Jom 
20 7°. Two days later it was 0'90220, and the refractne 
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Jt'tonnined at the same time were : = 1 -46858 ; -- 1‘47113 ; 

;,^. = l-47736; Hence [Ri Jo = 40-14 ; [rJ,^-^1156, 

and [RlIf-c - ^’^4, the calculated values being 39’37, 0-99, and O'OO 
respectively. All the values thus show considerable exaltation, 
eomparablo with those found by Oestling [loc, cit.) for riopinone 
and by Wallach for sabina ketone. 

The stability of the ketone towards 1 per cent, aqueous per- 
lUHUganate is considerable, the neutral reagent being scarcely 
affected for some hours; in the presence of sodium carbonate 
reduction takes place in about three-quarters of an hour. When 
lunled in alcoholic solution with p-nitrophenylhydrazine, the ketone 
readilv gives a \i'nitropktnylhydrazone , forming stout, orange needles 
lucltiug at 137^138^ after two crystallisations from dilute alcohol 
(Found: X — 15-70. Cj-Hj/loNg requires N — 15'37 per cent.). 

The constitution of the ketone was confirmed by oxidation. 
When the ketone was dropped into hot dilute nitric acid (d 1’2), 
the action was sluggish, and a little concentrated acid was therefore 
added. The action then proceeded briskly and w-as complete in 
a few minutes. On evaporating the acid liquor, an oily re.sidue 
was obtained, which soon solidified on .scratching and formed 
featliery aggregates of prisms molting at 132^ after two crystal- 
lisations from dilute hydrochloric acid. The substance produced 
ill this way was found to be identical with eyc/ohexane-l-carboxylic- 
1-aoetic acid (II) by direct comparison (mixed melting point) 
witfi Xorris and Thorpes specimen* (T., 1021, 119, 1199) and by 
analysis (Found : 0 — 57-84; H — 7-52. Calc., 0 =: 58'04; 

H — 7-o8 per cent.). 

Enmhiation of the Quasi-acid Fraction. — The enolic oil obtained 
from the extract B ns described on p. 518 boils for the most part 
between 160^ and 175"^ /20 mm.,aUhough a considerable fraction is 
obtained in the neighbourhood of 200°/20 mm. The lower fraction, 
on cooling, partly solidifies to a mass of eoIourlcs.s needles, which 
can be isolated by draining on porous porcelain ; the pure substance 
boils at 158 — 159^/11 mm.; the yield is 20 — 25 per cent, of the 
theoretical. 

The substance can be recrystallised from a small amount of light 
petroleum (b. p. 40— 50^) ; it is extremely soluble in other organic 
solvents, but almost insoluble in water. The compound separates 
from a concentrated .solution in light petroleum in long needles 
melting at 67®, but if it is allowed to separate slowly from a more 
dilute solution, it forms thick, transparent, twinned cry.stals, 

* Ihe imeltmg point of tfiis aubsfauoo is given [he. cit.) us 134% but it 
^a:a found to melt ut 1.32® witli tiio same tliennorneter and under the same 
coiiduiuris as the above. 
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belonging to a biaxial system. This compound is cyclo/ie.tY^^f 
spirocyclopfi?i/GE?iC'3 : 4i-dione. (V) (Found : C = 72 30 ; H = 
C 10 H 14 O 2 requires C - 72*25; H = 8*49 per cent.). 

The diketone gives an intense violet coloration with ferric chloiide 
in alcoholic solution. It is soluble in alkalis, forming a deep rt,] 
solution, is only partly soluble in alkali carbonates, and does noi 
effervesce with a solution of sodium hydrogen carbonate. "Wiiij 
semicarbazide acetate in excess, it forms an extremely insoluble 
disemkarbazone, which melts and decomposes suddenly at 
This substance is sufficiently soluble in hot acetic acid to be recrys- 
talliscd from that solvent, and separates in small, colourles.s prbk 
on cooling. It then melts and decomposes at 241°; the cause o{ 
the lowering of the melting point lias not been ascertained. Itr 
most purposes, the compound is best purilied by boiling with alcohol 
(Found ! C — 51 '29; II — /'27 : ^ — 30 15. b' 12 ^ 20 ^ 2^6 
C- 51-39; H-^7-21; N ~ 29-98 per cent,). 

The hydrolysis of this disemicarbazone presents considcrahle 
difficulties. Acpieous oxalic acid has but little action owing to the 
sparing solubility of the compound, whereas mineral acids, especially 
when moderately concentrated, lead to the formation of a compound, 
G Hj-ONj, wffiich resists further hydrolysis. Five to 10 per ccni. 
aqueous sulphuric acid is the best hydrolytic agent found up to 
the present and allows a fair yield of the pure diketone to h 
obtained from the disemicarbazone. The diketono can then ht 
isolated by distillation in a current of steam and extraction of the 
distillate with other. 

As already mentioned, the use of concentrated mineral acih 
leads to tlie production of a compound, which s 

always formed to a certain extent in the hydrolysis of the dkuii. 
carbazone and crystallises out on cooling the acid mixture. Tlicie 
is little doubt that this compound is analogous to the triMiiie 
obtained by Thiele and Stange {Annalcn, 1894, 283, 27) fromheuii 
and semicarbazide, and has the constitution 



It forms buff needles when crystallised from acetic acid, Jid 
decomposes at 295°: it is very sparingly soluble in other 
solvents (Found : C = 04-47 ; H - 7-32 ; Is - 20-60. 
requires € — 64-30; H — 7*35; X — 20'47 per cent.), i 
pound is soluble in sodium hy'droxide solution and dissoh(^''i 
a deep orange colour in concentrated sulphuric acid. 

With ^-nitrophcnylhydrazine the diketonc forms a beau 
scarlet osazone, which decom])oses at 275 and is vei}’ 
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< juble ill organic solvents. It gives an intense crimson 

^•oloration with concentrated sulphuric acid {Found: C— 60-63; 
H 1 5'76. C 2 . 2 H 24 O 4 N 6 requires C - 60*51 ; H - 5*55 per cent.). 

0 phenylencdiamine readily condenses when warmed with the 
(liketonc in alcoholic solution for a few minutes. The quinoxaline 

.lerivative, crystallises from dilute 

alcohol in beautiful, silky, flattened needles melting at 90—100" 
' 1 retaining a buff tint even on repeated crystallisation (Found : 
G^80--16; H=-7-77. i*cquires C- 80*63; N = 7'60 


per cent.). 
Am finih 


C,Hi„>C< 


CH=C-OH 

CHj-CINPh, 


is also readily obtained and 


melts at 106"; it forms lustrous, colourless, needles from dilute 
alcohol (Found: 0 - 79*20; H - 8*08. Oi«HigON requires 


0 ^ 79*60; H 7-96 per cent.). 

The benzoyl derivative, was prepared 


by warming the diketone in ethereal solution with benzoyl chloride 
and ijyridine. It crystallises from light petroleum (b. p. 40 — 50") 
in spherical clirsiers of colourless needles melting at 69—70" 
(Found : 0 = 75*46; H ~ 6'9/. ^ requiies C /5 51 , 


H = 6-70 per cent.). 

The constitution of the diketone was finally confirmed by oxida- 
tion. The diketone ( 0*5 gram) was dissolved in 10 c.c. of 10 per 
cent, aqueous sodium carbonate, and 25 c.c, of 6 per cent, hydrogen 
])croxide were added. A brisk evolution of gas soon occurred and 
the liquid became warm. It was acidified after about two hours, 
when a crystalline acid was precipitated ; a further crop was 
obtained by extracting the mother-liquors with ether. The acid 
was identified as cyc/ohexano -1 : 1 -diacetie acid by direct com- 
pari.son (mixed melting point) and by analysis (Found : C = 60*08 ; 
H - 8-08. Calc., C = 59*98 ; H — 8*05 per cent.). 

In addition to the diketone melting at 67" there is another enolic 
substance which is present in small quantity in the original extract 
B. It is found in the fraction of higher boiling point (about 
lS0"/20 mm.) and partly separate.^ in the solid state. The solid can 
be crystallised from a mixture of ether and light petroleum (b. p. 
10—50") and is obtained in small, colourless jilates melting at 
135- 136". It develops an intense violet coloration with alcoholic 
ferric chloride ; its composition corresponds with the formula 
Ci.HjA (Found: C- 73*92; H = 9*33. Calc., 0 - 74*20; 
H — 9*33 per cent,), but the constitution of the substance has not 


yet been elucidated. 
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The less volatile oil obtained from the quasi- acid fraction consists 
of the acid-ester of c^cZohexanediacetic acid, although a little of the 
diketone is still present, as shown by the somewhat high percentage 
of carbon found on analysis {Pound: C=64T3; H ::r 
Ci 2 Hi,o 04 requires C = 63'12; H = 8*85 per cent.). It yiei^i^ 
cycfohexanediacetic acid on hydroly.sis. 

(Ill) Ethyl ^';i-Dioieikylglu(amle. 

Potassium was almost exclusively used as a condensing agent 
The yields were p|3-diniothylglutaric acid * and its ester, 30 grams; 
and 52 grams respectively, and quasi -acid fraction, 16 grams 
In spite of the most searching investigation, the formation of 
I ; I-dimethylcycIobutane-2-one could not be demonstrated. 

Examinatioyi of the Qmisi-acid Fraction. — As far as could Lc 
ascertained, only one substance occurs in this fraction; it is best 
separated in the form of its sparingly soluble disemicarb(i:onF^ 
which is readily formed under the ordinary conditions. It is a 
microcrystalline powder decornpo.sing at 257^ with previous darken- 
ing; crystallisation from acetic acid lowers the decomposition point 
to 251^ (compare p. 522) (Found : C = 45-04 ; H ^ 6-80, 
requires C ^ 44-98; X = 6-71 per cent.). 

This disemicarbazone is more readily hydrolysed than the corre- 
spending cyc/ohexane compound, and a 60 per cent, yield of pure 
1 ; l-diniethylcyc/opcntane-3 : 4-dione is easily obtained from it by 
means of an excess of 10 per cent, aqueous ,sul])huric acid. The 
yield of diketone appears to be barely 8 per cent, of the theoretical, 
The diketone is isolated by distillation in a current of steam and 
can be extracted from the distillate, previously saturated with 
ammonium sulphate, by means of ether. On removing the solvent, 
the diketone usually remains in the superfused state, but it can 
be made to crystallise immediately on introducing a crystal of the 
solid. It crystallises beautifully from light petroleum {b. p. 40-oF) 
in large plates resembling mica and melting at 45^ identical with 
the substance obtained by Thorpe {be. cit.) from methyl diketoape* 
camphorate by hydrolysis (mixed melting point) (Found : C == 66-3-; 
H = 7-97. Calc., C = 66-61 : H 7*93 per cent.). The diketone 
gives a deep purplish-red colour with fei-ric chloride and is appreci- 
ably soluble in water. 

The quinoxaline derivative, is readily- 

formed by warming 0*3 gram of the diketone in alcoholic solution 
with an equal weight of o-phcnyle‘nediamine for a few' minuter, 

' * Some of the acid is lost owing to its great solubility in water. 
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the alcohol being alloAved to evaporate off on the steam-batli. 
On scratching, the mass solidifies. The product, crystallised from 
lihitc alcohol, forms magnificent, flattened needles, m. p. 123*5^ 
IkouiuI; C^78‘8l; H = 7T4. requires 78*73 ; 

H = 7‘12 per cent.). 

The constitution of the dikelone Avas confirmed by oxidation as 
in the case of the cydohexane compound. The acid, obtained in 

intitative yield by the action of hydrogen peroxide in alkaline 
!!ohit ion, melted at lOr and Ava.s proved to be fifi.dimothylglutaric 
Ickl bv direct comparison (mixed melting point) Avith a genuine 
specimen and by analysis (Found : C = 52 49 ; H ^ 7-52. Calc., 
C 52-47; H ^ 7'56 per cent,). 

(IV) Ethyl cydoPenianediaceiale. 

This ester, prepared by estcrifying the acid A\'ith alcohol and 
sulphuric acid, is a colourless liquid boiling at 157— 158" /16 mm. 

C- 64-29; H -- 9-09. requires C = 64-13 ; 

H -- 9-13 per cent.). 

The yields obdained from 1 gram-mol. of the ester, by interaction 
wWh potassium, Avere cyc/opentancdiacctic acid and its ester, 
:in gi-ams and 55 grams respectively, and the quasi-acid fraction 
(cnidc), 54 grams. 

The neutral fraction Avas carefully searched for the presence of a 
ketone, but this has not, up to the present, been detected. 

It Avas invariably found, hoAvever, that the acid diklone Avas not 
completely extracted by treatment Avith potassium liydroxide, and 
the neutral fraction still gave a faint coloration Avith ferric chloride. 
On prolonged standing AA'ith alcoholic semicarbazide acetate, a little 
of the disemicarbazone (decoiup. 252' ; see p. 526) was obtained. 
Ill addition to this, a semicar ba zone soluble in alcohol AA as also 
iiroduced. It Avas purified by crystallisation from dilute alcohol 
and formed stout, transparent crystals decomposing Avithout darken- 
ing at 183 — 184*^ (Found : 0 = 5G'43 ; H ~ 8-20; N = 20-22. 

requires C = 56-85; H ^ 8*10; X = 19-94 per cent.). 
It ajipears probable that the corresponding ketone has the constitu- 
tion IX. 

Examination of ihe Qua,‘<i-acid Fraction --This fraction consists 
of efpial quantities of the acid ester * and the diketone VIII, which 
boils for the most part at 14S'’,T3 mm. and immediately solidifies 
on cooling; the yield is about 18 per cent, of the theoretical. It 
can be purified by crystaUtsation from light petroleum (b. p. 
50'), in Avhich it is somcAvKat sparingly soluble. From this 
* Tills was confirmed iiy liydrolysis to c^c^opentanediacetic acid. 
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solvent it separates in fine, sparkling plates melting at ll()-|jp, 
The compound is cyelo;pentoftespirocyclope?itone-3 : i-dione (Found : 
C = 71-03 ; H -- 7-81. CgHigOg requires 0 = 71*00 ; H ^ 
per cent.). In alcoholic solution it gives an intense dark red colour 
with ferric chloride. 

The dmmkarbazone is a microcrystalline powder almost insolutl, 
in alcohol, and decom])oses at 252^ (Found : C = 49-10 ; H G’OO, 
requires C = 49 t)0; II = 6-80 per cent.) 

The quiiioxahnc derivative, 

readily formed by the usual method, but is somewhat ditticuH to 
purify. It separates from dilute alcohol in buff needles and melts 
at 95—96° (Found: 0 = 79-84; H = 7-19. requires 

C = 80-32 ; H - 7-19 per cent.). 

In conclusion, the author’s best thanks are due to Professor 
J. F. Thorpe, F.R.S., for his kind interest in the progress of the 
investigation. 

Imperial College or Science and Tkchxologa', 

South Ken.sington. [Received, Fehruarij VMh, 11)22/ 


LXT . — Th e Diniirotohiidines, 

Fy Oscar Lisr.n Brady, James Nelson Edmund D.\y, and 
William Joseph Woodgate Rot.t. 

During the course of earlier investigations on the synthe.<isjif 
2 : 3 : 6-trinitrotoluene (Brady and Taylor, T., 1920, 117, 8?)i 
and of 3 : 4-dmitrotoluene (Brady and Williams, ibid., p. IhU. 
a marked difference was observed in the behaviour of some of tlit 
dinitrotoluidines on dia/.oiisation and on oxidation with mono- 
pcrsulphuric acid, depending, apparently, on the relative poatioiis 
of the groups. This seemed to offer an opportunity for the dm} 
of the effect of the jiosition and number of other substituents oii 
the reactivity, apart from mobility, of the amino-group m tu 
benzene ring. The present paper is an account of preliniimu 
preparative work. Sixteen dinitrotoluidines should 
these, eleven have been described, and two others haAo 
prepared by other workers, although their results have 
been published. Three, therefore, remained, namely, 
dinitro-m-toluidine, 4 : 5-dinitro-m-toluidine, and 5 : 
toluidine. An attempt has been made to prepare tlicse 
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compounds in order that a complete series should be available for 
further investigation; a certain amount of interest also was 
attached to the fact that in no case had as many as sixteen position* 
isomcrkles been obtained in beuzenoid compounds. It might be 
expected that the nitration of 5-nitroaccto-w-toluidide would give 
a mixture of the acetyl derivatives of the required compounds from 
ivliich the amines could be obtained by hydrolysis. 



XHAc 


It has been found, however, tliat only the last two compounds 
are formed or if any 2 : 5-dinitroaceto-?n-toluidide is produced it 
is only in very small quantities. It is remarkable that the presence 
or absence of sulphuric acid in the nitration has very great influence 
oil the position taken up by the entering nitro-group. If a solution 
of 5-iiitroaceto-??i-toluidide in concentrated sulphuric acid is added 
to nitric acid or if the solid acetyl compound is added to a mixture 
of nitric and sulphuric acids, 5 : 6-dinitroaccto-'m-toluidide will 
form the bulk of the product, hut if the acetyl compound is added 
directly to fuming nitric acid, i ; 5-dinitroaccto-??i-to]uidide will 
preponderate. The mixtures liave been separated by fractional 
crv^stallisation of the acetyl derivatives and of the amines from 
various solvents, and careful search ha.s been made for the third 
isumeride. The compounds obtained have been oriented by 
conversion into the corre.sp ending diuitrotoluenes through the 
diazo-reactiori. The method of })reparation of the starting- 
material, 5-uitroaecto-m-toluidide, may be summarised: aeeto-p- 
toluidide — > 3 : o-dinitroaceto-p-toluidide 3 : j-dinitro-p- 
toluidine 3 ; 5-dinitrotoluenc o-nitro-m-toluidine 
5-nitroaceto-w-toluidide. Tlieso operations were somewhat 
laborious, and a considerable amount of study has been given to 
the various stages and certain improvements of method introduced. 


E X P E U I M E X T A L, 

o-yiin-m~h{mdinc.~Thc starting-material for the ])reparatioii 
this compound was aceto-p-toluidide, from which 3 : o-dinilro- 
MoJuidme ivas obtained by a modification of the methods of 
^eilstem and Kuhiberg (Amwlen, 1871, 158, 341) and Jackson 

nit r 1®- *''>■ It inadvisable to 

i)) fl! ^ l^^^intitics at a time, as tarry products are then formed 
^ su sequent hydrolysis owing to difficulty in washing a large 
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amount of precipitate; so 20-gram quantities were emplovt>f| 
Twenty grams of accto-p-toluidide were added in small portiou^ 
at a time during thirty minutes to 200 c.c. of commercial fuiuijio 
nitric acid ko])! below 15'^. Jackson and Ittner used a smaller 
amount of acid distilled from equimolccular quantities of potassiiim 
nitrate and concent rated sulphuric acid, but a special acid is 
necessary. The solid dissolved at once with considerable evolution 
of heat. When all had been added, the solution was poured into 
a large amount of well-stirred iee water, and the precipitatofl 
3 : 5-dinitroaceto-y-tohiidide filtered off at once and thoroughly 
washed with water. Rapid filtration and thorough washing wen 
imperative, as the clinitroacetotoluididc was very readily hydrolysed 
by the dilute nitric acid and the amine formed was acted on bv 
the nitrous acid also present, ^v■ilh (he production of tarry product 
The use of a larger quantity of nitric acid than that given resultol 
in a great diminution of yield. The washed precipitate was freed 
from water as much as possiblt' hy the aid of the pump and hydro- 
lysed by heating with a mixture of 50 c.c. of concentrated sulphurio 
acid and 50 c.c. of water for an hour' (.)n the w’alor-bath. The pale 
yellow acetyl comjjouod suspended in the liquid was replaced bv 
the deep yellow^ amine, whiclr, after cooling, was filtered throu»li 
gla.ss wool, washed with a small quantity of 50 per cent, sulphuric 
acid, then with water, and dried. This method of hydrolyds is 
preferable to that of Jackson and Ittner, wlio use a more dilute 
acid at its boiling ])oint and dilute some\vhat before fiKering; any 
mono-nitrotoluidine pre.sent is soluble in llic stronger acid, but 
there is some danger of it.s being preeipitaled if a more dilute one 
is used. Bcilstein and Kiihlberg s met hurl witli alcoholic potassium 
liydroxide never gives so clean a product nor so good a yield. The 
3 : o-dinitro-p-toluidine obtainetl was almost purr' and melted at 
165 — 108^; the yield was 54 per cent, of the calculated quantity, 
Attempts to improve the yield by nitrating in acetic acid solution 
were not successful, as oily products w’ere obtained. 

3 : 5-.I)initrotolucnc was prepared from 3 ; 5-dinitro-p-toluidmi‘ 
by diazotising in boiling alcoholic solution by the metliod of Cohen 
and McCandlish {T., 11)05, 87, 1270). The yield wms only 80 per 
cent, of that calculated, although Cohen and ^IcCandlish claim 
that they obtained almost quantitative results. WTieeler (Two. 
Chm. J., 1910, 44, 144), however, u.sing a similar method, claims 
but a 70 per cent, yield. 3 ; 5-Dinit rotoluene is best purified from 
the traces of tar'ry material formed during the diazotisation by 
heating on tlic water-bath for thirty minutes with 70 per cent, 
nitric acid, pouring into water, drying the precipitate, and 
crystallising from benzene and light petroleum. 
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The reduction of 3 : o-dinitrotoluenc to 5-nitro-w2-loluidinc has 
been described by :N^cvile and Winther [Ber., 1882, 15, 2985), but 
they did not obtain very good results. The following method 
.rave an 80 per cent, yield of an almost pure compound. Teti grams 
of 3 : 5 -diaitrotoIuene were dissoived in 100 c.c. of alcohol, and 
(io c.c. of ammonium sulphide (15 per cent.) added. The mixture 
was boiled for an hour imder reflux, the hot solution filtered, diluted 
with a largo volume of water, and the precipitate obtained was 
extracted with boiling hydrochloric acid repeatedly until the 
I'xtraet no longer gave a precipitate vvith ammonia. The extracts 
were cooled, and the o-nitro-m-toluidine precipitated by the 
addition of ammonia. 

Imder careful working conditions there sliniild be no great 
difficulty in obtaining a 30 per cent, yield of this compound cal- 
culated on the accto-p-toliiididc employed, although a large number 
of operations are necessary to obtain any quantity of material, 
as working with large amounts doc.s not result in proportionate 
yields and the products are often far less pure. As we had to gain 
experience, our total yield over a large numlier of experiments was 
20 per cent. 

:>-X{troac{'fo-i-iUoluidide.-~yixQ gram.s of f-nitro-w-toluidine were 
added to 30 grams of cold acetic anhydride, when a x’igorous 
reaction took place and the mixture became almost solid. The 
mixture was warmed until complete solution occurred, and was 
then left to cool slowly. The 5-nit roaeeto-m-toluidide crystallised 
out, very little remaining in solution. After ftltering and drying, 
it could be cr 3 xstalUsed from benzene, from whieli it separated as a 
white, microcrystalline powder melting at 187' (hound : X = 14'2. 

^ 1 'cquire.s X" — 14‘4 per cent.). The crude compound was 

almost pure and was used without recrvslallisation. 

itrution of 5-^1 ‘}iroac(^(o-iu-loluidi(Ie , — Tiirce metliods of nitration 
were investigated, as conditions of nitration frequently alter the 
re!ati\e amounts of the isomerides formed, Xot more than 5 grams 
of material were nitrated at one time, several nitrations being done 
ill eacli ca,se and the products work('d up together. 

(1) hive grams of .>nitroaceto-?n-toIiii(lidc were dissolved in 
.^mali portions at a time in 25 c.c. of concentrated suiphuric acid, 
cooled in ice, and the solution was added during fort\^ minutes to 
18 c.c. of nitric acid {d 1-5), the mixture being ketffi below 9°. The 
mixture was left on ice for a further forty minutes, poured on to 
ciudiedice, and the ])recipitated mixture of dinitroaeetotoluidides 
dtered and^ washed thoroughly with water. The moist product 
'Vcm ciystalliaed from dilute alcohol and, after drying, from acetic 
anhydride. In this way a compound was obtained melting at 
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172°; further crystallisation did not raise this melting poi^j 
This compound was found to be 5 : 6-dinitroaceto-m-toluidide and 
formed the greater part of the product of reaction. The filtrates 
from the crystallisations from alcohol and acetic anhydride \vere 
diluted with water, and the precipitate obtained was hydrolysed 
with 50 })er cent, {by weight) sulphuric acid on the water-bath, 
Almost all passed into solution, the small residue which was filtered 
off from the hot solution yielding only a little 5 : 6-dinitroaccto-»). 
toluidide. The solution was diluted with water and filtered. The 
filtrate yielded, on neutralising with ammonia and leaving for 
several days, a precipitate too small for further examination. The 
solid was crystallised from alcohol, when a material melting at 
150 — 162° was obtained, which, on crystallisation from benzene, 
gave a compound melting at 162 — 163°; this proved to be slightly 
impure 5 : 6-dinitro-m-taIuidine. The alcoholic mother-liquors, on 
dilution, gave a product melting at 100 — 120°, which, on crystal- 
lisation from benzene, gave a less pure 5 : G-dinitro-m-toIuidine. 
The benzene mother-liquors from the above crystallisations wore 
evaporated, and the residue was crystallised from glacial acetic 
acid, wlien ^^•llat appeared to be 4 : 5-dinitro-?n-toluidine ms 
deposited, but the substance was obtained in so small amount 
as to render its identification not quite certain. 

The filtrate from the diluted nitration mixture was neutralised 
with ammonia and left for several days. A small quantity of solid 
separated, which was crystallised from acetic anhydride and found 
to be 4 : 5-dinitroaceto-w-toluidide. The mother-liquors from this 
crystallisation, on dilution and crystallisation of the precipitate 
from alcohol, yielded a further quantity of this compound. 

In none of the fractionations was any indication obtained of the 
presence of the 2 : 5-dinit ro-substituted compounds. 

(2) Pive grams of 5-nitroaceto-m-toluidide were added, in small 
portions at a time, during fifteen minutes to 50 c.c. of nitric acid 
{d 1-5) kept at 2 3°. The mixture was left for forty-five minutes 
on ice, then poured on to crushed ice, and the precipitate filtered 
and thoroughly washed with water. The solid was crystallised 
from alcohol, when a product was obtained melting, alone, at 
175°, mixed with 5 : 6-dinitroaceto-m-toluidide (m, p, 172')) 
150°, and with 5-nitroaceto-m-toluidide (m. p. 187°), at 105^ A 
second crystallisation from alcohol gave a pure compound melting 
at 177°, which was found to be 4 : 5-dinitroaceto-?n-toluidide. The 
molher-liquors from the alcohol crystallisations were diluted, and 
the precipitate was hydrolysed with 50 per cent, sulphuric acid on 
the water-bath for one and a half hours. Almost complete solution 
took place, the residue being too small for further investigation- 
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Xho mixture was diluted, filtered, and the solid dried and crystal- 
lised from benzene, when a fair amount of 5 : b-dinitro-w-toluidine 
was! obtained. The benzene mother-liquors were investigated for 
the presence of 2 : o-dinitro-m-toluidine, but no evidence of it.s 
presence was obtained. The filtrate from the diluted nitration 
mixture yielded but a small amount of solid on neulraiisation, 
wliieli was not investigated. 

(3) The first nitrations were carried out by adding gradually 
T) grams of finely powdered 5-nitroaccto-m-toluididc to a mixture 
of 20 c.c, of nitric acid {d I'o) and 32 c.c. of concentrated sulphuric 
acid cooled in ice. The solid dissolved slowly, and after thirty 
minutes the solution was poured on to crushed ice, and the pre- 
cipitate filtered, thoroughly M^ashed, and crystallised, first from 
alcolio! and then, after drying, from acetic anhydride, when 5 ; tl- 
diriitroaceto-m-toluidide was obtained. The mother-liquors were 
(liliitod, and the precipitate obtained was hydrolysed and examined 
on much the same lines as have been described above. This method 
was employed only in preliminary experiments to determine the 
host methods of crystallising and separating the various compounds. 
It was abandoned in favour of the somewhat cleaner method 
(lescrihed in (1), as difficulties arose in adding a solid to the mixed 
acids which dissolved it but slowly. It is only necessary to state, 
tliereforc, that only 5 : G-dinitro-dcrivatives were isolated from 
die products and no evidence of the presence of 2 : 5-diiiitro- 
conijioimd.s was obtained. 

Orientation , — The two acetotoluidides wore oriented by dis- 
solving 0',> gram of the material in a mixture of 20 c.c. of absolute 
alcohol and 5 c.c. of fuming sulphuric acid (20 per cent, of SOg), 
heating for a short time on the water-bath to ensure hydrolysis, 
and then adding 3 grams of dry, powdered sodium nitrite in small 
portions at a time. Wiien the action had moderated, tlie mixture 
was heated on the water-bath for a few minutes, diluted with 
water, and distilled in steam. The dinitrotoluene was extracted 
from the di.stiliate with ether, tlie ether evaporated, and the residue 
crystallised from dilute alcohol and identified by its melting point 
an bj the melting points of its mixtures with the various dinitro- 
toluenes. Tlie compound melting at 172''’ gave 2 : 3-dinitrotoluene, 
^inc t lat melting at 177° gave 3 : 4-dinitrotoluene, 
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Hydrolysis of the Dinitroaceto-mdoluidides—o : 6 >Dinitroacc'to. 
w-toluidide was hydrolysed by heating on the water- bath 
50 per cent, sulphuric acid for an hour. A clear solution wa.^ 
obtained, and on dilution the amine was precipitated as a yellow 
crystalline product, which was crystallised from alcohol. 4 1 , 3 . 
Dinitroaceto*m-toluidide, when treated in a similar manner, 
but slo^\]y attacked, so alcohol was added until a clear solution 
was obtained, the mixture heated on the water-bath for forty-five 
minutes, diluted, and the precipitated amine crystallised honj 
alcohol, 

5 : G-Diniiroaceto-m-ioUiidide ciystallises from acetic anhydride 
as a faintly yellow, sandy powder melting at 172*’ (Found : X ' ipf) 
CgHgO-N 3 requires X = IT'G per cent.). 

4: : o-Dinitroaceto-m’toUiidide crystallises from alcohol in fine, 
white needles melting at 177'^ (Found : X ~ 17-6. C'gHyQ.X^ 
requires X = 17-6 per cent.). 

5 : G-Dinifro-m4oliiidinc. crystallises from benzene in orange, 
yellow plates melting at 105''^ (Found : X ~ 21 '0. C-H-OjXj 
requires X = 21*3 per cent.). This compound gave 2 : 3-dinitro- 
toluene when the amino-group was removed by diazotising and 
boiling with alcohol as above. 

4 : 5-Dlni(ro-m.doluidine. crystallises from alcohol in large, 
brownish-j’ellow needles melting at 14P (Found: X~ 2 !’o. 
(iXH« 04 X 3 requires X ~ 21 '3 per cent.). On removal of the amino- 
group, it gave 3 : 4-dinit rotolueiuv 

The RAT.ree For.ster Laroratoky or Orcjaxic Chemistry. 

University* College, London. [deceived, March 1st, r.n’it i 


LXTI . — The Rota lory Dispersive Power of Organic 
Compounds, Part X. The Preparation (tni 
Properties of Pure Ethyl Tartrate, 

By Thomas ^Iartix Lowry and John Outram Cutter. 

In a series of experiments to determine the form of tlm curves of 
rotatory dispersion of the tartaric esters (Lowry and Dichsoii. 
T., 1915, 107 , 1176; Lowry and Abram, ibid., p. 1187), diftk'ulty 
was experienced in obtaining accurate data for ethyl tartrate, since 
it was found that the samples used not only varied in rotator} 
power, but could also be separated by distillation into fractions of 
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. ual optical activity, the middle fractions giving higher readings 
the two end fractions. In the case of methyl tartrate, this 
mliiltv 'vas not experienced, and the methyl ester was therefore 
^Aceted as affording the most trustworthy material for determining 
tl ^iiathematical equation for the dispersion curves. No further 
tJenipt was made at that time to isolate pure ethyl tartrate, hut 
it was suggested [loc. cit., p. 1 177) that, in view of the large amount of 
work that'had been done with this ester, it was very desirable that a 
complete fractionation should be carried out sooner or later, in 
order tliat the ]>ropcrties of the compound might be determined with 
the help of fully purified m atcrial . 

Ill re.sponse to this suggestion, Professor Franchimont of Leiden 
wrote to say that more than twenty years previously the ester had 
been prepared in las laboratory as a crystalline solid, M'hich, aftcT 
purification with the help of a centrifugal machine, melted at 16—1 7^ 
and remained for many years in the solid stale when stored in a cellar 
b(>low this temperature. The crystalline ester had been prepared 
a.rain in his laboratory in 1907, and on this occasion the melting 
point had been raised to 19^. Since it was evident that material 
which had been purified by crystallisation was likely to be better 
than any that could be obtained by fractional distillation only, 
Profe-ssor Franchimont very kindly prepared and sent to London 
two fresh specimens of the crystalline ester. TJie first specimen 
melted at and about half of it remained liquid at 0\ 'The low 
melting point showed that it was jiot completely purified, but its 
rotatory power, -- -j- 55•SG^ ^4353 = 13-<JG^, measured in 

a fi-deeimetre tube at 20^, was already almost equal to the highest 
value that had been obtained witli material purified by fractional 
distillation. The second specimen had been fully purified in 
Holland, although its melting point had not been determined. 
As it had become liquid in transit, and the package had been 
upened by the Customs officers, the specimen was refrozen in 
Loudon, when it was found that it began to melt at 19^, whilst 
its rotatory power was = + 5648^, 24353 — 4 1-1‘34^. 

After the samples of ethyl tartrate which had been piiiitied in 
Holland had been persuaded to crystallise in London (by freezing 
to a glass with solid carbon dioxide and then thawing in an ice- 
chest], no difficulty was e.\p(Tienced in inoculating other specimens 
of the tartrate with the crystals, and obtaining in this way several 
kilograms of the solid ester. This was purified by draining in a 
centrifugal machine and freed from the last traces of ^vate^ by 
distillation under very low pressure. The purification was con- 
tinued until both the rotatory power and tlie melting point were 
constant. Thus, fractions ju'epared by different nudliods and puri- 
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fied independently melted concordantly at 18*7® and gave an 
observed rotation ot 54 gi = + 56-9° for a 6-decimetrc column at 20\ 
With the help of this pure material the most important of the 
physical constants of the ester were determined, including the 
density at three temperatures, the viscosity, the refractive iiulcs 
for eight wave-lengths in the visible spectrum, and finally the 
optical rotatory power for a long scries of lines in the visible and 
early ultra-violet regions of the spectrum. The last series of 
readings was of special significance, as showing that pure ethyl 
tartrate gives, like the methyl ester, a curve of rotatory dispersion 
which can be expressed right up to the limits of experimental 
accuracy by two terms of the Drude equation. In the case of the 
acid, the dispersion is apparently rendered more complex as a result 
of electrolytic dissociation, since small but systematic diflercnccs 
arc found between the observed rotations of the acid, in aqueous 
solutions of different concentrations, and the values calculated 
from the two- term equation (Lowry and Austin, Bakerian Lecture, 
Phil. Trans., 19:f2). In the case of the ethyl ester, however, the 
largest deviation between the observed and calculated values for 
the specific rotatory power is only 0*03° (for a very difhcult zine 
blue line) in a series of eighteen visual readings aiul 0-3° fur the 
worst of the photographic readings \n the ultra-violet region of the 
spectrum 5 for two-thirds of the readings the diffciences are—, 
and the remaining errors are distributed casually. It is therefore 
clear that the two-term formula expresses perfectly the rotatory 
dispersion of the ester, as at present determined, and will probably 
remain as an exact representation of that dispersion until entirely 
new methods of measurement shall be dc^ eloped. 

K X P E R I M E X T A L. 

Preparation of Ethyl Tartrate. 

{a) The material used for these experiments was at lirst prepared 
as described by Patterson (T., 1910, 79, 168), using hydrogen 
chloride as a condensing agent; but the yields obtained were lov 
(56 per cent.), and even after two distillations under a pressure of 
10 to 12 mm. the product still contained chlorine. 

(6) Much better results were obtained by using a modified fonn 
of the method described by Eodger and Bramc (T., 1898, 73, 30:h 
in which the acid is first converted into ethyl hydrogen tartralc 
by boiling with alcohol and distilling off the aqueous hquor, an 
tiien into the normal tartrate by, boiling with more alcohol aiui 
fractionating out the ester under reduced pressure. In 
1,200 grams of tartaric acid were boiled for seven hours with 
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grams of freshly distilled 98 per cent, alcohol in a 5-litre flask 
heated in an oil-bath at US'" ; the aqueous liquor was then distilled 
ot! rapidly by raising the temperature of the oil-bath to 250^ 
; Xhe syrupy residue was heated with 400 grams of fresh alcohol 
(luring a further period of seven hours, the temperature of the oil- 
bath being 150— 160 ^ after which the aqueous liquor was again 
distilled off as before. The crude ester was distilled, in quantities 
of 150 to 200 grams at a time, in a 1 |-litre distilling flask under a 
pressure of 10 to 12 mm. ; when the pressure rose to 15 ram., 
distillation was stopped. In this way an immediate yield of 700 
to 800 grams of a water- white ester Avas obtained from 1,200 grams 
uf acid. The residues from the vacuum distillation were boiled with 
a further quantity of alcohol for another period of seven hours, and 
(Mied as described above to obtain a further quantity of the ester ; 
but this process could not be repeated more than three times owing 
to excessive frothing in the final distillation. Altogether, 7,800 grams 
of the ester were prepared by tliis method, with a yield of about 
811 per cent. 

((’) A small quantity of the ester wms also prepared by heating 
the crude ethyl hydrogen tartrate [prepared as described under 
l/j) above] with four times its weight of 98 per cent, alcohol during a 
jjoriod of five hours at 100° in a rotating autoclave (.Morgan and 
lining, i., 1920, 117, 780) at a pressure of 200 lb. per square inch. 
The subsequent distillation was carried out as before, but there was 
no frothing, and an immediate yield of more than 90 per cent, of 
\cr\ pure material was obtained, This m eg hod has also been applied 
with great advantage in the preparation of propyl tartrate. 


Purificaiion. 

The ester, prepared as described abo\'e, wa,s cooled in ice, 
inoculated with a crystal of ethyl tartrate, and frozen to a solid 
i-iiock. The mass was broken up and the lumps were crushed, in 
which process they were partly melted, giving rise to a sludge of 
^^rj^talsin a very s}-rupy liquid. This was transferred to a small 
uuihifuge, the cage of which had been lined with silk. After 
the crystals were again partly melted and centrifuged, 
'' Ubt the mother-liquors were frozen to jiroduce a further crop of 

^^tlql tartrate appears to be almost as hygroscopic as sulphuric 
. t t eryatals therefore always absorb moisture during the 
rocei,s of freezing and draining. This is not altogether a dis- 
provides a liquor of lower melting point which 
} \crj veil serve as a rinsing agent to remove the impurities; 
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but ill order to obtain the pure ester, the crystals must be merited 
and distilled to get rid of the last traces of water. This distillatioi, 
was at first carried out under a pressure of 11 to 12 ram. with the 
help of two water-pumps arranged in parallel. In the later stages 
of the work a Langmuir mercury-vapour pump was used, in con, 
junction with an oil-pump of the Siemens type, the oil-pump boin,, 
backed by two water-pumps in parallel. The capacity of tlii< 
combination is enormous, since that of the mercury-pump is said t.j 
be fifteen times as great as that of the oil-pump, which is itsidf very 
large. In practice, the distillation of the ester could be carried out 
under pressures of 0-03— 0*001 mm. as recorded by a McLeod gauoo. 
In contrast to the high capacity of this combination, it may be stau-d 
that a Gaede mercury-jmmp of the ordinary type gave results which 
were no better than those obtained by means of a water-puni]) 
alone, since the pressure always rose to several millimetres of merciirv 
as soon as distillation began. 

Ill order to seeure useful results in this system of low-pivsijiir<' 
distillation, the uliole of the distillation apparatus was made d 
glass, with ground joints lubricated and sealed with ethyl tartrate: 
and all the connexions were at least 1 centimetre, and usually 2 
centimetres, in diameter. A drying tube of large diameter con- 
taining pho.^plioric oxide was inserted between the distillation 
apparatus and the Langmuir pump in order to keep out all traccv 
of moisture. The liquid was heated in an oil-bath, and evaporated 
(piietly without, any bumping or even formation of bubbles ; indeed, 
the only indication that distillation was proceeding was the gradual 
accumulation of liquid in the iced r('cei\ er. In this apparatus the 
teinperatiire of distillation was brought down from ICO -Lt) to 
98-110^, although l)y rapid healing the temperature could he 
raised to 115 A 


Fmciionat'ion. 

The two samples used were : 

(i) 4,000 grams ;■ - 53-02'^ (G dcm.). Freezing point 7 . 

(ii) 3,800 grams: - 54*G8i Freezing point 7". 

After freezing, partial melting, and centrifuging, the values of the 
constants were ; 

(i) 7.54(31 • 55'0G^ Freezing point 14’.^, 

(ii) Freezing point 13-F'. 

T'hrce further freezings, after mixing these two fractions, and m 
distillation under 10 mm, pressure, ’gave the values : 

754(31 ^ Freezing point IS-T''; 
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and dinilar treatment of all the mothcT-lir[Uors obtained up to this 
“ a^igi 56'60'^. Freezing point 17-8“. 


tvo fractions, when mixed and fractionally crystallised, 

Solid - 56-f)2-'. Freezing point 17‘8^ 

Liipiid -- 56•G0^ Freezing point 17-S^, 


I)ut ^vlien redistilled a fortnight later the rotatoiy power was found 
to have fallen from 56’6'’ to 56-2". Wc believe that this drop of 
rotatory pow'er is the direct result of distilling the ester in a relatively 
poor vaciaim, and all the rotatory powers given above may be too 
low from this cause, since every fraction was distilled before its 
rotatory power was determined. By using the Langmuir pump for 
the final distillation, higher rotatory powers w'ere obtained, although 
the cpiantity of material only allo^ved 2- decimetre tubes to be used, 
for example, the sample described above gave the following fractions : 


Fraction 1* = 18-8'' (2 dcm.). Freezitig point 18-4’. 

■2a „ - 19-OlL „ 18-7". 

26 „ - 19-0:2b .. 18'7b 

,, 3 „ - 18■99^ „ ]S•7^ 

* Probal-ify muist. 

The 500 grams prejiared iji an autocla\'e ga^•e oji distillation a large 
middle fraction of 450 grams, and on redistillation another middle 
fraction of 400 grams ; the values for the latter Avcrc : 

= lO-OFT Freezing point 18-7 

It appears, therefore, that preparation in an autoclave followed bx- 
two distillations under a pre.ssiire of less than Od min. provides an 
alternative method of preparing the rst('r in a pure condition. 


ColomtioN. 

Almost all commercial samples of ethyl tartrate are yellow in 
colour, perhaps as a result of carele.ss distillation. A similar 
coiour was also seen in one of our own sample.s. This colour is 
tindoiibledly due to an impurity, since it can be removed by freezing 
<'iit and centrifuging the cry.stallinc ester. When this permanent 
toloration had been removed, it did not reappear in six successive 
didillations under 10 mm. ])ressure; but after the rotatory jiowor 
“ad risen to 56-28^ the purified ester developed a yello^c colour 
''hen heated in the di.stilling flask, and gave a yellow di.stillate, 
fie colour of whicli disappeared, however, after a few hours. This 
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transient yellow colour reappeared in every subsequent distillatioi^ 
and became very pronounced when the rotatory power had risen 
to 56*62^. 

The yellow colour, which thus appears when highly purified 
samples are distilled, does not produce any substantial alteration 
of rotatory power. Thus when t\vo separate samples were distilled 
and their rotations taken, first whilst still coloured, and secondly 
after becoming colourless, the readings in 2‘dccimetre tubes were; 

Sample 1. Coloured, 18'00'\ Colourless, 18’85°. 

Sample 2. Coloured, 18*88'^. Colourless, 18-85^. 

In the same way, of tw'o samples which (as set out in a previous 
paragraph) gave rotations of 56’G2° and 56' 60 in 6- decimetre tubes, 
one was quite light in tint, whilst the other developed an intense 
yellow^ in the last distillation. 

Slow or rapid distillation, and the presence of rubber stoppers 
in the apparatus, were suspected as. causes producing the transient 
yellow coloration, but without justification. Thus, the sample of 
ethyl tartrate which was prepared in an autoclave never came into 
contact with rubber ; it was distilled once in the vacuum of the 
Langmuir pump, in an apparatus composed entirely of glass, and 
gave a perfectly colourless distillate ; but when the pure middle 
fraction W'as again distilled under the same conditions, it developed 
the familiar transient yellow' colour. This colour must, indeed, 
be regarded as a test which serves to establish the purify rather 
than the impurity of the sample. 

The failure of the yellow colour to appear in the early stages of 
purification might have been attributed to the presence in tlie 
distillation flask of a little ethyl hydrogen tartrate ; but the addition 
of this compound to a purified sample did not prevent the yellow 
colour from appearing. It seems more probable that the inhibiting 
impurity is w'ater and that the yellow coloration may be due to the 
reversible formation of a yellow' anhydride, possibly a member of 
the keten class. The formation of this yellow anhydride would 
then be, like the formation of a white fume of sulphur trioxide on 
heating concentrated sulphuric acid, a sign of the absence of all but 
small traces of water. 


])eter}n{nations of Freezing Point. 

As a result of the very great viscosity of the ester, the determina- 
tion of the freezing point was more dillicult than in the case of the 
majority of organic compounds. Relatively large quantities of 
material were used in order to secure a satisfactory equilibrium of 
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j^jjjpf,rature between solid and liquid, and the actual inas.'j taken 
for each determination was seldom lfi.ss than 500 grams. In making 
a mca.snreroent, the freshly distilled sample was cooled in. ice, 
inoculated with a few crystals, and stirred vigorously ; the maximum 
temperature was noted and the experiment was then repeated, but 
after the initial cooling the sample was now .surrounded by water at 
a temperature about T beJow^ the niaxiimim previously noted, in 
order that the temperature at which the liquid and solid were in 
oqiiilibriiim might be iiifluonced to the smallest possible extent by 
external heating or cooling. Since most of the samples tested were 
sa?)st antially pure, the extent to wlucli crystallisation proceeded 
x\ as not important. 

Wc have obtained some indications that ethyl tartrate may 
perhaps be dimorphou,s, like methyl tartrate, since from time to 
time xve have observed freezing points substantially below those 
which wo expected to find in vjcnv of the purity of the sample under 
examination. Thus, the low meJtu]g point, of the first sample 
received from Holla Jid, in marked contrast with its high rotatory 
power, 00 - 68 ° (which should correspond with a melting point of 
10 " or more) , may perhaps be explained in this rvay, .Again , we have 
seen a ^'ery large crystal, perhaps 3 X cm., which had growm on 
the surface of a sample of pure tartrate (m. p. about 18-5°) go to 
pieces and redissolve at a room temperature of about 13°, These 
ob.servations have, ho-wever, not been frequent, and, in view of the 
e.xtremc difficulty of persuading the liquid to crystallise without 
inoculation, are beyond the range of sy.stematic experiment. 
Although, therefore, we iiave very good grounds for suspecting that 
ethyl tartrate i.s dimorphou.s, we havm not been able to obtain a 
direct experimental verification of our suspicions. 

A remarkable change of freezing point which cannot be attributed 
to dimorphism was observed on exposing the purified ester to the 
high vacuum of a Langmuir pump in a ve,ssel containing phosphoric 
oxide. Under these conditions the compound gave off bubbles 
(perhaps of alcohol or ivater- vapour) and liquefied, altliough the 
temperature of the room was below the original melting point of the 
crystals. In this experiment the melting point actually fell from 
18'6° to 12'7h and more than half of the solid melted, as a result of 
exposure under very low pressure in presence of pliosphori(‘ oxide. 
►Subsequent exposure in presence of 50 per cent, sulphuric acid, 
giving a vapour pressure of about 3 rani, of water- vapour, or of 
alcohol, did not cause the liquid to become solid again, and we are 
therefore unable to state which of these compounds was eliminated 
by the phosphoric oxide. 
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De(erminal{ons of DensHi/. 

The density of the viscous ester A\'as determined in a pyknoi-Q(;|^j 
with a capillary neck. It was filled by means of the apparai^ 
devised by Wade and Merriinaii (T., 1912, 101, 2429) for measurino 
the density of pure liquids, free from air and without any risk of 
absorption of moisture. The level of the liquid was adjusted roughly 
when the pyknometer had stood at constant temperature in 
thermostat for three hours ; after a further period of half an liour 
the level of the liquid was again adjusted, and the neck of the Hash 
was cleaned witli cotton wool moistened with ether ; the correctness 
of the adjustment was cheeked by observing the meniscus again 
after the pyknometer had remained in the thermostat another half 
hour. The pyknometer was calibrated by filling it with air-free 
water at the same temperature. The results of the observation'; 
were as follow ; 

Df 1‘2028 ; Df 1-1980 ; 1)^'^ -- M895. 
Previous observations have given the values 

D'f 1-2059 (Pictet, Jahresberichte, 1882, 856); 

1‘1989 (Landolt, Annaleii, 1877, 188, 324); 


Determinalions of Viscosity. 

The absolute measurement of very high \ iscositics is a problem 
which has been studied but little. Sheppard [J. bid. Eng. Chm., 
1917, 9, 523) and Jacobs (T., 1920, 117, 473) have used the falling- 
sphere viscosimeter, but in our experiments we have followed 
Bingham (J. Ind. Eng. Ckevi., 1914, 6, 233 ; Bull Bureau ofStandank 
IJM.A., 1918, 14, [/j, 60), who has made a careful study of the Ostwald 
viscosimeter for media of high viscosity and has given absolute values 
for a series of strong solutions of sucrose. In our experiments, the 
viscosimeter had a capillary tube 12-2 cm. in length and approxi- 
mately 0*1 cm. radius, the volume of liquid passing through the 
capillary being 12-1 c,c. Special precautions were taken to prevent 
the absorption of moisture by the liquid both during the filling and 
during the measurements, The time of flow was measured for five 
independent fillings of the viscosimeter and was observed, ^as anile, 
three times for each sample at intervals of half an hour. ^ dhe times 
were compared with those of a 60 per cent, solution of dried sucrose, 
the strength of which was found to be 60*01 per cent, by the polari- 
meter as compared with 60 '05 per cent, by direct weighing, 
times of flow at 19 '90° were as follow ; 
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Ethyl Tartrate^ 

(ii) 1459‘0 (iii) 1467-0 (iv) 1460*0 (v) 1464-0 

1459-8 1467-2 1460-4 

1459-8 1460-0 1460-G 

Average time 1463*5 secs. 

Sucrose {60 per cent, by weight). 

(i) 347-8 (ii) 340-8 (iii) 347*4 (iv) 348*4 

347-8 348-0 347'0 348*4 

346-8 345-4 346-8 

Average time, 347-9 secs. 

Xlie times of flow, repeated at intervals over a period of twenty -four 
hours in one series of experiments, were as follow : 

0 O-j 1 4 H ^ r ^ 12 24hrs. 

I-:, hvl tartrate UC7-0 14G7-0 14G8'0 14<j7-0 1405-0 1400*2 1450*4 

Sucrose (00 per cent.) 350-4 34!I-() 350-2 348-4 — — - 343*3 

Although the times recorded at the end of twenty -four hours are a 
few seconds lower, the ratio 1450-4/343-3 ~ 4-225 agrees very 
closely with the ratio 1463-5/347 *9 = 4*207 of the average times set 
out above. 

It will be seen that the viscosity of the ester is more than four 
times as great as that of the strongest sugar-solution used by 
Bingham. The correction for kinetic energy (Hoskins, Phil. Alag., 
1909, [vi], 17, 503) was calculated to be only O’OOOIO C.O.S. unit for 
the sugar solution and 0*000036 unit for the ester, and was negligible 
in both cases. The density of the sugar solution was 1 ’28644, 
whilst that of the tartrate was 1-2028 at 20°. Taking Bingham's 
value 71 = 56-5 for 60 per cent, sucrose at 20°, the absolute viscosity 
of the ester at 20° is found to be r; — 221-7 centipoiscs or 2*217 
C.G.S. units. 

Befractive Indices. 

The refractive index was determined with a Pulfrich refracto- 
meter made by Hilger, which was provided with a water-jacket 
round the liquid in addition to the usual tube dipping into the liquid 
(compare Lowry, Proc. Opt. Convention, 1912, II, 292). The 
instrument had been calibrated to give readings for the principal 
lines in the arc spectra of mercury and cadmium in addition to the 
usual sodium and hydrogen lines. The instrument was arranged 
so that the tw’o constituents of the yellow sodium and mercury 
doublets could be seen separately, but readings were taken only of 
the less refrangible constituents. The results obtained were as 
follow : 

VOL. exxr. 


(j) 1467-6 

1467- 4 

1468- 6 


0 
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Tart.i: T, 


liejmctive of Ethyl Tart rate at 20'’. 


LIiu'. 

Wave- 

length. 

Re- 

fraelivc 

index. 

Line, 

Wave. 

length. 

Kn. 

ti’active 

‘D(lex, 

Caclniiuin reil 

<}4:is 

1-14481 

Cadmium green 

5080 

1 '4r)(isi> 

Sodium yellow 


l-440:7 

Cudmiuin bine 

4800 

l'4i)2iii( 

Mercury yellow 

">790 

1-44722 

Cadmium chirk blue 

4078 

b4o;i:n 

Mercury green 

5401 

1-44873 

Mercury violet 

435!) 

1 ‘loti, 711 


These values can be plotted out as a smooth curve, but this h 
reproduced in the paper. 

Table TI. 


Kotaiory Dispersion in Ethyl Tarlrale at 20^. 


(f/) Visital IlcadiiKjff. ^ 

- o-u;r 

A*-U-050 


-0-03 A 

‘-'O-O-Ki 

Wave-lengtli. 

Rotatiuns in 




\ X 

10000. 

0-dcm. tube. 

Speemc rotaiions. 



Ob.s. 

Cale. 

OI»^. 

Calc. 

Dill, 

Li 

0707-8 

49-00" 

49-0(F 

0-87" 

0-87 


Cd 

0438-.1 

53-30 

53-27 

7-38 

T-38 


Zii 

0302-3 

53-05 

53-05 

7-43 

7-43 


Xa 

5893 ■() 

50-45 

50-40 

7-82 

7-82 


Hg 

5790-7 

50-84 

50-81 

7-87 

7-87 


<'n 

5782-2 

50-82 

50-85 

7-87 

7-87 


Hg 

5709-0 

50-90 

50-89 

7-88 

7-8H 


Cu 

5700-2 

50-88 

57-03 

7-88 

7-90 


Hg 

5400-7 

50-80 

50-75 

7-87 

7-80 

■ (M.11 

Cn 

5218-2 

54-93 

54-91 

7-01 

7-01 


Cu 

5153-3 

53-98 

54 03 

7-48 

7-48 


Cu 

5103-5 

53-15 

53-30 

7-30 

7-38 

- ()■(':! 

Cfl 

5085-8 

53-00 

52-91 

7-34 

7-33 

: 0-1 '1 

Zn 

4810-5 

45-11 

45-31 

0-25 

0-28 

-o-ii:] 

Cd 

4799-9 

44-88 

44-87 

0-22 

0-22 


Zri 

4722-2 

41-52 

4 1-50 

;)•<*> 

.>• t .) 


Cd 

4078-2 

39-34 

39-42 

.7-45 

5-40 

— j.i-iil 

Hg 

4358-3 

1 4-35 

i4-:ni 

1-98 

1-9S 


(/i) Hrf(din<js. 






Ke 

4003 

3.5-M 

3,7-1 1 

4-9 

4-!) 


Fe 

4475 

25-0 

2 5 -.7 

3-5 

3-5 


Fe 

4415 

20-U 

2(1-1 

2-8 

2-8 


Fe 

4359 

1.7-0 

14-3 

2-1 

2-0 

(.1-1 

Fe 

4315 

10-0 

9-3 

1-4 

1-3 

-U-l 

Fe 

4271 

,7-0 

3-0 

0-7 

0-5 

-0-2 

Fe 

4240 

0-0 

0-0 

0 

0-1 

-U-1 

Fe 

4210 

— .7-0 

- 5-0 

- 0-7 

- 0-7 


Fe 

4148 

-15-0 

- 15-3 

- 2-1 

- 2-1 


Fe 

4119 

- 20-0 

-20-3 

— 2-S 

- 2-8 


Fe 

4071 

- 30-5 

30'] 

- 1-2 

- 4-2 


Fe 

4005 

-45-0 

.... 4,3. 1 

- 0-2 

- 0-2 


Fe 

3907 

-- 55*5 

55-0 

— 7-7 

— 7-7 


Fe 

3900 

-74-0 

-74-7 

-10-3 

-10*4 

-0-1 

Fe 

3889 

-80-0 

-78-2 

-11-1 

-10-8 

0-3 

Fe 

3872 

-83-0 

-83-9 

-11-5 

-11-0 

-0-1 

Fe 

3808 

-85-0 

-85-2 

11-8 

-U-8 


Fe 

3800 

-88-0 

-88-1 

-12-2 

- 12-2 

- 
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Meamrements of Rotatonj Dispersion. 

The optical rotatory power of the pure ester was measured at 
a series of eighteen lines, with an eyepiece, and for eighteen 

Fig. 1. 

Rolatory (lisprrsion in ctin/l Utrtrntv. 



lines in the dark-blue, violet, and ultra-violet regions by a photo- 
grapliic method. The visual readings have been recorded to two 
decimal places, but except in the yellow and green the second 

U2 
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decinial is of very little value j the specific rotations, which afg 
about seven times smaller, and are also given to two decimals, sho^r 
much more clearly the degree of accuracy that is claimed for these 
observations. In the same way, in the photographic readings, the 
analyser was set to exact degrees, but the accuracy of the readings 
is certainly not closer than 0'5°; the single decimal shown in the 
specific rotations therefore again corresponds closely wdth the limits 
of experimental error. 

Fig. 1 shows the curve of observed rotations, ranging from a 
positive maximum of 57° in the green to a negative value of — 88' 
in the last photographic reading. The figure also shows, plotted 
agaimst the curve of molecular rotations, in which the anomalies 
of maximum, reversal of sign, etc., are clearly seen, together with 
the two rectangular hyperbolas of which this complex curve is the 
algebraic sum. In our opinion, these two curves represent the 
simple rotatory dispersions of two isodjmamic constituents of the 
ester, the constitution of which we have not yet ascertained. 


Siirmnary. 

h Ethyl tartrate, purified by distillation, freezing, ami redistilla- 
tion in the vacuum of a Langmuir pump, freezes at 18‘7°, and gives 
a . -I- 56-9° in a 6-dcm. tube at 20°, -] ■ 7-87°. The density 

of the ester at 20° is 1-2028, and its viscosity 2-217 C.G.S. units. 

2. The rotatory dispersion of the ester at 20° is given accunitclv 
by the formulae 

180-462 149-216 , 25-005 __20j67S 

- 0-03 0-056’ X2- 0-03 - 0-056 

where a is for a 0-dcm. column. 

3. When sufficiently purified, the ester becomes yellow on heating, 
perhaps as a result of a reversible dehydration ; the ])ure ester ak 
appears to decompose at atmospheric temperatures when in a high 
vacuum in presence of phosphoric oxide. 

This work was .begun at Guy's Hospital Medical School and 
completed at Cambridge. We are indebted to the Department ol 
Scientific and Industrial Kescarch for grants with the help ot vine i 
the experimental work now described was carried out. 

[Received, 2Iarch ivd, I9i-.l 
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hWll,— Colouring Matters fro7n 1 : 2 : 4 : 5~Tetrahydroxy- 
benzeiie and Related Substances, 

By Dhieexdra Xatii MuKERTr. 


Some studios have already been made in this laboratory on the 
rhange in the colour of dyes of various groups produced by multiply- 
ing the number of auxochromes (Media and Watson, T./lt}15 107 
1.3S1; Meek and Watson, T., 191G, 109, 544; Ghosh and Watson' 
T., 1917, 111, 815). It seemed of considerable interest to prepare 
from tetrahydroxybenzene as many dyes as possible, such as the 
jihtlmlein, the benzein, and the fluorono, in the same way as such 
(lyes have been prepared from resorcinol, pyrogallol, etc. as this 
would help in studying the effect of multiplying auxochromes in 
these groups of dyes. 


Lnfortunately, the preparation in any cp] antitv of 1 : 2 ; 4 : 5- 
tetrahydroxyhenzene, which is the only one known in the pure 
and free state, has proved a very laborious business. At first sight 
the simplest method of preparation seemed to be by the action of 
aniline on p-benzoquinone yielding dianilino-p-benzoquinonc, which 
on hydrolysis yields the diliydroxyqtiinone, a sub.stance readily 
reduced to 1:2:4: 5-tetrahydroxyhenzene (Wicbelhaus, Ber., 
1872, 5, 851 ; Nietzki and Schmidt, ibid., 1888, 21, 2377 ; Kehrmann' 
ibid., 1890, 23, 903). It was, however, found that hydrolysis of 
(he diariilinoquinone gave an exceedingly small yield of the 
dihydroxyquinone, and it was therefore necessary to adopt the 
more laborious preparation from resorcinol via diacetylresorcinol, 
diacetyldinitroresorcinol, ainitroresorcinol, tlie tin double .salt of 
harainoresoreijiol dihydrochloride, diaminoresorcinol dihydrochlor- 
ide, di-immoresorcinol, the potassium salt of diliydi'oxy-p-benzo- 
quinone, and dihydroxy-p-benzoquinonc to tetrahydruxy ben zone 
(lypke, Ber,, 1883, 16, 555; Nietzki and Schmidt, ibkl, 1888, 21, 
-k4). ^ At first, the yield of the dinitro-dcrivative from the diaoetvi 
derivative was very poor, and it was necc.ssary to .study tlie coii- 
(Jifions of nitration. It was found possible to increase tlie yield 
ot the diiiitro.dorivative from 20 per cent. (Typke’s vield) to 40-45 
per cent if the nitration was effected between 10° and 15° and 
acic of « H8 was used. It was also found that at a later stage, 
lamey, e reduction cf the dihydroxyqiunone to tetrahydroxy- 
enzene, the yield could bo improved by substituting sulphiir 

detrib hydrocldorie acid as 

Prt'paration. But, in .spite of these trvo 
P U'meiits m yield, it was found tiiat when the nine stages in 
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the preparation had been carried through, the yield of tetrahydroxy 
benzene, reckoned on the weight of resorcinol taken, amounted 
only to 1 — 1-5 per cent. 

The tetrahydroxybenzenephthalein (hexahydroxyfluoran) 
been prepared and its hexa- acetyl derivative obtained in the 
condition. The preparation of the pure dyestuff is difficult and thp 
yield unsatisfactory on account of its solubility. It dissolves irj 
potassium hydroxide solution with a magenta colour. The dyeinir 
properties and the absorption spectrum of this dye have not vet 
been studied, but it is contrary to expectation that it dissolves in 
the alkali with only a magenta colour. Gallein, which dissolves 
in potassium hydroxide solution with a blue colour (Bayer, Ber 
1871, 4 , 457, 663), contains two benzene nuclei with two hvdroxvl 
groups in the ortAo-position to one another in each. 


HO 0 OH 



CO 


HO 0 OH 

/\/\/\ 

HO C OH 
OeH/)o 
CO 


Gallein. 


I : 2 ; 4 : .0 : 7 : S-Hexahydroxyllmait. 


The new dyestuff has three hydroxyl groups in the 1:2:4^ 
positions in each nucleus, and from analogy with the anthraquia 
one group, we expected it to have a deeper colour than gallein (com- 
pare alizarin and purpurin; 1:2:5: 64etrahydroxyanthraqiiiiioni^ 
and 1 : 2 : 4 : 5 : 0 : S-hexahydroxyanthraquinone [anthracene blue 
W.R.]; alizarin cyanin and anthracene blue W.K.). 

Attempts to prepare the benzein from tetrahydroxybenzene and 
benzotrichloride were not successful. Condensation with formalde- 
hyde gave the expected methyleneb is tetrahydroxybenzene, bat in 
very poor yield. Condensation of tetrahydroxybenzene with nitro- 
sodiomethylaniline did not yield anything inviting. 

It was thought of interest to study the phthalein condensation 
with the diaminoresorcinol, wffiich is an intermediate product in 
the preparation of tetrahydroxybenzene, and is more easily obtained 
than the latter substance. It was thought that if the corresponding 
phthalein were easily obtained it might be possible to convert the 
amino-groups into hydroxyl groups and thus obtain the phthalein 
of tetrahydroxybenzene by another method and perhaps in better 
yield. 4 : 6- Diaminoresorcinol dihydroehloride, however, condenses 
with phthalic anhydride in the presence of zinc chloride to a colour- 
less substance, which is probably a diphthalyl derivative of diamino' 
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resorcinol each of the amino.groups being converted into the 
pbthalimino.group, and sinailar is the case with 2 : 4-diaminophenol. 
Witii concentrated sulphuric acid, the condensation of the diamino- 
rcsoroinol gives a dye which dissolves in potassium hydroxide solu- 
tion with a fine blue colour and gives beautiful, blue-black shades on 
ohrome-mordanted wool. It is not, however, easy to prepare It 
|)nre in any quantity and its constitution has not yet been definitely 
(lefcrmined, although the percentage of nitrogen contained in it 
agrees with that required by the diphthalyl derivative of the corre- 
sponding phthalein having the following formula ; 


C6H,:(CO)2:iNr o n:{co),:c,h, 



At a later time the substance may prove of interest in the study of 
the joint effect of amino- and hydroxyl groups on the colour of 
dye.s, a problem which is, however, at the present time rather too 
complicated to be tackled. 

Dinitrosoresorcinol {resorcin green) is very easily obtained in 
good yield from resorcinol, and it was hoped that diaminoresorcinol 
and thence tetrah3^droxybenzene could be obtained from it. But 
attempts to prepare diaminoresorcinol from it -were unsuccessful 

As the preparation of tetrahydroxybenzene in any quantity 
proved so very laborious, it was decided to work in a somewhat 
different direction and prepare from hydroxyquinol, pyrogallol, 
phlorogluciriol, and 2 : 4-diaminophenol various dyes not hitherto 
isolated, which, on account of their containing several auxochromes, 
will ultimately prove of interest in the study of the general probleni 
of the effect of the number, nature, and position of auxochromes on 
the colour of the containing dvTS. The following new' colouring 
matters have been prepared : 

Trijihmylmflkmu Dyes. -4 ' : 4''-Tetrametliyldiamino-2 : o-dihydr. 
oxyfuchsone-blue-black in alkali; dyes gre'enish-black shades on 
chrome, 

4.4 - Tetramethyldi amino -2:0- dihydroxyfochsone — bluish- 
violet m alkali ; dyes blue-black shades on chrome. 

Fkorone i)yw.-~4'-I')imethylamino.2 : 3 : 7-trihydroxy-9-phenyl- 
tliioroue-reddish-violet in alkali; dves reddi,sh. violet shades on 
chrome. 


■Dimethylaraino-l : 3 : 8-trihydroxy-O-phenylfiuorone - 
aikah; dj^es oimige shades on chrome 
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2:4:5: 7-Tetra'ammo-4'-diinethylamino-9-phenylfluorone tri. 
cliloride— brownish-yellow in acids ; dyes greyish-black shades on 
chrome. 

The problem of the effect of introducing auxochromes into three 
different benzene nuclei is obviously a complicated one, and it Is 
even more complicated when, as in the above cases, some of the 
auxochromes are basic and others phenolic. It would be useless 
to discuss the above cases until many other dyes of these groups 
shall he available. 

The very simple dye beTizeneazohydroxyquinol had apparently 
not previously been prepared. The preparation was of interest, 
as the dye was expected to have a deeper colour than benzeneazo. 
quinol, benzoneazocatechol, or bcnzcneazopjTogallol. It, however, 
dissolves in alkali with only an orange-red colour and gives hrownisV 
red shade.s on chrome. 


Experimental. 

1 ; 2 : 4 : 5 : 7 : S-Ilexa-acetoxyAiioran, 

An intimate mixture of tetrahydroxybenzene (1 gram) and 
phthalic anhydride ( 0-8 gi'am) was heated at 100 ° and powdered 
zinc chloride (0-5 gram) added. After being heated at 150-1(10'^ 
for two to three hours with conslant stirring, the jnixturc solidified. 
The product was powdered and washed with concentrated hydro- 
chloric acid, which removed most of the zinc chloride, lea^iu^ die 
yellowish-green dyestuff behind. The dyestuff dissolves in alkali 
with a beautiful magenta colour. It is very soluble in alcohol or 
acetone, sparingly soluble in cold water, and insoluble in benzene 
or ether. Repeated attempts to erystallise the sufistance liaviiifr 
proved ineffectual, it was acetylated by heating it with fused sodiuia 
acetate (1 pari) and acetic anhydride (5 parts) in a sealed tube at 
150—160° for one hour. The product was treated with 5 e.c. of 
glacial acetic acid and poured into water, which precipitated the 
acetyl compound as a pale brown, amorphous mass. This was 
crystallised from dilute alcohol and obtained in small, colourless 
needles, which did not melt at 300°. The substance is soluble in 
alcohol or acetone and insoluble in ether (Found: G=-a.)ill. 
H = 3‘91. O 3 . 2 H 24 O 15 requires C 59-25; K - 3-91 per c-en!.). 

On deacetylation, the pure dyestuff was obtaiiiefl, which disolm. 
in alkali with a lirilliant magenta colour. The quantity availaie 
being very small, the analysis eou’id not be attempted. 
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Methyl&tiehi8-2 : 3 ; 5 : ^4etrahydroxybenzene, 
CsH(OH),*CH2-CeH(OH),. 

A mixture of tlie tetrahydroxybenzene (0-4 gram), dissolved in 
20 c.c. of dilute hydrociiloric acid (1 : 10) and 4 c.c. of 4 per cent, 
formaldehyde solution, was kept for twelve hours at the ordinary 
temperature, when the methylene compound separated in a crystal- 
line condition. It was recrystallised from acetone and obtained 
in colourless needles which did not melt at 300^ The substance is 
sparingly soluble, in alcohol or acetone, and insoluble in benzene 
or ether (Found: C“ 52*88; H = 3-94. CjgHjgOg requires 
C = 52*70; H = 4*0e5 per cent.). 

( ?) DipUkakjl Derivative o/ 2 : 4 : 5 : 1-Tetra-amino- 
1 : S-dikydroxyfluoranj ^36^20^9^4- 

A finely powdered mixture of TS grams of plithalio anhydride 
and 1 gram of 4 : 6-diaminoresorcinol diliydrochloride was heated 
with 3 c.c. of concentrated sulphuric acid at 150—160® for tw'o to 
three hours and finally at 180—190® for one hour, The solution 
of the crude product in boiling water having been filtered, the dye- 
stuff was salted out with sodium chloride and purified by dissolving 
it in alkali and precipitating it with glacial acetic acid. The 
substance dissolves with a beautiful blue colour in alkali and with a 
midish-violct colour in hydrochloric acid. It dyes chrome-mor- 
danted wool brilliant blue-black. It does not melt at 300° (Found : 
\ -- S-31. 036112009^4 requires N S-58 per cent.). 

4 ; Gd^iphtJmliminoresofrinoI, C(.H2(0H)2[N:(C0)2;C9H4]2. 

J wo grams of the diaminoresorcinol Iryflrochloride ^Yere intimately 
mixed with 1-5 grams of phthalic anhydride and heated in an oil- 
bath while a slow current of dry carbon dioxide was passed over 
tile mixture to prevent oxidation of the amino-compound. The 
temperature was raised to 120® and 1 gram of powdered zinc 
chloride added. Iho whole mass was wadi stirred and tlm tempera- 
ture maintained at 150— 160° for one and a Iialf hours. The con- 
deusution product was washed with cold dilute hydrochloric acid 
and then with boiling water. It crystallisc'd iii needles from dilute 
acetic acid and did not melt at 300® (Found : X 7 T9. C,oH ,0 N., 
requires X 7*00 per cent.), ' “ 

2 : i^DiphtMimbopkenoh C6H3(On)[X:{CO)^:C6H4],3. 

Equwalent proportions of the diaminophenol hydrochloride and 
Pithalic anhydride were trent(T exactly as described above. The 
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substance was crystallised from a mixture of acetic acid and 
and obtained in colourless needles, which melted and decoinposod at 
247° {Found : N = 7-41. C 22 Hi 205 N 2 requires N =. 7-2i) 
cent,). 


i'-DimethylaminO‘2 : 3 : 14rihydroxy-^-phMiyljluoronp. 

A solution of 1 gram of ^-dimethylaminobenzaldehyde and 2 grants 
of hydroxyquinol in 12 c.c. of 50 per cent, alcohol was treated with 
1-5 c.c. of concentrated sulphuric acid {d 1-84) and kept at the 
ordinary temperature for three days. It was then boiled on tho 
water-bath for half an hour and allowed to cool, when the sulphate 
of the dyestuff crystallised out in beautiful orange, shining plates. 
This was filtered off, washed vAih alcohol, and dried in the steao 
oven. It sintered at 250°, but did not melt at 300°. The free base 
was liberated by boiling the sulphate with dilute aqueous ammonia. 
The dyestuff is sparingly soluble in the common organic solvents, 
but dissolves readily in alkali with a reddish-violet colour, and 
imparts the same shade to chrome-mordanted wool. It doe;< 
not melt at 300° [Found : for the sulphate, IlgSO^ ^ 2842, 
{G 2 iHi 705 N) 2 , 3 H 2 S 04 lequircs H 2 SO 4 ^ 28-82 per cent. Found; 
for the base, C -- 69-23 ; H - 5-47. requires 0 - 6944, 

H — 5-23 per cent.]. 

i'-I)imethylammo-\ : 3 : ^drihydroxy-^-phenylflmrone. 

As in the last experiment, p-dimethylaminobenzaldehyde was 
condensed with phloroglucinol in presence of sulphuric acid. The 
sulphate crystallised from dilute sulphuric acid in small, brownish, 
red plates which decomposed at 255°. The dyestuff was obtained 
from the sulphate by boiling it with a very dilute solution of 
ammonium hydroxide. It is easily soluble in alcohol or acetone 
and is obtained from hot dilute alcohol as an orange, ainorplious 
powder which does not melt at 300°. It dissolves in alkali 
with an orange colour, and imparts the same shade to chrome- 
mordanted wool [Found : for the sulphate, HgSO^ = 28- (S. 
(C 2 iHi 705 N) 2 , 3 H 2 S 04 requires H 2 SO 4 - 28-82 per cent. Found: 
for the base, C -= 69-34 ; H - oAl. C 21 H 47 O 5 X requires C = 69-44; 
II = 5-23 per cent,]. 

2:4:5: 1 -Tef ra-ami.no A^-dimeihylamino-d-pke.nyljluorone 
Trichloride. 

A mixture of 1 gram of p-dimethylamiriubenzaldehyde and 2 - 
grams of 2 : 4 -diaminophenol hydrochloride was dissolved in 19 c*'- 
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of 50 per alcohol with 3 c.c. of concentrated hydrochloric acid 
and the solution was left for twelve hours at the ordinary tempera- 
ture. The fine orange -yellow, crystalline mass that separated was 
jiltered, washed with absolute alcohol, and rocrystallised from a 
mixture of alcohol and dilute hydrochloric acid, and was obtained 
in deep yellow needles •svhich became orange when dried at 100 
The substance decomposes at 34o — 252°. It is easily soluble iu 
water or dilute mineral acids, Init is insol iibh^ in alkali. It dyes 
chrome- mordanted wool givyish-black (Found: 14-73; 

e’1^22‘i)0. C^iHgiON^Cly rcM|uires N=^]4-04; Cl 22-73 per 
emit.). 


4' : A"' -Teiramethyldiamino-'i : o-diKydroxyjncJisonG, 

0:C6H2(0H)2:C(CeH,'NMe2)2.' 

Three grams of Mchler's ketone were heated with 3-5 c.c. of 
phd.sphoryl chloride {d 1-69) for ten to fifteen minutes on a water- 
bath. To the green melt two grams of finely powdered hydroxy- 
quinol were gradually added v'itli eon slant stirring. The heating 
on the watcr-hatli was continued for two more hours, after which 
the mixture was dissolved in 30 per cent, acetic acid and the dye- 
stuff precipitated from the solution by the addition of sodium acetate . 
It was purified by dissolving it in sodium carbonate solution and 
precipitating with glacial acetic acid, and Avas thus obtained as 
a deep violet powder Avhich did not melt at 300°. The sub- 
stance dissolves in alkali carbonate with a bliie-blaek colour and 
gives a greenish-black shade on chroine-inordantcd wool (Found: 
X - 7-30. C 23 H 24 O 3 X 2 requires \ ^ 7*44 per cent.}, 


4' : A''-Tdramethyldiamino-^ : ^-dikydroxyjnchsonv. 

This was prepared by the preceding process, phlorogliicinol being 
employed instead of hydroxyquinol. The dyestuff was obtained as 
a brownish-violet powder which did not melt at 300'. It dissolves 
in alkali with a fine bluish- violet colour an.d gives a blue- black shade 
on chrome-mordanted wool (Found : N 7*08. C 23 H 24 O 3 N 2 
requires N ^ 7*44 per cent.), 

Benzmmzohydroxyiiainol, C(jH 5 *X:X*( V,H 2 (OH) 3 , 

One gram of aniline was diazotised, treated Avith an alcolmlie 
solution of 1-3 grams of hydroxyquinol, and the mixture, after being 
A\ell stirred for five minutes, aa'us treated Avith sodium acetate, Avliieh 
precipitated the azo-eompound as a broAvnish-red mass. The whole 
mass Avas well stirred for half an hour and kept over-night. It 
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was filtered, washed, and the azo-compound obtained from hot dilute 
alcohol in small brownish -red needles which melted at 
The substance dissolves in alkali with an orange-red colour andgive^ 
a brownish-red shade on chrome-mordanted wool (Found : K = 
C13H1PO3N2 requires N 12-17 per cent.). 

In conclusion, the author expresses his sincere thanks to Pro. 
fessor E. R. Watson for liis kind encouragement and valuahk 
suggestions. 

Dacca Collficf: L.\BORATOin% 

Dacca, liKNUAC, In'iua, [Recei red, October 2^th, 


JjXl\—The Rexteiion between Iodine and Stdphvrou,^ 
A ckl 


By Robert Milroy ^Iacaut.ay, 

It is stated in most text-books of analytical chemistry that in the 
estimation of sulpluiroiis acid by means of iodine correct result 
are obtained only when tlie sulphurous acid has been added to 
the iodine ; and that when iodine solution has been added to 
sulphurous acid the results mv. invariably low. 

The following experiments wore undertaken will) the olijcct ul 
forming a decision in respect of the several explanations (hat liiivi* 
been given of this phenomenon, and of determining wliHlicr l!c 
complex formed between sul]ihur dioxide and hydrogen iodide 
(Pechard, Cornpf. rcml, 1900, 130, 1188) lias any inOuenee on tile 
reaction. 


Exp e ti I E N T A L, 

The solutions of sulphurous acid employed Averc prepared by 
passing sulphur dioxide from a siphon into air-free AAuter until the 
solutions were of the desired strength. 

In the titrations, stoppered bottles were employed; and avIioii 
the reaction Avas almost complete*, the stopper Avas inserted, ami 
the bottle shaken. 

Since the concentration of the sulphurous acid solution quickly 
decreased on keeping, only the experiments perfonued at t e 
same time gaAx comparable results. Tliese are recorded in tic 
same horizontal line in Table I. 
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Table I. 


C.c. of 

C.c. of 

Cone, of SO^. 

C.c. of 

Cone, of SO 

A 710 - 

uso. 

Grams 

C.c. of A710-iodine 

Grama 

ioclino. 

rcq\iired. 

per litre. 

H;jSOa. required. 

per litre. 

10 

10-00 

1-673 

20 9-95 

1-581 


20-.">0 

1-551 

)> 9-75 

„ 20-30 

1-550 

20 

21-00 

3-080 

\\ 19-05 

3-OSt 


U-90 

4-320 

„ 26-80 

4-313 


lo-OO 

4-291 

,, 26-45 

4-258 


14-95 

4-293 

„ 26-70 

4-290 


9 

Results similar to that of experiment 2 were frequently obtained, 
especially when the iodine solution was added quickly. When 
stronger solutions of sulphurous acid than the above were employed, 
{‘oncordant results were not obtained, addition of the iodine solution 
to the sulphurous acid invariably giving lower values than those 
ebtained by inverting the order of the addition, 

When the sulphurous acid was approximately Xj5 or stronger, 
a yellow coloration was produced on adding iV/ 10-iodine. This 
coloration was due, not to free iodine (Pechard, loc. cit. ; compare 
also Fox, Z. physikal. Chem., 1902, 41, 458), but to the formation 
of the compound SOgjHI. On adding more iodine, the colour 
deepened up to a point, and then became paler again, the solution 
being colourless when the titration was nearly completed. Thus 
it would appear that the compound SO^,!!! did not interfere with 
the reaction, the sulphurous acid being oxidised by the iodine in 
the usual way. When more sulphurous acid was added to the 
liquid, the yellow coloration again develoiJed. The solution was 
then, kept for twenty-four hours, but no separation of sulphur took 
place. The yellow colour deepened on the addition of hydriodic 
acid, but sulphur was not deposited. This disproves Volhard’s 
theory {Annalen, 1888, 242 , 93) of the reduction of sulphurous acid 
to sulphur in solutions up to about Njo. 

Experiments 3 and 4 were performed under comparable conditions 
in an atmosphere of carbon dioxide ; in the former, 5 c.c. of hydriodic 
acid were added before titrating. 

A solution of sulphur dioxide in air-free water was stored in a 
bottle tilled with carbon dioxide, oil being placed on the surface of 
the liquid to prevent loss of sulphur dioxide by evaporation, An 
atmosphere of carbon dioxide was maintained in the bottle, and 
m the burette, with which the bottle was connected. .Vn attach- 
ment was made to the nozzle of the burette, so that the sulphurous 
acid was delivered at the bottom of the receiving vessel. Titrations 
performed in an atmosphere ol carbon dioxide gave the results 
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recorded m experiment 5. The erratic results often obtainpri 
under other experimental conditions would therefore appear to 
due either to loss of sulphur dioxide by evaporation or to oxidation 
of sulphurous acid by air. 

These suppositions were tested by means of titrations made 
with (experiment 6) and without (experiment 7) the burette 
attachment; in both cases the bottles were filled with carbon 
dioxide, tn experiment 7 the results differed by approxiniatelv 
1 per cent., and were lower than those obtained in experiment i 
which agreed within the limits of experimental error. Thus it 
would appear that the loss of sulplmr dioxide by evaporation is 
appreciable. 

The titrations were repeated, the bottles being filled with air. 
The burette attachment was employed (experiment 8). 

At the same time, the experiments were repeated, the botlles 
being first filled with carbon dioxide (experiment 9). 

From these results it is apparent that the erratic and Itnv 
results obtained by titrating sulphurous acid with iodine arc duo 
wholly to loss of sulphur dioxide by evaporation. It was also 
observed that the stronger the sulphurou.s acid, the greater \va? 
the difference l:)etwocn the results of the two methods of titration; 
and the more quickly the iodine was added, the smaller was tho 
difference. 

In many cases the titration of sulphurous acid with iodine 
appeared to be finished, the yellow colour (due to free iodine) 
persisting when the bottle was merely rotated. On inserting the 
stopper, however, and shaking the bottle, the colour disappeared, 
and an appreciable amount of iodine solution had still to be added 
before the oxidation of the sulphurous acid was completed. Thh 
showed the presence of an appreciable quantity of sulphur dioxide 
in the space above the liquid in the bottle. 

The foregoing experiments were repeated with sulphurous acid 
of different strengths; the values given above are typical results. 


Sod i u m S u Iph lie, Solution , 

When iodine solution is added to sodium sulphite solution, lover 
results are obtained than in the reverse process. In this case the 
lowness of the results appears to be due to oxidation of sodiura 
sulphite by air, This was demonstrated by performing the titra- 
tions in an atmosphere of (1) air, (:i) carbon dioxide. _ 

In the former case the result obtained by adding the lodin? 
solution to the sodium sulphite solution xvas lower than t a 
obtained by adding the sodium sulphite to the iodine. 



IODINE AND SULPHUROUS ACID. 


555 


Iji c‘i-se (2) similar results wore obtained by both motfiods, and 
. V jJgj.ecd with those obtained by titrating iodine solution 
^idified with hydrochloric acid) with sodium sulphite solution ; 
nid also with those obtained by an indirect titration. 

' In the following experiments the sodium sulphite solution was 
ared by dissolving crystallised sodium sulphite in air-free 
^'ntcr and storing the solution in a bottle connected with a two-way 
burette' an atmosphere of carbon dioxide was maintained in 
the bottle and in the burette. 

In an ainiospJiere of air. 

(a) 2'2'45 C.c. of sodium sulphite required 21-55 c.c. of N jlO- 
iodiner Concentration of Xa.SO^ - 6-049 grams per litre. 

(6) 20'2() C.c. of A'/l^dodinc required 20-85 c.c. of sodium 
sulphite. Concentration of NugSOg - 6-105 grams per litre. 

(c) 19‘05 C.c. of J\'/I0*iodine 4- 16'77 c.c. of sodium sulphite 

rrquired 2*85 c.c. of /1 0- thiosulphate. Concentration of NagSOg 

- ()’088 grams per litre. 

(d) 15-96 C.c. of x\'/10-iodinc -f 14-80 c.c. of sodium sulphite 

- 1 gram of sodium hydrogen carbonate, titrated immediately, 
i-equired 1-68 c.c. of iV/lO-thiosulphatc. Concentration of Na2^S03 

(i-lOl grams per litre. 

(e) 16-10 C.c. of sodium sulphite 

4- 1 gram of sodium hydrogen carbonate, titrated after fifteen 
minutes, required 0-43 c.c. of iV/10- thiosulphate. Concentration 
of Xa2S03 ^ 6-096 grams per litre. 

2. In an atmmphere of carbon dioxide. 

(rt) 22-10 C.c. of sodium sulphite required 21 '42 c.c. of NjU)- 
iodine. Concentration of Na2S03 -- 6' 108 grams per litre. 

[b) 21-25 C.c. of X710-iudinc required 21-9.) c.c, of sodium 
sulphite. Concentraliun of Na.^SOg ^ 6-101 grams per litre. 

Kesults 1 [d] and (e) ditfer from tliose of Ru])p (Bcr., 1902, 35, 
3694), who .states that keeping of the solution for lifteen minutes is 
necessary for the complete oxidation of sodium sulphite in the 
pre.seuce of sodium hydrogen carbonate, as the rate of oxidation 
of .sodium sulphite is slower than that of sulphurous acid, or free 
.sulphur dioxide. This is contrary to experience, sulphur dioxide 
being more easily oxidised in presence of alkali (Raschig, Z. arigetv. 
Chem., 1904, 17, 577), Addition of sodium hydrogen carbonate 
also seems unnecessary, since the reaction Na2S03 1^ + ^2^-^ 
= 4-2111 Ls not reversible. 
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ConcliisioTis. 

Sulpliurous acid is quantitatively oxidised to sulphuric acid h\ 
i\^/10-iodmc, mthout the separation of sulphur. The intermediate 
formation of the yellow compound, S02,HI, which occurs in solutions 
of moderate concentration, has no influence on the final result. 

The low results obtained when sulphurous acid is exposed to 
the air during the titration are due entirely to evaporation of sulplj^r 
dioxide, the amount of atmospheric oxidation being negligible. 

Sodium sulphite solution is more readily oxidised than sul 
phurous acid; consequently atmospheric oxidation is a disturbina 
factor when sodium sulphite solution is titrated with iodine. 
Since the reaction between sulphurous acid and iodine is not 
reversed under the state of dilution obtaining in volumetric analysis, 
the addition of sodium hydrogen carbonate to neutralise hychiodie 
acid, as when solutions of arsenious compounds are being titrated, 
is unnecessary; and since a sulphite solution is so quickly oxidised, 
it is not necessary to allow a time interval for such oxidation by 
iodine to be completed. 

The author desires to express his tlianlis to Professor P. M, Caveii 
for suggesting this w’ork, and for the interest he has taken in the 
matter. 

Chemistry Dkeartment, 

The Royal Technical College, 

Glasgow. 


[Eeceived, January 20th, l‘)2A] 
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lj\y,^The Oxidation of oL-DinaiMiaxanthens. 

Bv Hkmkndr^v Kumar Sun-Oupta and 8tam.ev Hohwood 
Tucker. 

Tiu' condensation of oc-naphthol witli various ketones has })een 
investigated by one of us (Sen-Gupta, T,, 1914, 105, 399). The 
communication has arisen out of an iiu'estigation of tlu* 
oxidation of the products of condensation of a-na])hthol ^^■ith acetone, 
methvl ethyl ketone, diethyl ketone, and methyl ».-propyl ketone 
iv'poctively. In general, in the oxidation (jf any ])artieular anhydro- 
1 ■ i-dihvdroxydinaphthyldialkylmethane by means of sodium 
bichromate in glacial acetic acid solution, there are formed simul- 
tatieously two products : one, deep orange to red, and the other 
a hrilliant yellow, 

The colour of these products suggests that they contain an ortho- 
(|uinonoid and a para-quinonoid grouping respectively, and in- 
ve.4ituitioii confirms this idea. Thus the orange oxidation products 
are readilv reduced, bed form unstable dihydroxy-derivatives. If, 
iiow-^Tr, reduction is ejected in the pre.seiice of aeetylating agents, 
>tal)le diacetyl derivatives can be isolated. By the action of 
o-nhenylenodiamine in glacial acetic acid or in alcoholic solution 
(juinoxalines are formed. Whereas the parent anhydro-conipounds 
funn mono- and di-nitro-derivatives, the orange oxidatif)n products 
fnrm inononitro-derivativcs only, indicating that one na])hthalene 
Lm)up ha.s become oxygenaicd, leaving the other still free for nitra- 
tion. The alkyl groups are unaffected in tlic oxidation process. 
There is no evidence of xs hone formation. Hence tlie structure 
oi the orange oxidation products may he rc])resented by I, which 



classes them a.s ortlio-diket . .lkyldihydro-7.-dinaphthaxantheiis. 
I'he iiitro-group of tlie mononiiro-derivative is therefore probably 
lire.sent in position 9, the quino:'"aIiiie nucleus is formed at positions 
•» and 0, and the diaoely! derivative of the nn.stable reduction 
product referred to above contains its acetoxy- groups in positions 
a and 6. 

: (i-T)iketo-7 : 7-dimetli vl-5 : b-dihvdro-a-dinaplithaxanthen and 
VOL. CXXI. ' ‘ X 
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the corresponding methyl ethyl and diethyl compounds iiormaiij. 
give moiionitro- derivatives, but attempts to prepare a mcnoittri,. 
derivative of 5 : 6-diketo-7-raethyl-7-n-propyl-5 : G-dibydro-'Mij. 
iiaphthaxantlien by the usual method, that is, treatment of 
glacial acetic acid solution of the diketo-eompound with 
nitric acid at 100^ have failed. Consequently, nitration ua's 
attempted iu the hoiling solution. No iiitro-corapound separatol, 
but the mixture left, after evaporation, a eiystalliiie rc.ddiu' ('tiii. 
taining phthalic acid. A similar experiment with 5 : (i-dikc,*,, 
7 : 7-dim('thybr) : (l-dihydro-a-dinaphthaxanthen, performed in 
Ijoiling glacial acetic acid, gave ri.se likewise to phthalic acid, U\ 
mixearw^ith a eoiisidorable quantity of a yellow nitro-eompounti, 
The 5 : 6-diketo-7 : 7-dialkyl- 5 : (1-dihydro- a-dinaphthaxanthciis 
are very sensitive to light. If they are preserved iu the dark, r,. 
decomposition will occur, but exposure to sunlight clmngc.. tlu- 
colour from deep orange to bright scarlet. They arc further 
characterised by high melting points and sparing solubility. 

Tlie yellow oxidation products ditlcr notably in properties fniui 
the oraime oxidation procluct.s, dhc yellow products caiiudt In- 
nitrated; they can be recovered unchanged from fuming nitrk- 
acid. From this it may be inferred that the oxygen atonic an- 
arranged .symmetrically in the naphthalene ring system.^. They 
do not giNC quinoxalines with o-]>heiiylcncdiami]U'. Tlieir colnur 
and other properties indicate that tliey possess the iiara-rpiitioiKiid 
grouping, and their .structure is accoj-dingly represented by formula 
II, that is, they are di- 2 -y.-naphtha(iuiiionyldialkylmetlianes. 

In all their reactions these substances behave as x-najilitlui- 
quinonc. Sulphur dioxide has no effect ou them, hut zinc dust in 
glacial acetic acid brings about reduction to 5 : 9-dihy(lroxy- 
7 : 7 -dialkvI-a-dinaphthaxanthens; the expected 1 : 4 ; 1' : 1 - 

tetrahyclroxy-l^ri-diiiaphthyldialkvhuethanes cannot lie isolatid. 

The course of the reaction is readily explained thus : 


(il.) 





ho! 


Ah! 


K ir 

( 111 .) 


K tr 

(IV.) 


Anhydride formation is to be expected in sucli circmiistanm. 
The chancre Hi IV is exemiihlicd in numerous instances; 
example, Copisarow and Weizmanii {T., 1915, 107, 880) prepam. 
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from di-l-ethoxynaphthylphthalide the stable a-naphthaphthaiein 
ind converiocl this hydroxy-oompound into its aidiydride « 
lapiitiiaduoraiL. Tliat the final product of tl)c reduction of 
laplithaquinonyldialkylmetliano is a dihydroxY-eompound (lAh 
indicated by the formation of the diacetyh (iibenzoy], and dimeth\d 
derivatives. The diaeetoxy-compouiids ajv i.sojnefio with the 
caTesponding o : G-diacetovy-T : '-dialkyb,.dinapht]iaxanthen.s 
prepared by the reduction and subsequent acetylation of tlie 

: (i-diketo-T ; T-dmIkyl-.'i : G-dihydi\>a-dinaphthaxanthens (1), 

Tile (ry.<lals of tlm dili ydroxy-eojuiKmiuis formed in glacial acetic- 
arid .-^olutimi have been ineasutvd. A (do.se crvstajlocrrapjue 
oimhirity. pointing to isomorphism, exists bciwc^en 5 : D-di]ivdn»xv 
7;7..1imethyl-...dinaphthaxanlh(m and the corre.spojjding'diethvi 
c.iinpound. The crystals of 5 : 9-dihy(lroxv-7-methy]-7oi-])]-,q>v] 
;odinaphtIiaxaathen, which do not coutam acetic acid do luw 
resemble the above. ’ 

:);9d)ihydroxy-7:7olimethyl-.wlinai)]iThaxa]dhcn reacts with 

chlorine to give a crystalline eh[oro-am'ivati\ e. 


\«tli the object of elucidating tl.e constitution of tlic chlom 
eo.u|,ound prepared by one of us (Sen-Gnpta. he. eil ) In- the 
ary,n p chlormc on anliydro-?-! : l-dihydroxydinaphfl>vlprojm„e 
allempls have ])een made to replace the tiro livdioa-yl groups in 
..yah lydroxjy : T-dimcthyl-a-dinaphtliaxantlien bv 'chlorine, 
Ihioiiyl chlontle reacts mth the comj)ouud, and tlicrc’ i., formed a 
crystalline substance which contains chlorine and no .sulp],,,,.. n, 
investigation is in hand. i > ■ 


Finally it may be said that the considerations adduced above 

■n-ove that the anhydrodihydroxydinaplrthyjparaffins (Sea-Giipta 
'»(• cd ) are 7 : 7-d]aikyl.7.-dinaj)bthaxHnt]icns, and they are 
c^ignated as such in tlie experimental portion of this paper.' 


A r Jh 11 d M 

0..;W,lion 0/ 7 : , 

(hhjilroxiiih ar/p/d/iyfp,-opaa(-) , ( Ai Oy<, 


^>0. 


byhuin dichromate (ir, grams) .s ad, led during tiventr minutes 

ilhl™ T ^'7'' '"I""' «i'tcr each 

i" w<hcd «f , 'll' ^‘'Pni'ales 

In .1 ’”=*'* "»■ *''""'1'- '■«! liltrat is free 

for two hours «-,th more sodium dichromate (lO-)i 
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grams) and poured into water. The yellow, flocculcnt precipjtai,. 
is ^^•di- 2 -c^-na 2 )h(Mquinonylpro 2 ')an€. 

These two products may also bo separated tluis The luixtiirr 
is dissolved in a slight excess of boiling glacial acetic acid. 
the solution has attained room temperature it is filtered froiii ihe 
orange crystals— which separate practically pure— and to 
filtrate excess of fuming nitric acid is added and the solution niain. 
tained at 100^ for half an hour. The insoluble nitro-derivatiYe i. 
removed, and the filtrate deposits the yellow’ product in a puif. 
condition. 

5 : (]-Diketo-1 : 1-dimethjl-j : {\\ 

crystallises from glacial acetic acid, or from pyridine diluted with 
water, in dark orange needles, melting at 287° (Found ; 0 81'2; 

H-4-7. C. 3 Hi /)3 requires C = 81-2; H - 4-7 per mit,]. p 
is sparingly soluble in alcohol, acetone, ether, or carbon tctraehlorkl,^ 
but readily soluble in pyridine, benzene, nitrobenzene, or chlon.. 
form. It dissolves in concentrated sulphuric acid to form a deep 
bottle-green solution, which darkens to purple on heating. Biwiiiiw, 
added to the glacial acetic acid solution of the substance, catises.nn 
boiling for a few seconds, the precipitation of salmon-colniirwl 

needles. The, se have not yet been examined. 

A ?«onon?V ro-derivative is obtained by dissolving o : 6-diketo-i ; i. 
dimethyl-5 ; 6-dihydro-a-dinaphthaxanthen in glacial acetic acid, 
adding exce.ss of fuming nitric acid, and maintaining at 100^ k 
half an hour. The nitro -derivative, which is sparingly soluble in 
acetic acid, crystallises in long, yellow needles. It is very soluble 
in hot nitrobe'nzenc. It shows signs of melting and decompositi.m 

at 330° (Found ; N = 3-8. ^ 

If however, faming nitric acicl is added to the glacial aoctic 
acid solution ’and the mixture is boiled, the reaction will take a 
different course, The solution was boiled for a quarter of an hour 
and then evaporated to dr v ness. The yellow oil thus obtaiiMl 
on standing, crystallised in small, white needles, which appeared t. 


be phthalic acid. ^ ., 1 -.. 

The QuinoxaVnu - A solution of 5 : (i-diketo- / : ; -dimethyl-) ■ > 
dihvdro.a-dinaphlhaxantheii (1 gram) mixed with o-pieiiyeir 
diamine (0-8 -ram) in glacial acetic acid (10 c.c.) )s wanned, am A 
pale yellow, crystalline solid that is deposited is recrystal isHl no ■ 
cUcial acetic acid and then from alcohol in pale brown needles »li« i 
molt at i51--’5r (Found: C = 84.8; H ^ .VD: -\ - F 
requires C 84- 5 ; H = 4-9 : X = 6-8 ^ 

C) (y-Diiweloxy-l ',l-diMtthyl-y.‘diH(iphlk(ix((Hthcu. 

7 : 7.dimethyl-r) : 6-dihydro-a-dmaphthaxanthen (1 gram) 
solved in acetie anhydride (10- -12 e.e.) and glacial acctii at 
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iahout 10 o.c.) by boiling, and zinc dust added until the colour is 
(li^chari'cd. Fused sodium acetate (3 grams) is now added and the 
mixture boiled for some time. The acetyl derivative, isolated in 
the usual manner, is crystallised from glacial acetic acid or alcohol 
iu colourless needles melting at 251— 2.'4° (Found: C = 75-7; 
H -= o-l. 027H^2^5 requires C == 76-0; H ^ 5-2 per cent.). 

(II) crystallises from glacial 
•icftic acid, or pyridine diluted with water, in lirilliant yellow ]datcs 
inoUiutT at 245 — 248°. Fuming nitric acid has no action on it 
(Pound: C--:77-3; H =- 4G. requires C---77-r); 

\{ 4-5 per cent.). 

Hrduciioii of ^^■Di'2-y.-napht]uiqiihiO}u/lpropau(^ to 5 : y-IhVD/dmry- 
7 : (IV). 

The propane derivative (I gram) is dissolved in glacial acetic acid 
(25 o.c.) and zinc dust gradually added to ctTect decoloration. The 
mixture having been boiled for a fc\c minutes and filtered, the 
reduction product, which separates on cooling, is recrystallised from 
iflacial acetic acid. Tiie product contains a molecule of acetic acid 
of crvstaUisatioji, which it loses at 120 —125°, leaving a jiink powder, 
ft turns faintly brown at 240° and melts at 254° (Found : C ~ 74-7 ; 
H — 5-5. C!.,;jHig03,0.,ll402 requires C = 74-C ; H = 5'5 per cent.). 

'I'lie crystals are monoolinic ; a : h ■. c = 0-872 : i : l-3Gr>; fi 
99' 43'. Forms : a-lOO}, c;U01|, 

The common habit is elongated 
along the /eaxis and tabular parallel 
cither to fi{100), a.s iu Fig. 1, or tabular 
jiarallcl to c(OOl). Two small crystals, 
al)Out 1 Jiiiu. in (bcir largest dinienslon, 
were found to be measurable, and the 
mean angular values obtained from these 
arc given below : 

n{10U}. ,/r(l!il}. r{(:)in}, 

■J- SIP 29' (-r 31') *49^ 19' 91' P {-!" 1’} 7" [V (0 O') 

90 0 (fFO') 90 0 (DM)') *9 49 *,')4 U 

The aliove product, ('oiitaining acetic acid, is very soluble in fiot 
alcohol, giving a \'iolet fiuore.scing solution, dlic addition of an 
cqua! vuhnue of hot watm’ to this soiutioii effects the precipitation 
t>f colourless plati-s, u hich become brown at 24t>'' and melt at 254 
;!■; b(4or(', Tlie product i-ontaiiis one nuilcciile of alcohol of ei'vstal- 
iKithm (Found ; C 77-3; H - (1-2. ly I requires 

- 77-3; H = G-o p{‘r cent.), ddie ery.stals are insoluble in light 
petrolc.um, soluble in benzene or xylene, and very soluble in ethyl 
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acetate, crystals formed in xylene solution contain xylene of 
crystallisation; they are needle-shaped, and melt at 241— .24P 
Potassium liydroxide solution dissolves all three crystalline products 
to apple-green solutions, wliich become de(?p green on standing 
on warming. 

Thionyl chloride acted on 5 ; O-diliydroxy-7 : 7-dimethyl. 
naphthaxanthen with evolution of liydroehlorie acid, but althuucjji 
crystalline products were obtained and shown to contain ehlnriitr. 
and not sulphur, no pure compound could be isolated, 5:1). 
Dihydroxy. 7 : 7 -dimethyl- x-dinaphthaxanthen reacts with ehloriito 
in a boiling solution of glacial acetic acid to give pale green crystals, 
which melt at 242 — 244^^. 

5 : d-Diacetoxy-l ; prepared by 

boiling the dihydroxy- com pound with excess of acetyl chloride umil 
a crystalline precipitate commences to separate, or with acetic 
anhydride and fused sodium acetate, cry.staliiscs from glacial aoetk 
acid in needles melting at 2119 —241° (Found ; C — 75-9; H - .yi. 
027H2.>05 requires C — 76-1 ; H — 5-2 per cent,). 

5 : d-Dibenzoyloxij'l : IdimpJhylji-dinapMJMxantkeii is prepared 
bv boiling 5 : 9-dihydroxy-7 : 7 -dimethyl- x-dinaphtliaxanthen witli 
sufficient benzoyl chloride to dfcct solution. After one miriuteb 
boiling, the solution, without addition of caustic alkali, is poured 
into water, and the readily precipitated di benzoyl derivative 
separated. It ery.stallises from glacial acetic acid in pointed lamiiue. 
which melt at 239—240°. The crystals contain one molecule a{ 
acetic acid (Found: 0 = 70- 6; H 5-1, b' 37 ll 2 Q 05 ,( Jl/b 

requires C - 7(v7 ; H - 4-9 per cent,). When luxated at 1402 the 
crystals lose acetic acid of crystallisation, but the powder 
as before, at 239- 210° (Found : acetic acid = 9-8. Cs^H.^O-, 

C2H^0.> requires acetic aciel = 9-8 per cent.). The o^cn-dril.M 
product crystallises from pyridine (Found: F = 80-8; 
requires C = 80-7 ; K - 4-7 per emit.). 

5 :'9 - Dimefhoxy -7:7- dinidhyl-’^-dinaphthaxanthen. — 5 : 9- IF 
hydroxy-7 : 7 -di methyl- x-dinaphthaxanthen (1 gram) is dissolved lu 
potassium hydroxide solution (9 c.c. of 15 per cent.) and the apple- 
green solution treated with metliyl sulphate (0'7n gram), vlmcupwi 
a salmon-coloured precipitate separates : this is crystallised from amyl 
alcohol in pale salmon plate.^n which show signs of change at 
and melt at 201° (Found : t' 89-/ ; II t>'9. i 
TF-SM: K - thU per '•cat,), ^ 

I'hc sub.stauce dw'ompuso''’ when it is heated, and a \ap‘iii ^ 
evolved having a naphtholic otloiir. It di'^solves in coki conuu 
trated sulphuric acid to a yelIo^^'-^^^] solution, which becomes liro 
on w^arming. It is insoluble in etliyl acetate, elliyl alcohol, or life 
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^troleiim. glacial acetic acid, and soluble in 

-^^^‘ctone, pjTidinc, aniyi alcohol, carbon (lis\]lp]hcle, chloroform, 

' j^iline, benzene, or nitrobenzene. Tt crystallises well from amyl 
alcohol, pyridine, or benzene, 

^^ubstance melting fit 250'^. — The crystals separating from a benzene 
solution behave abnormally. They are bard, warty, and nearly 
uTite: on cU'ying at 120 T they fall to a powder which melts at 
•iVi- A nuxturc with the above-described diinothoxy-eompound 
at 243^. The investigation of the substance is being 

continued. 

Oxideition of 7 - M cth yl- 1 -ethyl- x-di v ophthaxanth en ( J nhyd ro- 
Pj-di h yd roxydi n (iphihylhvfnne), 

7-Mctlivl'7'Cthyl-a-dinaphthaxanthcn is oxidised with sodium 
(liehroinate in glacial acetic acid as described under the oxidation 
of 7 ; 7 .dimet.hyl- 3 c-dinaphthaxanthen, and the resulting orange 
. 7 : 0 -(liketo- 7 -metIiyl- 7 -ethyl -5 : 6 -dihydro- a-dinaphthaxcnthen and 
the vellow 3 pj-di- 2 -a-naphthaquinon 3 dl)utano are separated as in 
that case. 

5 ; %-DlMo-l-meA]ujl-^i-('thjl-iS : td-dikydro-'i-dinapWuixeinihe.n (I) 
(‘iUi be eiystallised from glacial acetic acid, or from pyridine diluted 
with water, in orange needles which molt with decomposition at 
'JT 0 \ The crystals become scarlet wlnm they ar(' exposed to sun- 
htiht (bound : C 81-4; H — 5-1. (WbfjgO. requires 0 = 8T4; 
H = 5-1 per cent.). 

A //) 0 //o/nVrU'deri\ ati^■e is prepared similarly to its lower homo- 
loeue; it crystallises in pale salmon-coloured prisms which melt at 
otil'. showing signs of change at 207° (Found : X ^ 3-G, C^ 4 Hj- 05 K 
ivquire.s X = 3-5 per cent.). 

Tlie quinoxidine is prepared as the corresponding quinoxaline 
from 5 ; 6-(liket()-7 ; 7-dimethvd-5 : 6 -dihydro-T!-dinaphtliaxanthen, 
It erystallises from glacial acetic acid containing a small amount of 
alcohol ill short, bright yellow rods, which melt at 236 — 241° 
(Inmud: X — 6 o, Cj^oH 220 XX requires X — 6-6 per cent.). In 
certain preparations, a bright yellow, crystalline material was 
olitained which melted at 225—227°. The quinoxaline is soluble 
in lienzem', glacial acetic acid, acetone, ethvd acetate, or pvTidine, 
slightly soluble in alcohol, and insiTihh* in light petroleum. It 
dss.'olve.s in pyridine to a red solution which exhibits a deep green 
Ihujre.scence, similar in lint to that of iluoreseein. The solution in 
<‘tliyl acetate is 3 ’ellow and shows a pale green lliiorescence. 

5 : ^-Diaceloxy-l -uieth yl-1 -elhyl-oL-dinaphihaxanthf. n is prepared 
from.-) ; 6 -diketo- 7 -methyi- 7 -cth 5 d- 5 : G-dihvxlro-x-dinaphthaxanthen 
similarly to 5 ; 6-diacetoxv-7 ; 7-dimethyl-a-dinaphthaxanthen. It 
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crystallises in colourless needles which melt at 242 244“ (Found' 

C = 76-7; H = 5*4. C23H24O5 requires C = 76-4; H 5-4 ptr 
cent,). 

^^.Di-2-oL-7iaph(ha(iu.inomjlbufane (11) crystallises from glaejj] 
acetic acid in yellow laniinm which melt at 219 — 220°. [t exhitits 
all the properties of its lower homologuc fFound : C 7.0 . 
II = 4-9. C.24Hi,^ 0^ requires C - 77*8 ; H - 4-9 per cent.}. 

Reduction of to o : 9-Z)i7(y/ro;,-Y. 

l-mcth/ll-eihijl^-dinaphthaxanthen (IV). 

The reduction proceeds in an enlirely analogous manner to that 
of the corresponding dimethyl compound. Similarly also, tlu- 
reduction product is quite stable and readily purified. 

T) : 9-i^/Ay7mr//-7- um//i///-7 3t-r/f /; a pJdhaxanthen crystallises 

from glacial acetic acid in colourless, thick, hexagonal plates contain- 
ing a molecule of acetic acid of crystallisation, which is removed cm 
exposure to the air (Found : acetic acid — 14-3, ^04H2(j(),j,( 
requires acetic acid -^14-4 per cent.). The resulting mauve- 
tinted powder darkens at 285° and melts at 299° (Found : == 804!; 

H — 5-7. 024H2 o 03 reijuircs C = 80-9; H o-G per cent.}. This 
dihydroxy*compound also crystallises from alcohol; the sohitifin 
displays a pale \'iolet fluorescence. 

5 : d.Diacetoxj/-l-mefh}jl-l-('fhjil-oLJinaphthaxanthen, prepared in 
the usual maniuT, crystallises from glacial acetic acid in wliite, 
warty crystals, u-liieh melt at 221—223°. It is sparingly snluhli. 
in alcohol (Found : C ^ 76-3 : H - -rb. 0., JI24O5 requires 
C ^ 76‘4 ; H - 5-5 per cent.). 

5 : d-Dibenzoijlox!pl-m(thi/ll-eihi/lxxUnaph(kaxantk(oi is formed 
by heating the dihyih'oxy-comj^ound with excess of benzoyl chloride 
for one minute only. The solution is poured into water containing 
a small amount of alkali, and yigorously .stirred, and the product 
then separates as a white powder. It is sparingly soluble in glacial 
acetic acid, from Avhich it crystallises wcdl in colourless, slioit rods 
melting at 235—237°. It is yery soluble in benzene and slightly 
soluble in alcohol ( Found : — 80'7 ; H — o‘2. C3gH2g05 require^ 

C — 80'8 ; H o-'O per cent.). 

5 : ^)-Dimethoxjp1-mxthyl"-ethjjl- -d i n aphfhaxa n the n .—The addi- 
tion of methyl sulphate (Ow.") gram) to the ])ale apple-green .solutiuii 
(which rapidly turned dark bottle-green) of Ihe diliydroxy-conipoiind 
(l‘I grams) in 15 per cent, potassium ]iydro.\ide (5 e.e.) caustil llic 
deposition of a green prc'cipitate, which lurticd brown and finally 
salmon-coloured, 4‘lic mi.xture was wai incd on the waUa-bath h'l 
a few minutes and st'pai'ated. The produid was crystallised 
glacial acetic acid. At first there separated from the .solution long' 
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salmon crystals, then small, pure white, warty 
(-rvstais. Those melted at the same tomperatutx'. Re})eate(i 
(Tvstallisation gave long, ill-detincd, colourless crystals, which 
,ji;itcd at 228-230MFound: (1-^80 9; H 

requires C = 81-2 ; H = 6*2 per cent.). The substance resembles 
: 9-flimethoxy-7 : 7-dimethyl-a-dinaphthaxanthen in solubility, 
but appears to be generally more soluble. It crystallises well from 
amyl alcohol, in which solvent it gives rise to a faint violet fluores- 
cence. 


Oxhiadon of 1 : l-Dkihyl-ct--dinaphihaxanthen {Anhydro-y^\ : l-di- 
hydroxydinaph (kylpenianp). 


The experiment is conducted as given under tlie oxidation of the 
corresponding dimethyl and methyl ethyl compound.s. 

5:6- Viketo -7:7- diethyl - 5 : G - dihydro-a-dinaphthaxanihen (I) 
ory.staiIises from glacial acetic acid in larg(^ crystals, which are deep 
orange when prepared in the dark, i)ut rapidly turn scarlet on the 
surface when exposed to light. The orange crystals melt at 224 — 
227b It also crystallises well from pyridine, acetone, or amyl 
alcohol, and is very soluble in alcohol or benzene {Found : C = 81 *5 ■ 
H ^ .r4. requires C 8To; H ^ 5-4 per cent.). 

A ?aoaom7ro-derivative is obtained in the usual way. It crvstal- 
li.ses readily from glacial acetic acid in salmon-rcd crystals, which melt 
at 282—284*^ (Found : N — 3*5. requires N = 3 4 per 

cent.). 


The quinoxalinc crystallises as yellow rods from a solution con- 
taining equal volumes of alcohol and glacial acetic acid, or from 
jiyridine diluted with water. It melts at 218- -2l0b and is very 
soluble in glacial acetic acid, and sparingly soluble in alcohol 
(louiid ; N = 6-3. (J3^H240 Mo requires N (M per cent.). 

yriyi-^^-naphthiiquinonylpeidQm (il) crystallises from glacial 
acetic acid, or from pyridine, in yellow plates melting at 251'^, 
turning nitric acid has no action upon it (Found: 78-2; 

H ■-= .)-l. C25H2QO4 requires C ~ 78T ; 11 — 5'2 per cent.). 

h A^-LHhydroxy-l \l-dieihijl-ft.-dimphfhnxanth('n (IV) Is prepared 
from the preceding compound by reduction with zinc in glacial 
acetic acid. It crystallises from this acid in the form described 
below. The crystals become opaque at 90° and one molecule of 
dcctic acid is lost. The pink-tinted powder shows signs of change 
at 2.50 and melts at 295° with decomposition (Found : acetic acid = 
14 0. F2aH22f^3>^2K4^2 Tcquires acetic acid 14’0 per cent, 
round: after removal of the acetic acid, C = 80’8; H ^ .5*8. 

< 25W22O3 requires 0 81*1 ; H = 5*9 per cent,), 

t q\.>tallugraphic nieasurcnient revealed that the crystals obtained 
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from acetic acid solution (containing one molecule of acetic acidj 
are monoclinic, a : 6 = 0'834 ; ^ 104® 4.7/ 

Forms: (x|100j, 0,001'. The 001,1 

mon habit is shown in Fig, 2, and is laljujj,,, 
parallel to clOOlj and elongated aloa^ tlio 
6-axis, The crystals are poor; two, hr, ^v. 
ever, wore found to be measurable, and 
the mean angular values obtained ^\•e^e : 

a{100}, c{001}, 

<p 89 " * 51 ° 7 ' 88 ° 16 '( . 1'44 , 

P !H1 21t(~2ir) 89 53 (-1-7'} *14 42 

Oxlddlioa of 1 - }leth(iUl -n-propyl-a.^d{naj^ktki'Xanthen (d n/??/riro.i. 

1 : l-dihydroxydinaphtkijlpentane). 

The reaction is carried out as \\dth the homologues. The viisdd 
reaction mixture deposits the orange and the yellow oxidation 
products after scratching and long standing; their eomijictt. 
separation is difficult on account of similarity in solubility. 

5 : Q-Diketo - 7 - me.t.kyl-l-n-propjjJ-5 : 
melts at 219—220°. It is much more soluble in glacial acetic acid 
than its homologues (Found: C = 8F5; H — 74. 
requires C — 8T5 ; H — 54 per cent.). 

Attem])t.,s to nitrate this compound with fuming nitric acid in 
glacial acetic acid solution failed. The only product separated from 
the reaction mixture and identified was phtbalic acid. 

^^-Di-2-o^-naphihaqxnnonylpentane (II) crystallises from glacial 
acetic acid in thick, yellow’ lamins melting at 203 — 204°. Tliev 
contain acetic acid of crystallisation, rvhich is removed at 130\ 
The resulting yellow powder gave C ” 784: H — 54. 
requires C = 784; H — o’2 per cent, 

RfdHclion of ^^’Di-’2-!:i-naphthaqiiinonylpentane to 5 : ^-Dihijdroxij'i- 
meikyl-1 -n-propyl- :L-dinaphihaxan then [IW). 

The reduction product, obtained in the usual way, docs not 
contain acetic acid of crystallisation. It turns slightly brown at 
275°, and melts with decomposition at 290° (Found : U — 8U T 
H 6’0. C25H22O3 requires C — 814 ; H ~ 6'0 per cent.). 

Crystallographic examination showed that the crystal arc 
orthorhombic, a: b \ c — 0'704 : 1 ; 0‘793. Forms : 6j0]0!, flilO'J,, 
o|Ull. The common habit (sec Fig. 3) is pyramidal, with the 
pinacoids well developed, although the latter arc curved and db- 
torted. Three crystals were measured, and the mean angular valuoi 
obtained for the form o;ll 1; were hs follow : c/j *54° 51'; p 1 ■ 

A dibpMzoyl derivative of 5 : 9-dihYdroxy-7*methyi-7*n-propyl-2' 
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Jinaphtliaxanthen is obtained in the usual way. It cry.staliises in 
colourless rods from glacial acetic acirl, and molts at L> 16 — 218 °. 
\\ \< ainmsl insolubio in nlfoliol, vcrv sf)luhlr 
:,j beiiwne, and ajrprcciably soluble in carbon 
toirachlorido. 

Smmtfurf/. 

I condensation products of ct-na])hthoI 
•ind bctones have been shown to bo dialkyl 
.iibstiUition products of a-dinaphthaxanthen, 
in which the alkyl groups are attached to the 
carbon atom of the p>Tan ring. 

The products examined are those dei'i\'cd 
from a-naphthol and the ketones, acetone, 
nadhyl ethyl ketone, diethyl ketone, and 
iiielliyl H -propyl ketone resjioctively. 

' 2 . Oxidation of these 7 : 7-dialkvl-Tc-di- 
iiaplilhaxanthens has given rise to two series 
of brif^htly coloured compounds, orange products containing an 
ortlm-Tuinonoid grouping, and yellow products containing two 
para-quinonoid groupings. 

3, The orange ortho-diketonos are shown to l^e 5 : 6-diketo-7 : 7- 
dialkvI-5 ; O-dihydro-x-dinaphtliaxanthens by tlie preparation there- 
from of quinoxaliaes : and by reduction to h3'droxy-eompounds, 
and the formation from tliese of diacety! deri\'atives. "Idie pro- 
duction of a mononitro-derivative and the inability to pn'pare a 
diriitro-d('riva( ive are in .support of the ortho-quinonoid structure, in 
which one naphlhulenc ring syste?n is affected and the other un- 
attacked. furtlier action of the nilraling agent, the orange 
compounds are oxidised to phtlialic acid, 

4. The yellow products liave l)e(ui proved to be di-2-a-naphtha- 
quinonyldialkyliiietharies tJie facts tiiat they do not form 
qiiLnoxalines and are reducible to o : O-dihydrox^’-i ; 7-dialkyl-a- 
diriaphthaxanthens, the formation of wliieli evidently follows the 
elimination of water from the intermediate! v formed tetrahvdroxy- 
reduction products, since stable diaceiyi, dibenzoyl, and dimethyl 
derivatives of the 5 ; O-dihvdroxA^-T : 7-diaUv3'l-a-diiiaphthaxantIieiis 
have been obtained. 

0 . The di-2-a-naplithaquinon\ddialkylmethanos arc unattacked 
by fuming nitric acid. 

6. Their reduction products, 5 : 9-dihydroxy- 7 : 7 -dialkyl- x-di- 
iinphthaxanthens, have been examined crystallographically. 

i'ho authors desire to express their indebtedness to the Depart- 
Juent of Scientific and Indiistrial Rcscarcli for the award of a 


Kio. 




568 bakee: change of peoferties op substances on bryixq 

grant ; also their appreciation of tlie kindly encouragement givf.,, 
by Pnifessor W. H. Perkin, F.'R.S., during the course of tlu- xvt)rl^-. 
and gratitude to Miss M. W. Porter, of Oxford, for her kindness Id 
carrying out the crystallographic measurements contained in 
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LX.VL- of Properties of Suhstemces on Drjfmfp 

By Herbert Brereton Baker. 

It was demonstrated in 1912 that the boiling points of the trioxidc 
and tetruxide of nitrogen were raised by 44° and 47" rcspeetivelv 
when they were allowed to stand for a long time in contact Mith 
phosphoric oxide (H. B. Baker and Muriel Baker, T., 1912. 101, 
2330). In the following year a number of other liquids were pre- 
pared in a state of high purity and sealed up in vessels contairiijja 
purified phosphoric oxide, In many cases, direct contact of the 
liqukls with the drying ag(uit was avoided on account of ]ios;ible 
chemical action, the drying being then dependent on tlie removal of 
water from the continually changing vapour, Dui-ing the War, 
pressure of other work rendered it impossible to proceed with tlie 
experiments, so that wdien the work was resumed, last year, the 
substances had been drying for eiglit or nine years. In every cas‘ 
the boiling i)oint, indicated by the formation of btibbh'S in tlic 
heated liquid, showed a large elevation, of 30' to litP. Broken 
pieces of fused silica had i)een placed in each bulb so as to prevent 
ordinary superheating, Tlu* Ixhling, when it did take plaer, 
pU’oceed{‘(l quite quicdly; no sign of the vioitmt ebullition whidi 
accompanies the breaking dttnn of a su])erheated (-onditioii wns 
observed. There was iiotliiiig. iii the behaviour of the Ikpikh 
except the reading on the thermometers, which suggested anything 
abnormal in their boiling, In some oa.ses, two thermometers tveir 
enclosed in the bulbs, one dipping in the liquid, and the other 
suspended about 3 cm. al)ove its surface, Tiie temperatures read 
on the latter were at most 2' above the normal boiling point of the 
liquid, and yet when the condensed liquid from the distillation Wiu 
again heated it did not enter into a state of ebullition until the 
abnormally high temperature had been reached. 

Experiments were tried with ten liquids of different type^' tin* 
results are given in the following table : 
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Hrotiiirio 

Mercury 

Hexane 

Henzene " 

( ■-irbon (lisiilpnlde 

Carboti tetrarhlon<le 
Kthyl ether 

Methyl alcohol 

I :tlivi alcohol 
I'lripyl alcohol 


Period of 
drying. 
Years. 

Original 

boiling 

point. 

Xnn- boiling 
point. 

Kise 

fi 

ar 

118‘^ 

3'}'^ 

V 

3o8 

20-4 2.5 

02 

SJ, 

<iS-4 

82 

14 

sl 

80 

106 

2(i 

1 27 

if)-3 

80 

30 


TS 

above 112 

34 

i) 

S3 

83 

4S 

<t 

lib 

above Pin 

.‘4 

!) 

78':> 

138 

tin 

!) 

Uo 

134 

30 


TIu' apparalub Ubod fonsi.sU’d of a dislillitig lla.sk of Jena-glass 
with two side tiibe.s. Jo one of these tubes wa.s seak^d the sale 
piece of another di.stiiling liask, wfiilst the other was draun out 
to a long tube about 2 luni. in diameter. Thti necks of tlte di-stihing 
flask.s were lengthened by fusing Oji tubes of similar diameter, trhicli 
were bout down at the lop to form convenient receptacles for tlie 
phosphoric oxide. The apparatus 'was cleaned l)y allowing a 
mi.xture of chromic; and concentrated niti-ie acids to stand in it 
for some hours. It was washed with distilled water and dried by 
heating, nearly to redness, while a current (jf air, dried })y sulphuric 
acid and phosphoric oxide, was drawn through eveiy part. Fc-ag- 
inents of fused quartz, previously ignited, were placed at the l.)ottom 
of each hask. Aftei' the introduction of tiie liqi]ici.s, the openings 
were sealed and left for tlie period of drying, In the ca-ses of liquids 
cdiere no cheniical action on the pentoxide Avas t(j Ijc feared, such 
as benzene, hexane, or brondne, one plug of the drying agent na.s 
placed with the lic^uid in one of tlw' distilling flasks. In other ea.ses, 
dw drying was perfornuai only on the vapour. In no east?, even 
with the alcohols, was any increase of jiressure noticed when the 
narrow tube wa.s opened. To determine the boiling point, the tip 
of the long tube was dipped under previously boiled mercury and 
the depth of the o})cn tube was noted. The liquid was distilled by 
heating the flask {.‘ontaining it in an oil-batli, the other flask being 
cooled in water or in ice, Wiien .sufficient of the iicpiid had been 
collected in the previously eiupty hask, tlie latter wins lu'ated in 
the oil-bath while the other was cooled. The heating of the oil-bath 
was conducted very slowly so as to allow of tlie liquid fully attaining 
tlie temperature of the oil. WJien the temperature was approaching 
the boiling point, the heating was .sloued down still more, so that 
half an hour vvas occupied in raising the temperature through 
Details of some of the experiments arc gi\ cri below. 

liad lieen purified for atomic weigiit purposes by 
Mas s method, it had been drying over jihosphoric oxide for a 
year, before its use for these experiments. 



570 BAKJiK ; CHANGE OF PROPERTIES OF SUBSTANCES ON 

Mercury was purified by shaking with mercurous nitrate, It 
then distilled in a vacuum, shaken for a long time in air, altered, 
and re-distilled. The boiling point was determined by heating 
a short, wide silica tube closed at the bottom, and converted into an 
electric furnace l)y a coil of nickel-chrome wire, covered by athkt 
layer of asbestos cloth. The temperature was determined by the- 
simultaneous use of a platinum-rhodiuni couple, and by a Jona. 
glas.H thennonieter filled vith nitrogen. The mercury was main, 
tained at 360^ for half an hour. Not only was there no boiling, hnt 
only the faintest trace of snlilimate appeared above the surface of 
tlie li(|ui(l. Bubbles of vapour first escaped at 420°, but active- 
ebullition was only appanuit at 425°. 

—This was obtaiiicd from Kahibaum. It wa.s dtied l)y 
shaking witii phosphoric oxide for some days, and distilled into the 
drying apparatus. In the dederntination of the boiling point of thiv 
liquid"^ tlie temperature of 82° was reached before any liuhhk-s 
appeared. The tube connecting the two flasks was accidentally 
broken, and the liquid was left exposed to the air over-night. Xext 
morning it was expected that the boiling point would have fallen, bm 
the boiling point xvas 81°. Some of the liquid ^vas transferred to a new 
dhstillirKg flask which had not been specially dried. The temperai ure 
of* ebullition, as jncasured by a thermometer in the liquid, was still 
81°, whilst that in the vapour was 68-4°, t he original boiling point, 
Benzene, obtained from Kahlbatini, had a boiling point of 79*.}', 
It w'as dried by phosphoric oxide and distillc'd into the apparatus. 
The apparatus was provided x\ ith two thermometers. The tempera- 
ture of the oil-bath was raised very slowly. When it had reached 
105°, there was manifest evaporation, and liquid could he seen 
dropping from the upper thermometer, which gave a reading con- 
stantly of 80°. On one occasion these drops, falling on the surface 
of the hot liquid below, formed a globule about 12 mm. in diamHcr 
and 5 mm. deep, which persisted for more than a minute. \^hcn 
it coalesced \vith the rest of the liquid, it did so without any dis- 
turbance, and there was no perceptible increase in pressure in the 
apparatus. The liquid boiled at 100° ()uite steadily. 8omc of the 
liquid was distilled from the apparatu.s into a distilling flask and lefi 
for a day exposed to moist air, Its b( uling p(mi t was found to be iMm 
It was Uien shaken with water, and it was found that the \uuci 
could be boiled through the layVu' of ben/ene, only slow evaporation 
of the latter taking place. In time. howcN'cr, the liquid regains its 
normal boiling point. I^he original apparatus, above deserfiK'd.^'-*^ 
allowed to cool and to draw in air dried by sulphuric acid am 
phosphoric oxide. It was then sealed up, hut on testing a moi 
later, tiio boiling point was found to be 81°. 
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The temperature of ebullition of benzene was found to be 106° 
in three different pieces of apparatus, scaled up within a few days 
of each other (March, 1013). In two otliers, dried for about two 
luoiitiis longer, the boiling point was found to be 118". The boiling 
in the latter two tubes was not as steady as in the former, being more 
violent, and suggesting some degree of ordinary superheating. 
[The boiling point of the benzene in the experiment shown at the 
meeting of the Chemical Society ^^as 10b‘\) 

Carbon Dmdphide . — A bottle of this substance was found in the 
lalioratory which had been puritied by J . \V. Rodger in 1894. The 
luittle contained phosphoric oxide, the stop})cr being covered with 
oiled silk. This liquid was distilled iTdo a liil)o, dried by pentoxidc, 
the boiling point being TO'oT The tube was scaled up for a year. 
On testing this with a very low barometric pressure of 730 mm., the 
tiist sign of vaporisation wa.s found at 60°. The vapour was seen 
to condense on the tube, and the liquid ran down in oily drops 
which coalesced with the main body of the liquid without any 
sudden production of vapour. Tlio first bubble was seen at 80^; 
at 81°, ebullition was general throughout the liquid. 

Carbon tetrachlonde, obtained from Kahlbaum, was saturated 
with chlorine, boiled to drive off the gas, and allowed to stand in 
eontact with solid sodium hydroxide, It was distilled into a 
bottle containing pliosphoric oxide, and distilled into the drying 
apparatus a month later. This was tested early in 1914, but the 
record of the temperature at w^hich it had been sealed up was lost. 
It was therefore not known ^rlien it would be safe to break the tip 
of the long tube under the dried mercury. This was done pre- 
maturely, when tile temperature was 100°, and the mercury rose 
in the long tube to a height of SO mm., so that under the diminished 
pressure of 670 mm. the carbon telraeliloride did not boil. At 
112\ ebullition commenced. 

obtained from Kahlbaum, was not left in contact with 
pliosphoric oxide. Liquid tended to collect in the part of the 
apparatus containing the drying agent, but was distilled oT without 
opening the ajqiaratus. Boiling began at 83°. Some of the liquid 
was distilled into another di.stilling llask, dried only by heating and 
fh'cuving dried air through it. This boiled at 47°, the thermometer 
in the vapour registering 35°, Xext day the liquid, exposed to the 
cnniparatively moist air, boiled at 36°.' In this case the recovery 
‘if die normal state was much nun'c rapid than in the former instances. 

I h< thrcp. ahohol'i wei'(‘ obtained from Kahlbaum and dried 
'dthout CDiUaet of the liquid with iihosphorio oxide. The distilled 
liquids recovered their normal boiling points when exposed for a very 
^Ijort time to ordinary air. 
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Some preliminary experiments have been done on the measure, 
ments of the, vapour pressures of the dried liquids, using a dried 
barometer tube of mercury surrounded by a water-jacket. Dri^d 
ether, on being admitted to the tube, gave at 20° a vapour pressure 
of 374 mm. instead of 442, as measured by Ramsay and Young 
{ProCu Roy. Soc., 1886, 40, 381). 

In every case the liquid distilled from the dried ajrparatus wa^ 
tested for the presence of phosphoric acid, and no trace could te 
detected. The phosphoric oxide was obtained by slow distillation 
of the purest pentoxide obtainable commercially, in a current of 
dried air. The distillation proceeds best at a temperature of 
between 250° and 300°, and if this temjrerature is not exceeded, a 
tube can be used many limes. An electric furnace is nioq o,,),. 
venient for the purpose. When conducted [iroperly, the pentoxido 
is obtained in two forms, in feathery crystals and in a tine, uliitc 
powder. Its freedom from lower oxides of ])hosphor'us is pnjvedby 
its producing no preci])itate xvith mercuric chloride, and no darkening 
with ammoniacal silver nitrate. Only about one- tenth of the 
pentoxide used is obtained as a pure product. 

The hypothesis suggested in the former paper was that in liquids 
there is normally a balances betxveen as.sociated and dissociated 
molecules, and that, as lias been shown witli many vapours, tin- 
absence of water vapour tends to prevent dissociat ion. The boiling 
point of the dried liquid, consisting mainly of associated molecules, 
is, as would be expected, much higher than that of the riormai 
liquid. 

It was thought that evidenca' for or against this view mighl he 
obtained by measuring the surface tension of the liquids, ihc 
procedure of Ramsay and Shields (1., 1893, 63, 1089) vas folkivcn 
almost exactly, greater precautions being taken in drying the tubes 
and the capillaries. Tlie diameter of the capillaries was measured 
for me by Miss M. Carlton, using a x-ery tine reading mieroscopo in 
the Astrophysics Department of the College, uhich reads directly 
to O’Ol mrn.'^ Those which were not truly cylindrical xverc rejected, 
and a number of pairs were obtained the measurements of which net 
only coincided, but which gave identical results when tested with 
benzene. The capillaries were attached to their sinkers, washed 
with nitric and chromic acids and distilled water, and heated nearly 
to softening point while a current of air was drawn through ihem; 
they were then allowed to cool in a desiccator over phusphork 
oxide. As results were desired as soon as possible, those 
were chosen winch could be left in contact with phosphoric oxide 
without the po.'ssibility of chemical action or solvent power on t p 
drying agent. The liquids were as dry as could bo obtained at die 
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time one of each pair containing phosphoric oxide, and the other 
not '* The progress of the drying was rendered \ jsihlc by tlic greater 
in the capiJIary tube in the liquid containing the pentoxide. 
'Hic actual measurements were made a year after the tubes had been 
sealed. Great difficulty was experienced in locating with tlie reading 
niicvoscope the precise point at whielj the capillary tube entered the 
liquid in the wider tube, the latter being of the width recommended 
liv Kanisay and Shields. As, however, the results were com- 
oii native, this was not of paramount importance. 

Bromine gave in a tube of O'OSo mm. radius a capillary lise O'OTo 
nun. higher in the dry tube than in the undried liquid at 7\ and 0-5 
null, higlier at 32'b A,s,suming that the heights wore correctly 
luoasiu'ci:!, the factor by whicli the molecular iveight must b{' multi- 
qJied would be 1'34 for the undried liquid and M)D for tJie dric'd 
liquid, it may here be recalled that the vapour den.sity of bromine 
j\ist iihovc its boiling point i.s greater than normal, 82 instead of 80 
{.faim, 5cr.. 1S82, 15 , 1238). Benzene gave in a tube of Odll mm. 
radius a capillary rise 13'73 mm. higher in the dry liquid than in the 
undried at and 15'G5 mm. higher at 35^ Making the .same 
as^umptiotl as before, the multiple of the molceular weight for dried 
inaizcne was 3 '39, whilst that for the undried liquid was 1-28. 

Foi' hexane, the multiple of the molecular weight found for the 
drv liquid uas 3‘IG, that for the undried liquid 0'92. It may be 
noted that Ramsay and Shields ga.ve 0'93 for n-oetane, and as there 
is no possibility of dissociation for these liquids, his so-eallcd normal 
liquid, s ^verc to some extent a.s.socialed, and the true value of k ought 
to be at least 2'28 instead of 2d21. 

With nitrogen te'roxide the diameter of the eapillarie.s in the two 
tubes was not the same. Tin' re.sult ga\'(' .as (he miilli])le for the 
molecular u'cight 3' 10 for the liquid containing the drying agent 
and' 3‘00 for that of the liquid alone. This oio.se agreement is 
proiiably to be accounted for by the fact that the iiepuid in both 
tubes was distilled from a specimen which had been drying over 
pentoxide for ten years. It was thought tliat there would have been 
sufficient moisture left in the tube which was being tilled to convert 
it into an undried liquid, but this apparently was not tlic case, 

was thought that sneh a profound change as seemed 
(0 take place in the liquids on drying would be shown also by a 
riiange in density. The following Ihpiids were tilled into dilato- 
^ meters containing phosphoric oxide : henzciie, earboji tetrachloride, 
‘^carbon disulphide, ether, bixunirn', sulphur dio.xide, and nitrogen 
tnoxide. After standing for a year, (he volumes arc unchanged, 
although a change of \ part in 10,000 would have been easily 
mcognisable, 
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Meltiruj Point.—A tube containing sulphur which had beeo 
purified for atomic weight purposes was set up for me in 1913 bv 
Mr. A. H. Bennett. Its melting point, determined at the time, on 
a thermometer enclosed in the tube, was 112‘5°. The same readin;, 
was obtained in 1014. Now, however, the melting point is 117 . 5 ' 

Dr. Smits of Amsterdam, with whom I have been in correspond, 
ence, points out that this is a corifirniation of his recent theory of 
allotropy. 

The rise in the melting point of iodine, also purified for atoniir 
weight purposes, is from 114“^ in 1913 to 116“ in 1922. 

Experiments are in progress for determining the speeitie heal of 
the dried liquids and the densities of their vapours. 

Smmnary. 

The points of ebullition of ten liquids which have been drierl by 
the agency of phosphoric oxide for extended periods show a very 
considerable rise. 

The hypothesis that this is caused by increased molecular coni- 
plexity receives support from preliminary determinations of (Ik- 
surface tensions of the dried liquids, 

'rhe melting points of sulphur and iodine show rises of o'5^ atiri 
2 “ respectively after nine years' drying. 

The densities of seven liquids shoyv no change after drying fora 
year in contact with phosphoric oxide. 

Imperi-VL College of S<"iknce and Tkcunolocy, 

South Kensixoton', [ Rccarol , Morili UiOf, IMJ. 


LXXll.—Piperifone. Part IL 

By John Read and Henry George Smith, 

In a recent preliminary paper (T., 1921, 119 , 779} dealing yvith tlir 
chemistry of the eucalyptus ketone, piperitonc, we described thc]>re- 
paration of benz 3 didene-J/-piperilone and indicated the importance 
of this very distinctive derivative in differentiating piperitone from 
closely related kelones. At the same time, we suggested that ttic 
remarkable ease with vhich the derivative is formed was likeh i" 
prove of interest in connexion witli the question of the eonstitulion 
of piperitone. For these reasons it was thought advisahk F 
('xainine more fully the plyvsical and chemical cllii^aotetbtic■.^ 
benzylidene-Jf' piperitonc and to carry out supplementary expoi 
ments bearing on its formation,, Some of the results of tic 
investigations are recorded in this communication. In paithu 
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lth(^ diinorp^iism of benzylidene-c?Z-piperitone, of which an indication 
given in our first paper, has proved to possess highly characteristic 
ainllnteresting features. 

Among the work not fully described, may be mentioned certain 
attempts to prepare definite benzylidene or dibenzylidenc derivatives 
of carvone ; these experiments were carried out with the object of 
gathering further evidence regarding the constitutional peculiarities 
^vhich allow of this condensation. Our observations confirmed 
Wallach's statement (.'l>irw7en, 1899, 305, 274) that carvone con- 
denses readily with benzaldehydo in alkaline solution to give ill- 
driined products. By using alcoholic sodium othoxiile as a con- 
densing agent, in the way described for piperitonc [loc. caL, [>. 785}, 
it u-as found that carvone reacted with great ease with two moh'cnlar 
proportions of benzaldelnale : the prodnot, hnwc\er, eould only 
W' niitained in the form of a yellow, vitreous mass. When one 
molecular proportion of benzaldehyde and one-fifth the preceding 
amount of sodium were used, the product was a pale yellow oil of 
indefinite boiling point, the bulk of which distilled below 240"/2() mm. 
At this point in the investigation the recent paper by Aliiller {Ber.y 
lf2{, 54, [B], 1471) came under our notice, describing the production 
nf a solid and a liquid inonobonzylidcnecarvone by carefully con- 
trolled alkaline condensation. Further w'ork in thi.s direction was 
accordingly abandoned. Incidentally, we may point out that the 
siilistanee melting at 233—234° obtained by Aliiller {loc. cit., p. 1480) 
in .';mall yield by the action of phcnylcarbimide on benzylidcnedi- 
liydroearveol and on a- and p-benzylidcnecarvones is probably not 
a phenylurethane, as stated. The high melting point of this 
substance, W'hich apparently was nut analysed, .suggests that it was 
carbanilide, and thus the presumed identity of the reduced a* and 
3-benzylidenecarvones with benzylidenedihydrocarveol cannot be 
accepted as established . 

Experiment l. 

Dimoi-phic Forms of Benzylidenc-dUpiperiione. 

In the original crystallisations of bonzylideue-f//-piperitone (/or. 
(■iL, p. /87) two forms of crystals were observed; these were char- 
acterised by distinctive habits, one form being prismatic and 
the other tal)iilar. As a result of goniometrie measurements, the 
crystals of prismatic habit (now named the s-form) were assigned to 
the monoclinie system, but owing to incomplete development of the 
olisei'ved crystals the axial ratios could not be determined in full, 
in an attempt to secure more perfect crystals of this kind by 
leciystallisation from ethyl-alcoholic solution, a striking trans- 
formation occurred and the whole of the material separated as 
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crystals of tabular habit (the p*form). further recrystallisati,,jjj 
confirmed this result : it appeared impossible, in fact, to reproduf.^ 
the effect of tlie original crystal ^i^ation. Ultimately, hou’ever^ U 
inoculating a supersaturated alcoholic solution of tiie substaiif.^, 
with a portion of a powdered crystal of prismatic habit, a honio. 
geneous separation of crystals of this type was obtained, Siiailaiiy 
inoculation with material from a crystal of tabular habit 
in a separation consisting entirely of crystals of the second lyp, 
In brief, by suitable inoculation, it was found iwssible to induce 
benzylidonc-d^-piperitoiie to crystallise wholly in either of llic fnnv, 
mentioned; perfectly liomogeneous separations of the a- aj^j 
3-form being thus ol)tainable at will. Crystallisation was 
in all cases at the ordioary tcmjx'ralurc, the solvent being citlifr 
methyl alcohol or ethyl alcohol The tendency of the sub.stanu,- 
to form supersaturated solutions has already been mcntitmecl; 
a perfectly sterile alcoliolic solution of this kind may be kepi 
inddinitely in a closed vessel without crystallisation oecurrin. 
at all. 

^.Benzylidfne-d\-piperi(.one forms pale yellow prisms, often 
exceeding 1 cm. in length and exhibiting high transparency jind 
lustre. The powdered crystals are almost colourless. The m.^tak 
appear to be quite stable when kept in the dark, but after .wvm] 
months' exposure to diffused light tliey gradually lose their Iu>tre 
and become gummy. This eff(wt is greatly accelerated in hrkk 
sunlight : after a feu' minutes' exposure a distinct change isnutico 
able; after an hour or so, opalescence begins to radiate fioti: 
numerous centres ; and eventually, after several hours, this appear- 
ance becomes general, whilst the faces assume a vitreous aspect and 
the crystals cohere. If the exposure has been made in a clo.vrd 
glass tube, a distinct odour of la'iizaldehyde becomes evident at ilib 


stage. 1 . 

Crystals from live different preparations melted in each instamr 

over^he range 59— 6U, when ]iowdered and heated in a capillary 
tube in the usual way, No prel iminary sintering was observed and 
after resolidification the .specimens melted with somewhat greater 


lu'ccision, the mean range being 59—60' . ' ^ 

dOiese crystals show a strongly developed tendency to assume tic 
simple forms already illustrated {loc. cii.^ p. 7S6), and hol]^■gla^^ 
structure is a very typical feature. It was only after 
attempts, extending over several months, that crystals wre o 1 1 ^ 
of suitable developu.ent to permit of full 'O'stallogrp.bicchar 
isatiod. The appended supplementary report was kindly ^ I 
by Miss Marie Bentieoglio, B.Sc., of the Department of 
University of Sydney : 
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Recently obtained crops of crystals of a-benzylideno-fH-pijxJrit- 
have violclecl individuals exhibiting two extra pyramidal 
forms • consequently, it has now been possible to determine the 
wmplote axial ratios, These forms {Tig. 1) arc (/(111), a long 
narrow face, and e(l21), a small form only observed on Im’o crystals. 
The prismatic crystal habit remains unaltered. 

•• Anal ratios.-a :b:c- 0'9321 * : 1 : 0';i899. ^ ^ ir 30'. 


Xo. of 

measure- Limits. Ob-sci'vad. 

form. ments. ^ p <p p 

,,-MM f, 17'’ ir -17M0' 22^22'- •a’' 52' 17^28' 22^14' 

2 HH" (X)'-- 38' 2:r ») 07' 38^12' 

■‘The calculated (f> and n for e(121,) are, respectively, 9* DO' and 

3 !^' 13 '.” , „ . 



'i Utnzi/Udtne-d\-j>(j>f‘^'i((>^^e fon)).s limtroMs, tran.vparent crystals 
having a pronounced yellow colour and attaining a length of 2 nr 
It cm. The yellow colour is equally evident in t iu‘ ])ou dercd crystals ; 
itidecd, powdered .specimens of the y.- and fXfonijs of this substance 
iimv easily be diffcn'utiated by reference to their colour alone. 
I'lir CTV.stais arc quit<' .stable in difhised daylight, and even when 
c.s|i()Socl to bright .simlight no alteration is apparent until the lap.s(' 
nf about a forlniglit. Oil [irolongcd exposure, however, the crystals 
gradually become gummy, although no opalescence is developed. 
As with the ad'orm, the change appears to he accompanied by the 
ja'oduction of minute amounts of benzaldehydc. 

It may be remarked in this place that the bust -named oKservation 
cannot be interpreted as an indication of any pronounced tendency 
on the part of this derivative to ^revert to benzaldehyde and pijierit* 
one under ordinary chemical inflnonce.?. Attempts to hydrolyse 
* fbo vuhio of n lia.v Ooeii corrooteil from U’95:U to oaKL’l. 
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it with hot aqueous acid and alkali showed that benzylideue.^^ 
piperitone is practically unaffected by these reagents. Thus, 
to the present, it has not f)rovcd possible to utilise this rcadiiv 
accessible derivative for the regeneration of pure d?-piperitone : smj 
a process would be very desirable in view of certain objection., 
associated with the semicarba/.one process, to which attention m 
be directed in a later communication. 

Crystals from five different preparations of t^-benzylideiie.,/!. 
piperitone melted in each instance over the range 63—64“^ ^ 

slight preliminary sintering at about 61°. After resolidific-ation 
in the capillary tube, each of these specimens melted at 59— fjo^, 
Crystals of the (ii-form invariably exhibit striations, but thi 
hour-glass structure, characteristic of the a -form, is not evident 
A goniometric examination of these crystals was also made by 
Bentivoglio, to whom we are indebted for the follovdng partitiulai^ ■ 
“ The crystals of [^-benzyl id ene-rf^-piperitone are transparent 
and light yellow in colour. Although varying much in size, thev 
preserve a perfect tabular habit, the brachypinacoid being tlu- 
largest form present (Fig. 2) . The prism zone is well developed and 
contains the form ^^(010) ha\’ing a smooth surface, and the 
/(250), k(470), 7u(110), and J7(310), all of which are strongly striated, 
so that very accurate readings could not be obtained. Tlie dome 
d(013) is invariably present and has smooth faces. A wcll-inarled 
cleavage was observed parallel to 6(010). 

Crystal system. — Rhombic, normal. 

‘‘ Axial ratios.— a :b : c ~ 0’484l : 1 : 0’1)334. 


Angle. 

No. of 
n'ieasur(^- 

inentti. 

Limits. 

Obficrvetl. 

Lalculatc'd. 

bl -010 ; 250 

10 

30= KV 40=14' 

30= 51' 

30= 34' 

bn =010 : 470 

12 

40= 14 —40= 54' 

40“ 34' 

4U' 44 

5w = 010 : 110 

10 


04= 10' 

C'4 lu' 

bp ^ 010 : 310 

27 

80= 30 -81= 10' 

81= 02' 

W 5it' 

bd =010 : 013 

24 

72= 17'— 72= 50' 

72= 43' 

72'’ 4:5' 

<ld =013 : 013 

11 

34= 00’— 34=51' 

34= 34' 

34= 34' 


“ It would appear, therefore, that the two forms of crystals are m 
no way correlated. The prismatic crystals are monocliiiic; thf 
tabular ones are rhombic. This difference is also observed in 
optical properties. The tabular crystals possess reetangubr 
extinction directions, parallel to the two edges, of the crystal; m 
the monoclinic crystals (the ortho -zone lieing usually absent), 
inclined extinction was observed, Moreover, a biaxial interfeicnte 
figure was obtained for the tabular crystals, symmetrical about t e 
centre of the microscope field.’’ 

■ The fact that the dimorphic substance, beiizylidene-dlpipcntone: 
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tends to separate from alcoholic solutions at the ordinary tern per a- 
niir in the i^-form, taken in conjunction with tlie comparatively 
response of this form to the iiiflucjicc of sunlight, might 
■ ledwps be accepted as an indication that tlic p.-form is stable and th(' 
x form labile at the ordinary temperature, if this supposition were 
correct, the dimorphism would obviously be monotropic, in view 
of the higher melting point of the p-form. Further experiments, 
however, demonstrated that the a-form is the stable modification 
■u the ordinary temperature. When a saturated mother-liquor in 
contact with rhombic crystals is seeded with monoclinic material, 
iljf. rhombic crystals are rapidly etched and dissolved, while mono* 
clinic crystals develop at their expense, until, after the lapse of one 
ijf two days, all the original rhombic crystals have disappeared. 
Tlic particularly well-developed monoclinic crystals described above 
were obtained in this vnay. It follows, therefore, that the a-form 
is the less soluble and the more stable at the ordinary temperature; 
further, since the p-form has the higher melting point, the dimorphism 
is ciiantiotropic. No accurate determinations of solubility or 
doiLsitv have yet been made, but the behaviour of the two forms 
when raised gradually to the region of the melting point suggests 
that the transition temperature is situated not far below tliai region. 
It may be added that either modification may be preserved 
indefinitely when allowed to remain in contact with its saturated 
itiother-liquor in a closed vessel. 

When molten benzylidene-dZ-piperiionc i.s allow'ed to solidify, 
it invariably assumes the a-form. This fact accounts for the pro- 
duction of the original monoclinic crystals, the solution having 
I teen seeded with material obtained in this Probably, the 

rather unusual relationships wliicli have been observed between 
these dimorphic modifications may be explained by assuming that 
their difference of stability is much less pronoimced than is customary 
in .such cases. Thus, the ntolten material undergoes a preliminary 
solidification to the a-form, which, although labile at the melting 
point, is sufficiently stable to persist until the temperature has 
fallen below" the transition temperature. Similarly, solutions 
cTj’stallising at the ordinary temperature yield a preliminary deposit 
of the labile p-form, which, however, is .so stable at tliis temperature 
that it exhibits no apparent tendency to undergo transformation 
mto the less soluble and theoretically more stable a-form, unless it 
is brought into contact with that form. 

Benzylidenc-c^^-piperitoiie thus aj)] leans to jiresent one of the 
best-defined cases of eiiantiolrupic dimorphism yet recorded in 
organic chemistry, the ease with which each form is procurable in 
a »tate of freedom from the otlier being especially remarkable. 
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The only solvents yet applied in studying the relat kinships 
concerned are methyl alcohol and ethyl fileubol, and no 
difference has been observed in their effects. Cold alcoholic 
tions of bcnzylidenc-6??-piperitone exhibit a pale yellow colour, 
which deepens appreciably on heating and pales to the original 
tint as the solution cools. 

Wlicn the substance, after being heated considerably above tb- 
melting point, until it becomes quite mobile, is poured into ice. 
water it forms a pale yellow, semi-fluid, plastic mass, which after 
standing for about ten minutes becomes crystalline. 

Since benzylidene-f/i-piperitone is an externally coiupcnsatcd 
substance, it seemed desirable to ascertain w hether it is capable of 
optical resolution by spontaneous separation of its enantiomers 
in distinct crystals, according to the first method of Pasteur. From 
the above description it is apparent that neither of the (liniorplik 
modifications exhibits asymmetry of form, and in conformity vitli 
this observation large individual crystals of both types yielded 
optically inactive solutions when dissolved in alcohol. 

In view of the interesting results now recorded, it seems likely 
that the colour changes noted in the case of benzylidcncu/hpijierit- 
oneoxime {loc, cit., p. 78S) may also be ascribed to the occurreiKe 
of polymorphic forms. We propose to undertake further imrstiga- 
tions in this field of work. 

The Addition of Hydrogen Bromide to 

The ready manner in which such substances as benzylidrao 
nu'nthone and benzylitlenecamphor combine with hydrogen broniidi 
rendered it of interest to apply a similar reaction to the hmizYlidm- 
derivative of r/hpiperitone. The derivative was dissohed in eight 
times its weight of a IVl per cent, solution of hydrogen bromide in 
glacial acetic acid, d,die resulting dark ithI solution deposited brick 
red crvstals. from which, alter a f(ov days, tlic supernatant liquid 
was dJ-canted. The crystals dissolvcal ivadily in alcohol, aeelonc 
or etlicr. forming colourless soliiti(.)ns uliieh deposited the (iiigitn 
benzylidenc derivative when allowed to eva])orate at tlie onimaiy 
temperature. When triturated with cold benzene, in ^vhici t io 
were insoluble, the crystals gave a bright yellow, crystalUmMiiass, 
with a])parent loss of hydrogmi bromide. The yellow sim^taiuo 
which m(;lt(id and sublimed at fil— was stable in dry air, ni 
in contact with water, alcohol, acetone, etc., it rcvertec o i 
benzylidenc deiivative, with the liberation of one 1 __ 

portion of hydrogen bromide {Pound: HBr = 22‘7. (-17 20 
H Hr requires HBr 2 .t 2 i)er cent,). 

•Very similar colour ‘diangcs were observed when benz} kc 
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pipcritone ^vas dissolved in a mixture of concentrated sulphuric 
;ioid and acetic anhydride. The original deep orange solution 
changed to red, and soon yielded a thick, yellow, crystallijie mass, 
which, after the lapse of an hour, changed to a dark brown liquid. 

These observations recall the interesting work of A’orliinder and 
his jiupik on the addition of acids to certain iinsaturalcd ketones 
iBn-.. 1904, 37, 1644; Annahn, 1006, 345, 155). 

TJm licAuclion of Benzylidene-dl-pipcnfonr. 

For reasons which will be indicated later, it was (■(jiisidcred of 
importance to investigate. the reduction of benzyl idene-(/^piperil one. 
The derivative (25 grains) w’as accordingly dissolved in absolute 
alcohol (250 c.c.) and reduced vigorously in hot solution with sodium 
CIO grams). Trom the clear, pale yellow solution which resulted 
was isolated, by following the usual procedure, a faintly yedlow and 
rather viscous oil (15’o grams) ; this product boiled at 197 — 2 IO 7 I 8 
mm, and showed no tendency to crystalli.se, even after keeping for 
several months. When dissolved in chloroform, it decolorised 
bromine immediately, and from the analysis givam below it evidently 
possessed the composition of a fjc/Kf/i-p-fnefftl/e/iol, 

Attempts to effect a tnore vigorous dii'cet rediict it)M of the Ixmzylidene 
derivative resulted in the production of resinous matter. 

When heated on the water-bath with ))henyIcarbimido, the 
reduction product reacted wdthout difficulty to form a pkcni/l- 
ttnlhane : this compound crystallised readily from warm benzene in 
lustrous, feathery needles, melting at 140 — 14 1 “ (hountl : C ~ 79-31 : 
H -vS-03. requires C ^ 70-28; H ^ 8’05 per cent.). 

-U the same time, an appreciable amount of earbanilide w'as produced, 
the identity of uhich was established by analysis and melting 
[M'int (24ffi, corr.). Incidentally, hot nitrobenzene was found to be 
an excellent solvu'nt for this sul)stance. 

hirfher Observations on Ike Condi' nsafio)i. of Pi per Hone iiiih 
Benzaldfki/de. 

Aspceiineuof ^pipcritone, having [a]f; =- - 45'2b reacted readily 
ffith henzaldeiiydc, in the manner describ('(i for (//-])ip(miton{' [he. 
c'h, p. 785), to yield a dark reddish-brown liquid product. By 
inocaiation with a-hcnzybden(>d/-|)ipcrit()ne, it proved possible to 
'whde ciw^tulliiic inat('rhi[ fiom tliis crude, undistillcd })roduct. 

i( ic.sulting crystals ('unsisted of a-iK‘i)/yli(h‘ne-dbj>iperi1onc, aj](l 
not urd} tlie.se (ay.stals Imt also the oily mother-liquor failed to 
optical activity in benzene solution. 11 is thus ajiparent 
that complete racomisation occurs during the reaction, since the 
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method of purification adopted in this case precludes the poshMli*,. 
of subsequent racemisation. 

The great ease with whicli this condensation occurs in llie pi'csecrf, 
of a little sodium ethoxide rendered it of interest to investigate, tip 
effect of hydrogen chloride as a condensing agent in the reactic 
concerned. Tliis method of condensation, which was shown Iv- 
Wallacli {Annalen, 1899, 305, 261) to give excellent results in tl,! 
case of menthonc, yielded, however, only about 20 per cent, of tbi 
quantity of benzylidene-f?l-piperitone obtained in the alkaliiK- 
condensation. 

We acknowledge our indebtedness to the McCaugliey Rescardj 
Fund of the University of Sydney for a grant in aid of these researches 
which arc being continued. 

l)ErAKT.MKNT OF OkGANIC CliF.MiS’i KV, 

Vmversitv of Svdnky. Ihcchrd, Jaminry cMvf, 


LXVITT. — Part III. The- Oximes of 
dl-Piperitone. 

By John Ke,\d, Henry George Smttji, and Mauit: 
BENTIVOeHJO. 

In the original account of the characterisaiion of piperitonc (I. 
1921, 119, 779), attention was directed particularly to four 
crystalline derivatives of this ketone, namely, dhpipeiitoiu- 
hydroxylamino -oxime, (/^pipcritonGOxime, dhpiperitoncscnuc-arl- 
azone, and benzyl idene-dZ-piperi tone. The results of a more detailed 
examination of the last-named substance were described in a reconi 
communication (this vol., p. 574). Concurrently Avith the lattG 
investigation, the reactions involved in the formation of the rcnaiii- 
ing three derivatives were accorded further .study ; this led, n* 
each ca.se, to observations of considerable interest. One sccticn 
of the work in question forms the subject of the present paper. 

The yields of oxime obtained by the original method (k. of.. 
p. 784) were urisati.sfactoi’y, and the preparations often contained 
appreciable quantities of the liydruxylamino-oximc. Tlnio in 
view of the importance, in a study of the cliemistry of pipcriii'Ho 
of obtaining ready access \ n d/-piperiton(.a)xiiue, it became 
to investigate mudilhal mclhods of producing this derivative: 
process described beloAV is the best of a1)out thirty such modificaiivi'' 
which were examined, some of which, it may be reicnrhed, led t'-' 
almost quantitative yields of bydroxylamino-oxime. The ainjord} 
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of the preparations of oxime obtained in the course of this work, 
after one or two recrystallisations from alcohol, melted at 118— 
119'; it seemed likely, therefore, that the original preparation 
{he. cil.: p. "^34), which, like a miinber of subsequent preparations, 
im'hetl in tlie vicinity of 110°, contained a small amount of an 
isomeric substance. This proved to be the case, and eventuailv 
a more soluble oxime {now named the S-oxiine) was isolated, 
molting at - 

The oximes of i//- piperitone po.ssess an unusual (•ai)acity for 
crystallisation, and accordingly we have been able to record full 
rrvstallographic data for both forms. It may convenientlv be 
stated ill this place that, in general, tlie exceptional beauty of the 
crystalline derivatives of this ketone suggests a comparison, in this 
respect, between piperitone and camphor, (/f -Piperitone- a-oxime 
forms iiiagniriocnt, triclinic prisms, and gives rise to well-defined 
derivatives, including a characteristic hydrochloride cry.stallising 
in the rlioinbic system ; this derivative reverts to its compoiKmts in 
presence of water. The a-oximo reacts ivith p-nitrobenzoyl chloride, 
and similar acid chlorides with great ease ; the resulting derivatives, 
when submitted to the action of hydrogen chloride in benzene 
solution, appear to yield unstable additive products, which readily 
undergo hydrolysis, with loss of the acyl radicle. (f/-Piperitone- 
i-oxime forms ^^■ell-developed monoclinie prisms. Xo distinctive 
derivative of the }i-nxime has yet been prepared, and the ease with 
which it is converted into derivati\'es of the a-oxime suggests that 
these two oximes are syn- and rza/i-forms, the ^-oxime being the 
labile isomeiide. The stability of the p-form is worthy of particular 
remark. Xo direct interconversion of the free oximes has yet been 
observed ; in fact, each form may be regenerated unchanged from 
its solutions ill mineral acids. It may thus be suggested that, like 
(lie dimorphic modifications of benzyhdene-dfipiperitonc, those 
stereoisomer ic form.s of r//-piperitoncoxime exhibit less difference 
in stability than is customary in similar cases. 

In spite of the ease with which vell-devciopcd crystals may be 
obtained, neither of the oximes of f/^piperitonc has been observed 
to undergo spontaneous optical resolution by the method of erystal- 
hsation. The preparation of such optically active forms bv other 
methods, wiiicii are rceoi^ iiig attenlion, slumld (mhanee the general 
iuterest of tlic observations now recorded, nutablv in their relation 
to the Hieimstry of .similarly constituted natural lodones the oximes 
"t wlueli appear, in general, uul to exist in syu- and aa/f-furms. 

fhinng the course of the investigations of which tlie finst section 
f'ke ‘interesting paper by 8imonsen (T., 

( , 1644) on the essential oil of the Indian grass, Andropogon 
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Jivaramisa, became available through the courtesy of the autliQ^. 
That the ketonic constituent of this oil is d -pi peri tone, as suggested 
by Simonsen, is borne out by the indubitable identity of our 
Australian benzyl idcne-t?/-piperitone and rf^-pipentone-ct-osim^ 
respectively, with the corresponding Indian products described bv 
Simonsen. In the case of the oxime, full crystallographic corro 
apondence was established by direct goniometrie comparison, 
described below. At a later stage in these in\’estigalions, we hop, 
to discuss other ol)scTvations associated with this highly inkTcstin^ 
result and with (he closely related question of the i(le7\tity of piprh. 
one (compare Simonsen, loc. CAt.). 

The natural production of piperitonc in dextro- and hevo-gyrait' 
iiiodiiications recalls the similar two-fold occurrence of a nunilioro] 
important related ketones, including carvonc, menthone, fenchonc, 
and camphor. As already indicated {loc. cit., p. 780), the occurreijtt 
of piperitonc has been established in the leaf -oils of minKrous 
gpgo'ies of the genus h/VcoJ^ipfus^ but up to the present tlie onlv 
optically active form isolated frenu these sources has been licvo- 
rotatorv. The low optical rotation of the specimens obtained in 
the majority of instanees (Baker and Sinilh, A Research on the 
Eucalypts," 2nd. ed., Sydney, 1020, 300) must probably he attri- 
buted^o the case with which the optically active ketone racemes 
during t h(‘ process of isolation. J. he fact that piperitonc has almost 
invariably been found in Ihese oils in association with kevorotatory 
x-phellandrene [loc. ciL, p. 781) might perhaps be cited as an indica- 
tion of the probable sense of rotation of the ketone in the original 
oils; on the other hand, it may be recalled that different species of 
this genus produce d- and /-pinene, respectively, whilst the (/• and 
Z-forms of a-tcrpineol ha\'e also been notc'd (Baker and Siintli, 
op. cit.. 407, 360). In the exceptional instance of the oil ui t. 
apicidata, which contains cf-pinene but apparently no phellandrcm'. 
it has been shown that piperitoni' has a lanmrotation somewhai 
smaller than in the oil of E. dive^, which has a high content of 
ka-phellandrene. Altogether, piperitonc is known to occur m 
twenty-three species of Eimlyptus,^ and it is only in the two speriu 
just mentioned that the cliaracter of its rotation in the natural m! 


• Nuiiiely, K. ,wiii-jd<ilina, Oillo var. iiilidii, /o E. iifitv j- 

E. AH.<tralhfUi. E. K. rovrijirfi, E. ronmni, t. Jk -'!«(■”'■ ■■ 

E. din^. E. E. E. Lmhuunnuum. E. E- 

landra, E. E. radiata, E. E. Emh,u, h. f .j. 

.kdUdaUi, K. E. .//v/t/O/. .hmI E. II is roiniukaj* ^ 

these tspecies have - wlntf " tlmlxTs mut txrui' in the soutli-eii-idiu 
f,l‘ Au.,triilia; so fui'. }>i[x-rltant‘ lets iipl ttceii touml ill atu ot 
bfown -timbered speeics wliieli aie e.Mteiisively ilisi rlimtod o\i‘i 
portion of Australia. 
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been established with any precision. Thus, the infonnatiori 
atVesent available suggests that bpipcritonc is always the i)re- 
doiniiiant form, but that further work is necessary in order to 
<x‘rtaiii definitely whether t/-piperitone, or f/bpiperitone, occurs in 
dte essential oils of this genus. 

Experimental. 

The Preparation of d\- Piper iionooximes. 

In the original method described for the preparation of d/-piperit- 
oncoxiiiie (T., iil-b ketone (10 grams) was lieated 

ill aqiieou-s alcoholic solution with one molecular proportion of 
hvdroxvlamine hydrochloride and an excess of potassium hydroxide. 
The resulting oxime, after crystallisation from liglit petroleum, 
melted at 110—111'^. The yield was low, and further investigation 
diowed that it was depressed by increasing the amount of alkali, 
mo-ii of the ketone then remaining unchanged. When kept at the 
ordinary temperature for a fortnight, the same reagents gave a small 
Yield {3'6 grams) of the hydroxylamino-oxime, and no oxime. On 
the other hand, by adding somewhat less than one equivalent of 
potassium hydroxide and heating under reflux for two houi-s the 
yield of oxime was augmented, 10 grams of ketone furnishing 4*2 
trrams, which melted at 107—109° after one rccrystallisation from 
light petroleum and ether. Replacement of the potassium hydroxide 
tiv sodium hydrogen carbonate in the last method led to very un- 
.satisfactory results; In one such instance the aqueous alcoholic 
solution was heated under reflux for two hours, whilst in another it 
was warmed to about 40° at intervals extending over several days. 

In other experiments, M’ater was used in place of aijueous alcohol. 
An aqueous solution of hydroxylamiue liydroehloride failed to 
leact with piperitone, even when shaken with it for several days. 
On rendering alkaline the cold aqueous solution, either with ammonia 
or potassium hydroxide, a slow reaction set in, and after several 
days' intermittent shaking at the ordinary temperatiiTc, good 
yields of the hydroxylamino-oxime were produced. No oxime was 
obtained in these reactions, which will be described more fully in a 
later paper. 

Further attention was thus directed to reaction in alcoholic or 
aqueous alcoholic solution. A solution of i)ij)eritotie (10 grams) and 
liydroxylamine hydrochloride (5 grams) in methyl alcohol (40 e.e.), 
when kept at the ordinary temperature for a week, yielded a solid 
product (4-2 grams), which after crystalli.^ation from light petroleum 
and ether melted at il3 — 114° (Found: N — 8’7. CjoHj^ON 
requires N = 8'4 per cent.). The yield was depressed by the 
application of heat. When this method was modified by the 
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addition of sufficient alcoholic potassium hydroxide to lender the 
solution alkaline, a small yield of the hydroxylammo-oxime, and nr, 
oxime, was obtained. When alcoholic sodium elhoxidc was ii,(,] 
for a like purpose, neither derivative was formed in appreciate, 
quantity. The repetition of the original experiment of this 
with the addition of aqueous ammonia to render alkaline th,, 
methyl-alcoholic solution, resulted in the production of a 
yield of the hydroxylamino-oxime, and no oxime. In all 
instances the mixture was kept at the ordinary _ temiKaaiuic k, 
about a week. It is important to note that owing to the I'^ady 
solubility of the oxime in ililute acid, an acid reaction niixtmvnmn 
be neutralised in order to rendei- possible the complete isolatiniw,! 


^^^From the evidence thus collected it appeared tlmt tlic formation 
of o:amc was favoured by (a) the presence of acid, [h] the use of 
aqueous alcohol as a solvent, and {c) the application of heat, except 
in strongly acid solution ; whereas the formation of hydroxylainiiio. 
oxime was best effected by prolonged shaking of the ketone at the 
ordinary temiierature with aqueous solutions of liydrnxylauiine 
containing an excess of alkali. It is to be obsmyed that the latter 
conditions are such as to promote enolisation of the ketone. 

The various specimens of oxime made in the ways indicated 
showed fluctuations in molting point and solubility. Tlie .rai 
product usually softened in tlic vieinity of 90» and was .uodoMdy 
soluble m boiling light petroleum and very soluble m eth_er. lb- 
recrystallised produet, however, often melted at about lla-a,K v,a. 
almost insoluble in l.gbt petroleum and only “odera ^y solute 
in ether Everiluallv, a maximum melting point of llS HJ 
attained for the .-oxime by further crystallisation from al« lol 
Owim. to the invariable presence of unchanged ketone m Iheiiiolliei 
hquork it proved impossible to isolate the more fusib e y-oxiiae u..i 
the device was adopted of separating it by means of dilute minfy 
aeid from the neutral, oily impurity. By correlatmg the 
obtained in these preliminary ex|.enment6, the following me loi 
was finallv elaborated for the preparation of these oximes ^ 

dl-Pipetlone (.lO grams, ^ -Ovolri) was mixed with a U p. 
cent. exce.ss of l.y.lroxylamine hydrochloride (to 
in water (,10 c.e.). After the addition of 
aled spirit to give a homogeneous liquid, the acidi \ 
tardW by the introduction o^^omew tat_ mm^^^ 
equivalent of sodium acetate crj stab (bO giaius). 

L heated under reflux on the water- ath for - 

any turbidity being remoied by tnc addiriou of i - ^ 

After allowing to stand oier-uight at the ordinary timF 
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of the alcohol was removed by distillation fi'om the water- 
hith. The semi-solid separation obtained on cooling and neutralis- 
in^r the residue with sodium carbonate was oolieeted and washed 
Jth ether. The resulting hard, crystalline solid (20 grains) yielded 
niire a-oxime (14‘0 grams), melting at 118- ll^)^ after one recrystal- 
licuioii from liot methylated spirit. The alcoholic mother-liquor 
added to the aqueous filtrate from the above semi-soiid separa- 
tion. aucl the mixture was extracted with Die ethereal washings of 
iho same material. The resulting ethereal ('Xtract thus eoutained 
niu-haiiged piperitone and the more soluble fraction of the oximes 
j.i'oduccd in the reaction. It was well shaken with two successive 
ijiiaiitities of dilute sulphuric acid and finally with water; when 
dried and distilled from the water- bath, it yielded a re.siduc con- 
sist iiig of unchanged piperitone (10 '8 grams). When the sulpliurie 
acid extract was carefully neutralised in the cold with soclium 
Itvdroxide solution, a solid crystalline precipitate (20-4 grams) 
’vas produced, melting indefinitely bolwran 84^ and 99'’. On 
rccrv-stallisation from hot absolute alcohol, this yielded successive 
fmetions melting at 113—116“ (11-2 grams), 89-5— 91° (3-2 grams), 
sit-j — (3'3 grams), and 89 — 91“ (I'O gram). The last three 
foK'tions were ohlained b}^ slow evaporation of the solvent at the 
(udinarv temperature, and consisted of almost pure fi-oxirae. 

About 20 per cent, of the ketone was usually recovered uneliangcd 
in this reaction. The yield of rccrystalliscd mixed oximes, cal- 
<ulated on the effective weight of ketone, approached SO per cent. 
The nicaii ratio of the weights of rccrystalliscd x-oxime and [i-oxime 
ohniined in a series of three preparations 'was 77 : 23. 

d\~Fipfyitonr:-y.-oxhne, 

Purified d/-piperitone-x-oxime is readily freed from traces of tlie 
tiioic soluble [5-(jxime by rccrystallisation from methyl or ethyl 
alcohol, but the final luirificalion is difficult when light jietroleiim 
C'-iitaitiing ether is used as solvent. The low melting point (110 - - 
1 1 T) originally given for the substance is due to this fact. The pui’t' 
j-oxime melts at 118 — 119“ and is practically imsoluble in liglit 
I'clroleum and only moderately soluble in ether. ^^Tlen allowed to 
separate slowly at the ordinary temperature from metliyl or etliyl 
alcohol, in which it is readily soluble, it forms doubly terminated, 
stunt prisms (Fig. 1), whiidi exhibit high lustre and transparency, 
i'he crystals arc often perfectly developed, but sometimes they show 
h'Hir-glass structure and occasionally have striated prism faces. 
Hicy arc colourless, and vary in size up to about 3 cm. in length. 
Ihe .smaller crystals are generally ‘the moi'e peifectly developed ; in 
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are bright, with a good lutstre, and usually give featisfactoiy j., 
flections. The forms present are ^>(010), w.(110), «(100), 
c(OOl), o(()Tl), f/(T0]), and r(Il]). Sometiiiios the crystffls 
slightly tabular on the /j{010) face. 

Crystal —Triclinic, normal. 
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a-Oxime. B-Oxit/i''. 

Large single crystals of the a-oxime exhibited no optical achvhv 
when dissolved in cth y I alcohol . The su bst ance showed no ti'iKloio’ 
to form supersaturated solutions. 

Through the kindness of l)r. Simonsen we were enabled, dui'F;: 
the course of this work, to make a direct eompanson between tb 
oxime under consideration and the oxime of tlie same nieltii)*! p'!’!' 
prepared from the ketonie constituent of the essential oil of .hdic- 
pogon J ivarancu.sa (T,, 1921 , 119, 10.‘)2). The melting points of tb 
separate preparations and of mixtures of the two were idcntn'S- 
namely, 118—119^. Moreover, after careful recrystallisation fail- 
ethyl alcohol, the Indian specimen exhibited the same crystdHi'i* 
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chu’actol'isties as the Australian a-oximc, as is evident from the 
appended siinimary of goniometric measurenienls : 

AusU-ulian Indian. 

\ii3lniliaa Itiditm (r-akailatod). (measured). 

(calculated), (measured). , • . , • ^ 

<p <p p p 

y-^oO' 0"(10' c(OOl) 41=29' 41= 14' 31= 59' 

, is=50' 4S“55' o(Oil) 10:r 4S' 23= lU' 104= or 23=02' 

1,^,,, SI ir sro(>' d(Toi) 47 = 37 ' 2-rj2' 47 = 33 ' 27 = 08 ' 

119=20' 119=31' f(ill) 22= 35' 44= 40' 22= 31' 44= 40' 

rf/-Fipentone-a-oxime remains solid in contact with boiling water, 
bur is markedly volatile in steam. Its vajjour has an odour very 
similar to that of menthol. The oxime is insoluble in water, hut 
dissolves readily in dilute acids; it is precipitated unchanged from 
viK'li solutions on the addition of alkalis, including ammonia. It 
is insoluble in dilute sodium hydroxide solution, and is not affected 
when the reagent is raised to the boiling point. 

d\-Piperiione-^-ox it) le . 

In .spite of it.s low melting point and iiroiiomiced solubility, 
(//.pijieritoiie-p-oxime crystallises without difficulty and shows no 
isiclimilion to form supersaturated solutions. It di.ssolvcs with 
t'lvat ease in all tlie msiial organic solvents, ajid ma}' be rccrystallised 
either from light petroleimi or aqueous alcohol. After one 
ervstallisatio?! from light petroleum, the enidc product described 
iiliuvc melted at 88—89°, and the melting point was not affected by 
further crystallisation. Slow deposition from this solvent gave well* 
developed crystals, which were somewhat smaller, as a rule, timn 
those of the a-oxime (Found : jS — 8'(k iyOIS requires 

X ^ S-4 per cent.). 

The crystals (Fig. 2) are colourless prisms, rarely doubly ter- 
juiiiated, and ha^’ing smooth bright faces. The piism zone is 
^prominent, and consists of the forms (i!(100) and Sometimes 

the n fonu is wanting and the crystal assumes the shape of a four- 
sided prism. The c face is large and flat, the angle approaching 
1 ) 0 ', The negative ortho-prism is present as a small face, only 
eceasionally yielding good reflections. There is an im 2 )erfect 
cleavage developed parallel to the fl(i(}0) face. 

The forms developed are rt(lOO), c{001), wdl20) and d(102). 

Cnjslal syslam. — Monoclinic, holohedral. 

Axial mflos.—a : 6 : c ^ 0-6670 : 1 : 0’6794. = 93° 02h 
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Individual crystals of this substance were optically iiiciclivt- in 
alcoholic solution. 

(/i-Piperitoiie-[i- oxime liquefies in contact with boiling vvater, 
is readily volatile in steam. The odour of its vapour is similar tr, 
that recorded for the a-oxinie, but is perceptibly sweeter. 
a-oxime, it is soluble in dilute acids, but insoluble in water or sodiun^ 
hydroxide solution. It is not alTeotcd by the last-named r(-ag(.{,| 
when raised to tlu' boiling point, and it is reprecipitated umduuiwctl 
from its solution in dilute acid, or even in hot concentrated hydn,. 
chloric acid, on nciiTralisation. 


dl-/^" pc/v/o/c’*'/- iHc , C i L 1 


On pas.-iing <b'v iivdn^gen cliku'ide into a solution of the a-oxiiDj. 
(o grams) in benzene, a white, erystatline precipitate at onee staiu-d 
U) separate. The [wndiiet {.a-V grains), after colhadion and washing, 
with benzene, melted u ith (l(a;onip(,)sition at !»)/ , and the nioltiii^ 
point was unaffected by recrystailisation. The charaeteri.stics nf 
the new sul)staiu:e wei'e tlio.se of the hydrochloride of a weak ba.sr. 
Altliough .stable in dry air, it decomposed rapidly in water, 
yielding the original a-oxinu' and hydrochloric acid (Found, by 
titration, Oi - 1? 0. Ci( 3 HiA)N,lICl requires 01 - 17'4 per cenl.), 
Tt was readily soluble in alcohol, acetone, or chloroform, and 
by careful recrystailisation from a mixture of chloroform and 
benzene was obtained in well-developed 
t'nx. 3. crystals, which under favourable eon- 

^ , ditions often attained a moderate size, 

^v' v' 1 , As usually obtained, the crystals were 

. x ' small and colourless. They possessied 

I j ^ ; bi'ight, smooth faces ^^■hen first formed, 

j ; ; but these often became pitted and liistre- 

I . ' I less, whilst the crystals also changed 

ni \ i from transparent to opaque. Appar- 



ently these changes were due as much 
to the action of light as to that of 
moisture. 

The forms exhibited by these crystals 
(Kig. 3) arc the dominant prism, w(llO); 
;l nar^o^v face, n(lOO), which is often 
sup])resscd: and the large bracliy-domal 
prism, d(OlL^), 


Cnjddl Hhoin liic, holohedra ! . 

Axial raliof-. -a : h : c : O-liOSS : 1 : l'o3ob. 
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'I'ho angle bctu'oon tho /onas dd and nm U !M)°. 

When f/Z-piperitone-x-oxiinc hydr(i(;}il()ride was d{.‘C()ni})o«ed hv 
cold dilute sodium carbonate solution in presence of (dher, it vieldtal 
(.xclusively d^-piperitone-a-oxime. An al>s(»lute alcoholic solution 
of the a-oxime gave no precipitate vheii addtal to a saturated 
aK'dliolie solution of sodium elboxide, and the oxime whieli was 
regenerated in quaatitativ(> yield by the action of earluni dioxitle 
i]ielt<al unchanged at IIS — 1 

I he 4-oximc thus exhibits no marked teiideney to uiidergcj 
traiisfoiauation into the (^-oxime; it is not only stable in the fiee 
state, but also forms a stable hydrochloride. 

This being the case, it was of jiarticular interest to investigate 
tlie action of dry hydrogen chloride on the ['i-nxime. A strong 
sclulion of this isomeride in ])cnzenc remained porfeetly clear after 
saturating it with the gas, but on warming the solution on the 
water*bath and keeping it over-night, a separation of the hydro- 
ciiioride of the a-oxime occurred. When light ])etroleum was 
substituted for benzene, an im mediate oily precipitate was formed ; 
this crystallised when cooled in ice- water and rubbed with a little 
ether. On heating the product, it softened at about 120", and 
melted completely with decomposition at 1,)7A In similar experi- 
ments, the crystalline product was shown to consist mainly of the 
hydrochloride of the a-oxime, and it appeared likely that the 
fj-oxime formed a labile hydrochloride u’liich underw’ent trans- 
formation into the stable isomeride. 

p-A'dro6ca-o///-dbp/pe/-do«R.a-o.riwe, OjnHnj!X*0'CO-C(jHpXO„. 

On mixing concentrated ethereal solutions of the a-oxime and 
p-nitrobenzoyl chloride, reaction occurred with ease. After keeping 
for several hours, tho crystalline ])roduct was collected, washed 
with ddute hydrochloric acid and water, and puribed by rccryst^li- 
lisation from hot alcohol, in which, as in most of the ordinary 
organic solvents, it was readily soluble. The aggregates of soft, 
opaque needles thus oldained melted at 120—127", The yield 
was ahiiost equal to thb calculated amotjnt (hound : X = ll'2. 

requires X !S'8o per cent.). The derivative was 
msoluble in hot dilute acid or alkali. \A'lien its solution (2 gram,) 
in benzene uas saiuraUd with hydrogen cliloridc, a turbidity 

y 2 
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developed, followed by the separation of a heavy, oily layer, Ai'tt-r 
standing over-night in an open vessel, most of the oil had tlisappeart-rl, 
and the lip u id contained crystalline material. When collected am-j 
washed witli benzeme and chloroform, this melted at 241° (eorr.j^ 
and was identided as ^Miitrobenzoie acid. The other product of tli*. 
reaction was isolated as a dark bi'own oil ; it contained chlorine {17ii 
per cent.), was insoluble in dilute acid or alkali, and was poshbk 
a chloro- derivative of menthoiieoxime. It is thus evident tkat 
whilst ^j-nitrobeiizoyl-dhpiperitone-a-oxime does not form a stabt, 
hydrochloride, it is readily hydrolysed under the conditions stated. 

The m-nifrohcHzoyl dcrivatixe, prepared in a similar way, cry.nd. 
Used from hot alcohol in small, colourless needles, melting at 104-^ 
105° {Found : X ~ S'S ])er cent.). The reaction was less ra^ikl 
and complete than in the j)receding instance. 

The knzoyl derivative was similarly obtained as a coloiiri.es,- ni], 
which showed no tendency to crystallise, even after keeping for 
.several months. A like result was achieved by the application of 
the Schotten-Baumann reaction and by the use of pyridine ns a 
solvent for the reagents. When submitted to the action of hyilrogri] 
(■hloridc in benzene solution, bmizoyl-r/hpiperitone-x-oxiine iitukr- 
went hydrolysis ^\■ith the [iroclnction of benzoic aind. 

The ''koxhnc gave products identical with those just descrilicd, 
uhen allowed to react in ethereal solution villi the three ncid 
chlorides coacertied. The reactions appeared to tale^ place 
somewhat less readily than with the x-uxinK\ 
k the yields v'crc not so high. 

Bibromo-dlpiperifoneoxime. 
brominating r/Z-pipciatone-x-oxinie in 

chioroforni solution (Simonsen,/oc.ci7.,p.l6o2j. 

I the halogen was absorbed only very slovly. 

i After one reerystallisation from aleoliel tlir 

. ,,, I product melted and dceomposed at 121, and 

i even after repeatc'd crystallisation it jmned 

I ■ (tifticult to attain the recorded temperature of 

decomposition {14F). Different deterniim- 
i' ' tions made on the same specimen, even when 

i kO ^he bath was preheatf'd at 130°, gave result 
' varying from about 133° to 140°. 

' ^ ^ Dibromo-cfTpiperitoncoxime is not particu- 

^ larly stable in alcoholic solutions, which become 

red on prolonged keeping or continued warming. 
may be effected more easily by reerystallisation from hot benze ^ 
When allowed to separate slowly from alcoholic solutions, thep 
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substance forms M'ell-defined, colourless crystals (Fig. 4), which 
frequently possess some striated or rough faces, yielding indefinite 
rcfleetions. The habit is prismatic, modified, however, bv the 
presence of large smooth o(f>l 1) faces, wliich are a feature of the 
crystals. Tlie prism, m{l:10), which is jwoniinent, is often -striated 
liirougii irregular crystal growth. The c(0(il ) face, which is absent 
ill some crystals, is a small narrow form, often giving blurred 
retlections. No cleavage was observed. 

Cn/'sfal system. — Monoclinic, holohedral. 

d.r/fiff ratios.— a : h : c : ~ O'GlOfi : 1 : OilfiU. q ()(p_ 
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The 3-o\'ime reacts much more rapidly with liromiiic than does 
ihc a-oxime. Under the conditions indicated nboi instantazieous 
absorption of the halogen occurred during th(' first part of the 
ivactioii. The product, after rcrry>tallisation, yielded the same 
(librotno-deriva ti\ e as that prepared from the x-oxlmc and described 
above, the identity being established by melting point determinations 
and goniometric examination. Possibly, tlierefoiv. in view of the 
ea.se of reaction witli bromine exhibited by the 'i-oxime. dibromo- 
r//-pipcritoiicoximc should lie regarded as a derivatiw' of the p.oxime 
iiithei than of the a'()xim<'. In bf/rii nietliods ni pinparation. the 
crude product appeared to contain a more soluble .snb.stance in 
association with the dibroino-dcadvative which has been described. 

Ihbromo-cd-piperitoncoxime is insolulde in diluti* or concentrated 
fiydrocliloric acid. When nniancd with dilute^ sodium hydroxide 
solution, the crystals assume a vivid emerald gRani colour, ehangiiig 
to yellow, and sv(ljs(M|uently a brown oil is foimed, sodium bronfidt^ 
being produced in tiie aqueous solution. 

^Micn a oenzene .solution ot dibromo-dhpijieritoneoxiine is 
■saturated with dry livdrogmi eidorhle and allowed to stand for 
p'eral iiours, clusters of colourless needles arc dejiosited: these 
b^'conie pasty ^^•llen expoMal. to the atmosi.luo'e. and aiipear to 
ciaisist of an unstable hydrocldoride. 

We aeimowicdge our indebtealness to Uie ^feCfinighey Hesearch 
'uud of the Unixersity of Sydney for a grant in aid of these 
^searches, which ari' being continued. 

I JElMltTMEXT Of Oko.VXTO Of! O.Mt.STil V, 

Pnivbusity or Sydney. [iteccivid, Februan/ IWA. Islgi'.] 
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LXIX . — Prodndion and Reactions of j^p'^Dichlorodieiji^ij 
Sulphide. 

By Frederick George Mann and William Jackson Pope. 

The most convenient method of preparing P^i'‘dichlor^ldiothYl 
sulphide, (CH,>C 1 ’CH,J 2 S, furnishes a quantitative yield and consists 
in treating sulphur monochloride with ethylene (Gibson and Pope, 
’r., 1920, 117, 271). Under certain conditions (Mann, Pope, a^f] 
Vernon, T., 1921, 119, 034), the yield is not quantitative and tlic 
technical product is certainly far from pure. Gibson and Pope al.sii 
showed that the sulphide can be obtained readily by the action cif 
ethylene on sulphur dichloride, })ut that in this case tin* yield is. 
only about 30 per cent, of that indicated by theory; the Freud 
have founded a technical process of manufacture on this reaction, 
using carbon tetrachloride as a diluent for the sulphur dichloridc. 

Many questions connected with the above two reactions are still 
under discussion, partly because too little experimental data are 
available for their decision and partly also because the various 
workers have not defined specifically the nature of the iiiaterbls 
which they have used. We have already pointed out the difficulty 
of obtaining pure sulphur monoehloride and it has been .down 
(Pope and Heyeock, Eng, Fat. 142879, 1918) that sulphur di- 
chloride only exists as a definite chemical individual under spedlic 
conditions. It seemed therefore desirabh^ to study experinientally 
the action of the pure sulphur oliloiides on |il[i'-dichlorodietliy] 
sulphide and the related react ion.s bctw(‘en tlie latter siiUstance and 
chlorine for the purqjose of ascertaining the nature of the hy-producL 
which may accompany this organic compound. 

It is now shown that on treatment with chlorine |33'-dieli)oro- 
diethyl sulphide yields the corresponding tri-, tetra-, and liexfi- 
chlorodietliyl sulphides, in each of winch the further chlorine ataiis 
introduced enter one only of tlie two cthyhuK* residues of the 
molecule. This observation lias .sonu* connexion with BegiiiUilts 
work (.•!««. Chim. Plojs., 1S39, [ii], 71, 392), wliieh showed tlial 
diethyl ether yields a perchloro-derivative, (U 2 Ul 5 ) 2 G, on ehlorinidioii 
in sunlight ; we have atteinjited to prepaid' jierchlorodiethyl suljtliide 
by the action of chlorine on fiV-dichlorodietliyl sulphide in suiiliglit, 
but have merely obtained sulphur dichloride and perchloroetlmnf 
in accordance with the reaction described below, it is interesting 
to notice that Riche {Ann. Ckirn. Phjs., 1855, [iii], 43, 283) obhiin^ 
a tetrachloro-, a hcxachloro-, and an octaehioro-diethyl sulphide 
the chlorination of diethyl sulphide, and that by exhaustive clilorui 
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It ion in sunlight he obtained ]ierfhloroet}iane and a substance 
whicb he thought to be a perchlorodietiiyl sulf)hide. Guthrie 
{Quarl. J. Chem. Soc., 1861, 13, 35) described a tetrachlorodiethyl 
sulphide obtained by the action of ethylene on boiling sulphur 
iiionochloride, and converted it into a hexachlorodicthyl sulphide 
hv direct chlorination ; he presumed the latter to be identical with a 
lirxachlorodiethyl sulphide w^hich he obtained by the chlorination 
of diethyl sulphide. The boiling points and densities of the corre- 
vpouding products now described differ so widely from those of the 
^iihstances obtained by Riche and Guthrie as tr) make it improbabh' 
that we have heeii ch'aling vdth the same compounds. By the 
action of sulphur monochloride on fiji'-dichlorodk'thyl sulphide we 
have obtained tri- and tetra-cliloiodiethyl sulphide. The same 
products are formed on treating fi^'-diehlorodiethyl .sulphide wiRi 
sulpluir diehloiidc, and in this case evidence has been also obtained 
of the formation of |3-chloroethylsulphur chloride, CHoCl-CH 2 'SCl. 

When ethylene is passed through sulphur dichloride, the ruby- 
red colour of the latter gives place to an amber-yel!ow' long before 
two molecular proportions of the hydrocarbon have been absorbed 
bv one of the sulphur chlorides. If the reaction is arrested when the 
ruby- red colour disappears, a product is obtained from which no 
SS'-dichlorodieihyl sulphide can be separated; it yields the tri- 
and tetra-chlorodiethyl sulphides and the ri-ehloroethylsulphur 
chloride together with the sulphur monochloride. It thus appears 
that the [:ifi'-dichlorodielhyl sulpliide wliich Gibson and Pope 
obtained in about a 30 per cent, yield by the action of ethylene on 
sulphur dichloride is produced from the sulphur monochloride 
formed during the prcliminai}" decoloration of tlie sulphur dichloridc. 

In practically all the chlorinations described in the present 
j)a[}or mixtures of several halogen ated products are formed which 
cannot be re.solverl by ordinary fractional di.st illation under 
diminished pressure; by fractional distillation under 15 mm. pres- 
sure through the column which Dufton has recently described {J. Soc. 
('hem. Ind., 1919, 38, 45t) the product was in each case separated 
into its components without great difficulty. The new column is 
far more efficient than any which we had previously used, and w'c 
<lesire to direct attention to the fact that. Dufton has devised a novel 
jiiece of apparatus which i.s of great service to the organic chemist. 

Action of (jhhrine on -Dicklorodicthjjl Sulphide. 

Chlorine is slowly but .steadily absorbed wlien passed through 
|i;i'*dichlorodiethyl .sul[)hide; after a short time hydrogen chlori<le 
Is evolved and the temperature rises to about 50^. Preliminary 
experiments in which one, two, three, and four^molecules of chlorine 
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were caused to act on each molecule of the dichlorodi ethyl sulp[ij(j 
showed that a single product, the tri-, tetra-, penta-, oi- 
clilorodiethylsiilphide, could not be obtained, but that a mixture r| 
several of these substances was always produced. The product boijr,: 
with partial decomposition under atmospheric pressure, and wb',' 
distilled under reduced pressure from a Claisen flask yielded iJ 
constant boiling component. On distillation under lo mm. pre. 4 <yj,' 
through a Ouftoii column 65 cm, in length and of large aiinuj^f 
width at the rate of one drop in each three seconds, the mixtiuK 
were resolved; after several similar fractional distil la tiojis 
following three compounds were obtained in a state of purity. 

(а) app'-Tricdilorodiethyl sulphide, CH 2 Ch('HCl*iS*(’H;,'('H.y] 
boiling at 106-5 — 108^/15 mm., and of density, dfi,' 

(Found : C - 25-0 ; II = 2-6 ; Cl - 5I-8T. CVH.C^S ro,|ui,K 
C — 24'8 ; H ~ 3’6 ; Cl — 55-0 per cent.). 

(б) a^S3?'-Tetraeh]orodiethyl sulphide, CHCl^'CIIChS'CH.yCH./'i 
boiling at 123 — 125“^, '15 mm., and of density, — 1'544] (FouikI 
C ~ 21-2; H — I'S; Ci -- 62-1. C 4 H^.Cl 4 S requires C- 21-1; 
H — 2'6 ; Cl = 62-2 per cent.). 

(c) a:x3[i8'i'-Hcxac]ilorodicthyl sulphide, CCl3-CC1.2*S*CH.,*(’K.,(;[ 
boiling at 160 — 161^/15 mm., and of density, t/F,'' ~ 1 '61)44 {Fonnd : 
C— 16-3; f[=l'3; Cl — Tl'o. CiH^ClgS requires C-ltiy 
H — 1-4 ; Cl — 71-7 per cent.). 

A small quantity of an oil boiling at about 70q 13 nun. and post- 
ing a vile and persistent odour was also separated in the disl illation 
of the above crude products ; u e ere unable to collect suhidein d 
this for identification. These three chlorinatral diethyl sulphidts 
are colourless liqiiid.s which, like 33'-dichloi'odiethyl sulphide, siowh 
acquire a light green tint wlien ex[)osed to sunliglU ; they po.'^sc^Sii 
faint odour .similar to the parent (lichloro-compoiind, but arc devoid 
of vesicant properties and have much lower incdling points. As tin 
number of chlorine atoms in the molecule increases, the sulplnir 
atom shows increasing reluctance to become quadrivalent. Tliin 
bromine forms no addition compound with the trichlorodictliyl 
sulphide corre.sponding with the well-defined dibromide of 
dichlorodietbyl sulphide (Cibson and Poj^c, T., 1920, 117, 2'b, 
but on warining the mixture vigorous reaction occurs with evolution 
of hydrogen bromide. The triehloro- derivative is not acted on tv 
nitric acid at 0°, whilst the tetracl]loro-com])ound is prccipitalixl 
uneiianged on additioji of water to its solution in nitric acid ai 
30—35^. In each ca.so, warming with nitric acid cairses vigorotn 
oxidation and the production of a degradation product having tin 
odour of chloropicrin. Many attempts were made to obtain y 
pcntachlorodiethyl sulphide by acting on the di-, tri-, and telw- 
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chloro-com pounds Avitli the requisite amount of chlorine, but in each 
case mixtures were obtained which contained no pentachlorodiethyj 
sulphide. 

When treated with nitric acid, ^l^'-dichlorodicthyl sulphide yields 
the corresponding sulphoxide, and this, as Bennett has shown 
(T.. 19-h converted into p-chloroethanesulphonic acid 

M lien heated in a sealed tube with fuming nitric acid. The trichloro-, 
the tetrachloro-, and the liexachloro-dietliyl sulphides now described 
;irc oxidised to the sulphonic acid by a few liours’ heating under a 
reflux with nitric acid; some product rcsoiubling ehloropicrin in 
oelour is also formed. The sulphonic acid is .separattui as the lead 
>alt and converted into crude ammonium salt, vhicli is readily 
])iirified by cry.stallisation from absolute alcohol. Ammonium 
'^chloroethaiiesulphonate is thus obtained in minute needle.s 
Ttielting at 198'^ (corr.), which gave correct analytical results.* 

The oxidation to p-chloroethanesulphonic acid show.s that all 
these derivatives contain the group CH 2 C 1 ‘CH. 2 -S‘, and indicates 
that the coustitutioTLs are proluably those as.signed above. 

Oil passing dry chlorine into [i^i'-dichlorodieth}^ sulphide, allowing 
the liquid to warm up .spontaneously, and llne.lly heating at 100'" 
ill the current of chlorine, sulphur dichloride slowly distils over, the 
alisorplion ceasing after about tAventy-two hour.s; the product, on 
distillation, yields a mixture of sulphur moiiochloride and dichloride 
followed by an oil boiling at 130 — 175'’. Above this temperature 
tlie distillate solidities in the condenser, the crystalline suli.stanec 
being identified as perchloroetharie, meiting at The liquid 

boiling at 130 — 17.7'’ separatc.s sharply, on distillation through a 
Diifton column, into a^iS^-tetrachloroethane, boiling at 129 — 130'^ 

( KaiiomiikoAv, Kasan, 1880, gives tlie boiling point as 129*5 — 
bJU”), and pentachloroethane, boiling at lo9 — 161''’ (Thorpe, T., 
1880. 37, 192, gives the value lo9T"), Avhilst a crystalline residue 
of pereliloroethane remains in the distillation flask. On occasions 
Mhen the chlorination Avas lcs.s exhau, stive, mixtures containing 
loAver chlorinated ethane.^ Aven^ obtained, but the.se were not further 
examined. 

It thus appears that ^xti^gifi'diexachlorodiethyl sulphide is decom- 
posed by the addition of tvo molecular proi)ortioiis of chlorine into 
sulphur dichloride, hexachlorocthano, and ethylene diehloride, the 
last then undergoing further chlorination. 

AcliofL of t^uljjhur Mo)tockIoride on !33'.i>d7//orod/(7/iy/ Sulphide. 

it is knoAvii that [iji -diehloiodiethyl sulphide is fairly resistant 
to sulphur monochloride, especially in absence of iron [J. Soc, Chem. 

Some error has civpt into Jiennett's aiialytieal results. 
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hul., 1919, 38, 469r; T., 1921, 119 ,. 645), but reaction doo« occur 
on prolonged contact of the two substances ; the nature of 
changes induced was tlierefore studied. 

Carefully purified ['if^'-dichlorodicthyl sulphide {23-85 grams) 
mixed with sulphur monochloridc (40-5 grams) free from iron, anrj 
the mixture allowed to remain at the ordinary tempci-Hlure in 
absence of moisture ; hydrogen chloride was slowly e,volved and 
after seventeen weeks, 0'7o grams of this gas had escaped and 
crystalline sulphur (o’45 grams) had separated. The yellow jiqyjj 
(49’2 grams) was distilled, w-hen sulphui’ monochloride (lOdi granij;) 
came over below 75°/'15 mm., followed by an oil (lo’t) grami;) 
boiling at lOS — 126^/15 mm. ; much foaming, due to the evolution 
of hydrogen chloride, occurred during the distillation, and a black 
tarry residue, consisting mainly of sulphu r, rema iried . The oil boilinc/ 
at 108 — 126° was separated by fractional distillation into t richloco'. 
diethyl sulphide (S'O grams) and tetrachlorodiethyl .sulphide 
(5'8 grams). 

On boiling ,83'-^hchlorodielhyi sul])hidc (1 mol.) with sulphur 
monochloride (2 mols.) under a reflux, hydrogen chloride i.s slowh 
evolved, and after several liours an almost black liquid re.sults; on 
distillation, a small yield of totrachlurodietliyl .sulphide is obtained 
(about one-fourth by wT‘ight of tlic original sulphide), whilst a 
heavy, black tar containing sulpliur remains. The same result k 
obtained on heating the mixture at 100° for ten hours, -when tlie 
evolution of hydrogen chloride ceases; a similar proportion iif 
tetrachlorodiethyl sulphide and black tar result.s. 

It tiius appears that sulpliur moiioohloricie acts as a chlorinatint: 
agent on fifi'-dichlorodiethyl suljfliide, .slowly jiroducing therefrnm 
Irichloro- and letrach loro-diethyl sulpliide at the ordinary temper- 
ature, and tetrachlorodiethyl ,sul[)liid(' in smaller yield at l()(t (»r 
at the boiling temperature. The foaming whieh oiwurs during (he 
distillation is jirolmlily due to tlu' removal of liydrogen cliloride 
from (ifi'-diehiorodiethyl sulphide diehloride. 

AcUoii of iSulpJuir Du'Jdoridr on yd-Dirhlorodiethijl Sulphkk. 

On adding sulpliur dicdiloride, prepared by the method of Pope 
and Heyeoch, to [ifT-diehlorodietliyl sulphiile at 0°, heat is evoked 
and the red eolour of the sulphur diehloride is at once discharged: 
the lifpiicl hc'C'ome.s yellow, smells of sulphur monochloridc. and 
hydrogen chloride is evolved. As more diehloride is added, the 
action hecome.s le.ss vigorous, and ultimately rapid .stirring h 
necessary to discharge the red colour; about four molecular pro- 
portions of sulphur diehloride can lie added before the red cohaii' 
becomes persistent for a considerable time, but much of tlie iTiigont 
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i.s certainly carried away or decomposed by the escape of liydrogen 
chloride from the agitated liquid. Addition of a trace of iron hastens 
the action. When the product presenting the persist('nt red colour 
i.s distilled under reduced pressure, sulphur dichloride followed hy 
>ulphur monochloride comes over behnv 75715 mm,, hut distillation 
is rendered difficult by the evolution of torrents of hydrogen chloride. 
Bydi.stilling small quantities at a time, a further distillate is obtained 
at 90—116^/14 mm.; this, on further fractionation and analysis, 
proves to be mainly triehlorodiethyl sulphide and tetrachlorodiethyl 
sulphide. 

On heating the first reaction product at 1 50— -160° under atmo- 
spheric pressure, hydrogen chloride i.s evolved and sulphur mono- 
chloride distils; when the dark red residue is distilled under 
reduced pressure, sulphur monochloridc comes over below 75" -18 
mm., followed by an orange-coloured fraction at 110 -130°/18 mm. 
•last after condensation this fraction is nearly odourless, but on 
standing it soon evolves hydrogen chloride and acquires the odour 
,)f sulphur monochloride. This change in colour is probably 
attributable to the presence of [i-chlorocthylsulphur chloride, 
C’H.CTCHg^SCl. On treating the fraction with dilute nitric acid 
in order to oxidise tlie latter substance to p-chloroethanesulphonic 
acid, the residual oil, when distilled under reduced pressure through 
the Dufton column, is resolved into trichloro- and tetrachloro- 
diethy] .sulphides, The tarry re.sidue left in the distillation of the 
crude product yields sulphur after boiling in benzene solution uith 
animal charcoal. 

Consideration of the results described, wliich are typical of 
many others obtained, leads to the conclusion that tlie chief reactiojis 
concerned in the action of .sulpliur dichloridc on [i^-diclilorodietliyl 
sulphide are the foliowmg : 

- -y SjjClj .. CHoCl-CilClvS-C’H^'Ckci + is + HCl. 

'Vitli Iliese is coupipil the fiirtlicr elilorinatidii to tetraehloi'orli- 
ethyl sulphide. 

the above represent the principal reactions of sulphur 
dichlonde with pp'-diclilorodicthyl sulphide, evidence has been 
‘otained, as is noted abo\'‘s that a certain proi)ortion of p-eliloro- 
(■thylsulplmr chloride is also fonncrl. This substance could only 
'■esult from the reaction expressed by equation 3, namely : 

it appeals that reaction 3 is revcrsilde under appropriate 
emperature conditions, yielding PfT-dichlorodiethyl sulphide, which, 

Y* 2 
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in presence of sulphur dichloridc, yields trichlorodieihyl suljjhide in 
accordance with equations 1 and 2, We are still occupied ivitli 
preparation in a pure state of p-chloroethylsulphur cliiorido and 
with the study of its properties. The production of fi'chloroctlivl. 
sulphur chloride seems to be proved by mimerous experiments 
of which the following may be ([uoted as typical. 

Sulphur dicliloride (305 ’S grams) \\'as gradually added durina 
four hours, with constant stirring, to (''•ifV-dichlorodietliyl snlpliij^ 
(71 ‘3 grams), the temperature being maintaiued at 0^ Concen. 
trated nitric acid (203 c.c., d 1'42) was then slowly added trith 
cooling, when vigorous oxidation took place iutcrinittentlv; after 
standing over-night, the mixture was run into water, the separatetj 
oil (5-l‘0 grams) washed with water and \’ei'y dilute sodium bioar, 
bonate solution, dried, and distilled at atmosplieric pressure. After 
repeated fractional distillation a colourless oil, whicii fumed sligluK- 
in the air and boiled at 198 — 20-4^ under atmospheric pressure airl 
at 93- 97". 17 mm., was obtained. On analysis, this proved tu lit- 
thc S*chloroethanesulphonyl chloride, descnbiti 

by Koibe (./. Ckem. Soc., 1862, 15, 97) as boiling at about 2o(i 
and by James (T., 1883, 43, 42) as boiling at 200 — 205" (Foimd; 
Cl - 43‘74; 8 - 19-33. Calc., Cl = 43-50; 8 - 19-67 per cent.). 
When this oil was repeatedly evaporatc'd with tlie diluted nitric add 
.solution, the liquid treated witli lead carbonate, and the filtrate 
evaporated, kad fj-cJdororfhanf-suIjdionate was obtained as a uhite 
powder (hound : C ~ 9'7 : H -- 1-4: Pb — 42' 18. C. 2 H 4 () 3 ClShi) 
requires C = O’T ; H = I'ti; Pb = 41'9 per cent,), 

A further secondary reaetiori seems to accompany the action of 
sulphur dichloride on ;:/[i'-dic‘hlorodi ethyl sulpliide and re.sults in 
tlie formation of diet/ivleoe disuljdiidc. On agitating the (Tude 
)>rodiict of the action of .■^ulpiiur dichloridc on liA-diclilorodiclliyl 
sulphide with a paste of chalk ami water in order to hydrolyse Ike 
chlorides of sulphur, extraelirig with ether, evaporating the ctlicr 
extract, and treating the residue with nitric acid at 9' until no 
further oxidation occurs, the residual Inau y oil, after washing and 
drying, gives on distillation the sulphonyl chloride i)oiling at !b-- 
98PT6 mm., and a residue which yields a solid eojidensate when 
distilled under atmospheric pre.ssure. This solid material crystallises 
fromalcoiiolandisdiethvlenedisu]])hide (Pound : C— 39*6 ; H=C'ii. 
Calc., C~-39-fi; H - 6-7 per cent.); it gives the charactcrisik' 
blood-red coloration with nitiie acid, a!id the quantity of pure 
product {1‘5 gra-n.s) obtained from highly juiritied pS'-dichk®- 
diethyl sulphide (54 grams) melting at 14° is so large as to precludi' 
its having been present in the original materials. 
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Interaction of Ethylene and Eulphur Dichloride. 

It has previously been sliovn (Gibson and Pope, ’i\, .I9i>(), 117 
::71) that on saturating sulphur dichlonde witli oihylenc and dis- 
tilling the ]jroduct under reduced pressure a fraelion is obtained 
^vilicil contains about 90 per cent, of fi[i'-dichlnrodiethyl stdphidc 
and weighs about half as muelf as the sulphur dich]ori<lo used; 
this eorresiJOTids wilh a yield of about IIO per cent, of that which 
diould be obtained in accordance with eijuation 4. 

4. -r SCI 2 -- (CH^ChCHoj^S. 

On treating ethylene Avith sulidnir dicliloride, althou^dt not to 
completion, Guthrie [Qifart. Jovrn. Chem. Eoc., 18(50, 12, 116) 
obtained the unstable fi-chlorocthylsulphur chloride, and Coriant, 
Hartshorn, and Kiehardson {J. Amer. Chem. Soc., 1920, 42, 590) 
oofieludod that they obtained the same substance by the action of 
sulphur dichloride on an excess of ethylene. For the purpose of 
elucidating the reaction between ethylene and sulpfiur dichioride 
we have carried out a number of experiments. 

On passing a current of dry ethylene througli strongly agitated 
sulphur dichloride maintained at (P, tlio ruby-red colour* of the 
dichloride changes to straw-yellow long before tlie proportion of 
ethylene absorbed attains that indicated in equation 4, When the 
product, obtained by passing in ethylene until the ruby -red colour 
is on the point of disajipearing, is distilled under diminisliVd pressure, 
a little sulphur dieldoride comes over, followed by a eonsiderable 
r|uantity of suJpliur monochloride, both bcioAV 80"*^ 1 5 mm.; much 
foaming, with evolution of hydrogen chloride, then occurs, and a 
fraction having the orange colour of p-chloroethylsulphur chloride 
distils at 95— 130^/1 5 mm., and, lastly, a small fraction boiling at 
150— ICO 715 mm. A black tar remains in the distilling bask and 
this, as also the fraction distilling at 150— 1()(F 15 mm., is instantly 
oxidised by nitric acid, giving ^cliloroethanesuJphonic acid. On 
agitating the fraction boiling at 95— 130; 15 mm. with dilute nitric 
acid, to convert ^he S-cliIoroethylsiilphur eliloride into the sulphonic 
acid, a pale green oil remains, xvliich is separalile, l»v repeated 
fractionation through a Dufton column under reduced [.ires.sure, into 
about two parts of the trichlorociiethyl sulphidi' and part of the 
tetiachlorodiethyl .suliihide described aliove. 

Xo evidence lias been obtained of the jirescncc' of bS'-dichloro- 
thethyl sulphide in the pi-oduct which results from treating sulphur 
dichlonde vrith ethylene up to tlie stage at which the dichioride 
ise disappears; the method of examining the jirodiict should 
lave led to the detection of dichiorodiethyl sulphide, had this been 
present, because the chlorides of suliihur Avere distilled off rapidly 



602 MANN AND POPE : PPODTTCTION AND REACTIONS 0? 


below 80°. During tlie (liHiillalion, little evolution of hyclro 9 p„ 
chloride takes place before the sulphur chlorides have been 
and it thus appears that sulphur mono chloride is present in 
product before distillation. 

The residts obtained are in accordance with the view that several 
reactions occur simultaneously, namely, that indicated by Gutlirir 
(b), followed by the conversion of Ji-chloroethylsulpinir chloride into 
trichlorodietliyl sulpliide, hyrlrogcn chloride, and sulphur mono 
chloride in accordance with 1 and 3. 

The results obtained suggest that two reactions, represented by 
equations 5 and 6, occur simultaneously wlien etliylene is brougjit 
into contact with sulphur dichloride at 0°, namely : 

o. + SCI, = (CH.Cl-Ca,).,S 

6. V SCI, - eii,d<u-sci, 

and that at the low temy)eratiire reaction 5 is followed bv tli?i 
represented by equation 1 , already shown to occur ; after the sulphur 
chlorides have been distilled off, the product of reaction (I deconiptisis 
in part in accordaiice with the reversal of reaction 3. A coTiiplicHtiun 
is introduced by further chlorination of trichlorodietliyl sulplii(.k 
to give the tetrachloro- derivative. After tlie sulphur diehloride 
has disappeared, further absorption of ethylene occurs hv \h 
sulphur monochloride produced; if this follows the comphtioji 
of reactions o, 0, i, and 2, the yield of fi[j'-dichlorodiethyl sulphide 
should be 25 per cent, of that which would be obtained if reaction 
5 proceeded alone. It has been shown, however, that some tetm- 
chlorodiethyl sulphide is produced by further chlorination; the 
occurrence of this as a .subsidiary reaction would increase the 25 per 
cent, yield; and, as has been noted, the total yield obtained liy 
Gibson and Pope was about 30 per cent, of that possible from 
equation 5. 

It has been stated by Conant and his colleagues [he. at.], that 
chlorination of the [5[3’-dichtorodiethyl sulphide bust fonrieil can be 
prevented and a fairly pure sample of llie latter olitainerj by treatins 
dilute solutions of sulphur dichloride in carbon tetrachloride ^vitli 
ethylene. 

Although the trl-, tetra-, and lie.xa-chlorodiethyl sulphides now 
de.scribed are more readily oxidi.sed to the 'i-chloroethanesulphonie 
acid than is the die li loro- deri\ati\'e, it was not found possible tu 
prepare the corresponding suljjhoxides and sul phones by tb? 
customary methods of oxidation. The sulphoxides of the tri* 
and tetra-chloro-compourids were obtained by the action of alkaline 
hypochlorite solutions on (ip'-dichlorodiethyl sulphoxide: the 
hexachlorodiethyl sulphoxide could not be obtained, and it appears 
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that the facility with which the sulphoxide is formed diminishes £us 
the number of chlorine atoms in the molecule increases. 

j^^^'.Trkklorodi ethyl xSvlphoxidp, CH2Cl-CHCl'SO'CH2‘CIl2CL 
ri3'-Dichlorodiethyl sulphoxide {50 grams) is mixed with sodium 
livdrogen carbonate (80 grams) and stirred uj) with sodium hypo- 
chlorite solution (500 c.c. containirig 15 per cent, of available 
chlorine); vigorous action soon sets in and earl)on dioxide is 
evolved. The mixture is cooled at 20“ and filtered after two hours, 
the filtrate and residue extracted with chloroform, and the ehloro- 
forin solution evaporated. The residual oil (32 grams) deposits 
crystalline p|‘T-dichlorodiethyl sulphoxide (15 grams) and, after 
filtration of the latter, the oil is extracted with hoi 30 per cent, 
alcohol ; after heating on the w ater-bath and cooling, the remaining 
oil crystallises. The crystalline deposit is purified by crystallisation 
from carbon tetrachloride and proves to be -frichlorodiefkyl 
Mlphoxide (6 grams), which crystallises in long, colourless needles 
melting at 69“ (Found; 0 = 22-8; H = 3‘40 : 01 = 50-82. 

C^HjOOSlgS requires 0 = 22-9; K := 3 37 ; 01 = 50-77 per cent.). 
The compound is freely soluble in benzene, chloroform, or alcohol, 
less soluble in ether, and nearh^ insoluble in cold water or carbon 
tetrachloride. 

n^^^^'-Tetracklorodidkyl Sulphoxide, CHOlg’CHChSO-CHg'CHgOl. 
The previous prepai-atiori is carried out so far as the cooling after 
the initial reaction with hypochlorite, and a large excess of hypo- 
chlorite solution is then added; after remaining over-night, the 
sludge is filtered by the aid of the pump, all oily products being 
drained away as completely as possible. The residue is washed with 
dilute hydrochloric acid, and the almost dry filter cake extracted 
with alcohol; on evaporating the alcoholic extract, a crystalline 
residue of the crude tetrachloro -com pound is obtained, which is 
purilied by crystallisation from boiling water. The substance 
separates from water in long, white needles melting at 121“ : it is 
very soluble in alcohol or chloroform, less so in ether, and nearly 
insoluble in cold water (Found : 0 — 19-6; H — 2-5; Cl = 58-1, 
0411^00148 requires 0 = 19'7 ; H = 2'5; 01 — 58-1 per cent.). 

Thk Chemical Laboratory, 

University of Cambridge. dtecdixil , March iifh , 191^2. j 
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LXX . — The Constitution of Catechin, Part ly 
By Maximilian Nieren stein 


Kostaneckt and Lamps { Ber ., 1006, 39, 4007 ; 1907, 40, 4fjj(j. 
liave shown that gambicr-catechin tetramothyl ether yields \\i\l 
ease only niono-siibstitiited halogen deri\'atives. On oxidatiort 
these prodiicls gi^•e verat ih; aeid, which was eonsiderecl to bn 
e\ddence in favour of the ooumaran formula [A] for catechin, sirii-e 
tlie chroman formula (B) (A. G. Perkin and Yoshitake, T.. ]()((•) 
81, 1172) requires disubstitution of the phioroglucinol riuelnu^ 



0 
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OH 


HO CK 
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Kostanecki and Lampe’s objection to formula B also applies tn 
aeacatcchin tctramethyl ether (I) (compare T., 1921, 119, 1541 
which has also been found to give a monobromo-derivative.* kir 
the investigation of this bromo-derivativc proves that the substitii- 
tion takes place in the 3 -position ‘of the chroman ring and not in 
the phioroglucinol nucleus. The following evidence proves thrti 
'S-bromo-2’hydroxy-i : 6 ; 3" : A'-fetra7neJhoxy’'^-phen?jlc}troman- (II) i> 
formed on bromination : 

I. (a) 3-Bromo-2-hydroxy-4 : 6 : 3': 4'-tetrametlioxy-3-plienyl- 
chroman (II) is quantitatively converted into '2-hydroxy-'S ; I ; (j : 3 h 4 '. 
pentriMdhoxy-S phenyJcJiro^nan (III) by boiling with methyl alcoliol. 
The corresponding 3-ethoxy- derivative is obtained when ethyl 
alcohol is used instead of methyl alcohol, [b) On wariiiing with 


* The same objection l\olds good for the alternative formuli (.' of 
Kostanecki and Lampe {Ber., 1907, 40 , 720), which is now tlaiirr'd In 
Freudenberg {(bid., 1920, 53, [B], 14-10} as his alternative for lonv.ula K 
Reference must bo made to a recent modification of formula B by Eui-r 
{SvmsJc. Km. Tidskr., 1921, 33, 88). Ilns formula D is supposed 10 expi'ei> 
the formation of monobromocatechin tetramethyl ether. It does nob howev'-r. 
account for (he fact that catcetdn peniemethyl ctlier elso yields only a nioiio- 
bronio-derivative {compare Kostanecki and Lampe, loc. ('it.). 


0 OH 0 OH 



HO OH CHj 
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zinc du.sfc and alkali, the alcoholic solution gives acacatecliin 
ic'iraiuetliyl ether (I). Thus in all these properties it closely 
resembles a-bromodiphonylacctic acid (compare Mccrwein, Amialev^ 
396, 262) and other a-substituted bromo- derivatives (coui- 
jiare, for example, Hell and Bauer, Ber., 1004, 37, 232). 

It. 2-Hydroxy-3 ; 4 ; 0 : 3' : 4'-peiitainetlioxy.3-phenylchroman 
(III) yields the same disintegration ^u’oduets (diinethyiphloro- 
irliieinol and veratric acid) as acacatecliin totrameihyl ether (I), 
uliieh delinitcly proves that the new methoxy-group lias not entered 
the phloroglucinol nucleus. 

111. Closely resembling acacatecliin tetrametliyl ether (I), 
2 livdroxy'3 : 4 : 6 ; 3' : 4'-pcntamcthoxy-3-p]ieriylchroman (III) gives 
uii reduction with metallic sodium and alcohol and subsequent 
Diethvlation 3 : 4 : 2' : 4' : 6'-peiitamethoxy-aa-diphenylpropane 
{IX)‘ 

0^ 0 0 
Mro/VCcH, MeO/y/i'Cji, 


CBr - 
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1 JoMo 


OMc 


MeoCCoMo 


MeO/\ 
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The following experiments prove that the substitution in a(*a(‘gj( 
chin tetranietliyl ether (I) does not take place in the 2.pojjitiQjjV 

L Acaeatechin tetraracthyl ether (I) is converted by the actif^ 
of thionyl chloride into 2-chIoro-i : 6 : 3' ; 
chrofmn {IV), and subsequently reduced by Grignard and Tissier’i 
method {Compt. rend., 1901, 132 , 835) to 4 ; 6 ; 3' : -feirQrnf-thoiu 
Z-phenykkroman (V), The latter substance gives on broiniiiatioi, 
'i-bromoA : 6 : 3' : 4' def ram ethoxy A-phenykkroman (\T), from 
3 : 4 : 6 : 3' : i'-pentarneihoxiiA-pkenykhroman (VII } is obtained bv 
boiling with methyl alcohol, 

11. 3:4:6: 3': 4'-Pe]itamethoxy-3-p]ieny!ehroman (Vll) is abo 
obtained by converting L^-liydroxy-3 : 4 : 6 : 3' : 4'-pentametl)oxv. 
3-phcnylehroman (111) into 2-chloroA : 4 : 6 : 3' : 4' -penfarfuiiio:l}j. 
*i-phenykhroman (MU) and subsequent reduction by Grignard aiid 
Tissiers method. 

It is found that both 4:0:3': 4'-lelra7netho\y-3-phenyl( hrfinian 
(V') and 3 : 4 : 6 : 3' : 4'-pentametho\y-3-pheny!ehroman (Vll) 

3 ; 4 : 2' : 4' : G'-pei7lamethoxy-aa-diplieny] propane (IX) on mine, 
tion with metallic sodium and alcohol and siibse(tuent nielhylatioti.v 

Reference must be made to a publication by Preudenberg, Boliuie 
and Beckendorf {Ber., 1921, 54, [B], 1204), who claim to havi- 
established the identity of Kostanecki and Larape’s methylateil 
reduction product {Ber., 1907, 40, 720) with synthetic 3:4:2': 
pentaraethoxy-xy-diphcnylpropane. In support of this (•onton- 
tion, they quote the absolute identity of the melting points aiul the 
crystallographical data of these two substances. This is contrary 
to the author's previous observations (T., 1920, 117 , 1156) a.^ 
regards the melting points and mixed melting points of 3 :4:2':4':()'- 
pentamethoxy-sx-diphenylpropane (m. p. 83—84'"), 3 : 4 : 2' : 4' : (}'• 
pentamethoxy-xydiphenylpropane (m. p, 87 — 88'"), and Kostancckj 
and Lampe's methylated reduction product (m. p. 83—84"). It 
is also contrary to the crystallographical ob.servations of Mr. T, V, 
Barker, who kindly undertook the investigation and who nport' 
(July 18th, 1921) as follows : 

* Monosubstitutiori in the l-i)osition is very i/nprobable. It is. hftvevo. 
intended to investigate this point and to revert to it at a later date. 

+ It is not proposed to give the experimental details of the reduction ai"i 
subsequent rnethylation of either of fhe.se substances or of 2-hyflroxw 
3 : 4 : 6 ; .1' : 4'-pentamethoxy*li-pheiiylchrornan (III). All tliese procc.^ss 
were carried out exactly as descTibed by Kostanecki and Lampe IW'- 
40, ”20), and reference to them has been made in previous papeis by iln' 
author (T., 1920, 117. 971. 1151 ; 1921, 119, 104). All the methylated re- 
duction products obtained from these substances melted at S.S iSl”, - 
melting point was not depressed on admixture with synthetic :i ; 4 : 2 
pentamethoxy-oa-diphenylpropane. 



>'tert:>"5TEIN : the constitution of catechin. part tv. 607 

•• Tlirce specimens were sent by Dr, Nierenstein for examinat ion, 
labelled respectively ‘ Kostanecki's methylated reduction product ' 
(hereafter termed ' A 3 : 4 : 2' ; 4' ; O'-pentamethoxy-aa-diphenyb 
propane (‘ B ’), and 3 : 4 : 2' : 4' : Obpcntamcthoxy-aydipheriy]- 
piopanc. A crystallographic al examination proves the identity of 
• A ■ and ' B/ They both crystallise in very strongly douhle- 
IV trading (kh’-rhornbic plates or leaflets, ^\]uch rarely develop an 
iuiditional edge (apparently due to cleavage). The vibration 
(lirectiou of the slower ray makes an angle of 4" ^^itll one edge, the 
faster being inclined at an angle of 22° with tlie other edge. One 
of the two refractive indices is close to that of olive oil, .so that a 
remarkable change of relief is observed when an immersed frag- 
ment is rotated over the polariser. Nothing characteristic is seen 
in convergent light. 

The ay-dcrivative is different from ‘ A ' and ‘ B.' It cry.stalli.sos 
in lustrous, flattened needles with straight (extinction and a relatively 
weak double refraction. No change of relief is noticeable when 
exEUiiincd in olive oil. In convergent light the normal to the 
riattened facet is seen to be the acute ])isectrix of an opticEilly nega- 
tive crystal The axial plane contains the dinmtion of elongation, 
and the optical axial angle is wide. 

Observations prove that neither ' A ' nor ‘ B ’ Itas the power 
of causing the cry.stallisatioii of a supersaturated alcoholic solu- 
tion of the more soluble «y-isomeride. These results disprove any 
possibility that the difference in optical properties is due to a 
difference of orientation, and are scarcely reconcilable with a view 
that the two specimens are climorjflious forms of thc' same cliemical 
■Species. 

" The result of this comparative examination, then, is to prove 
that the ‘ Kostariectki methylated K'duction product ' is identical 
with 3 : 4 : 2' : 4' : 6'-pentamethoxy - aa - cliphenylpropane and 
different from the specimen of the xy-is(.)nieride of the latter. Tlie.se 
results, it must bo noted, ai’e not in agreement witli those of a 
recent trustworthy examination by Steinmetz of two preparations 
submitted to him by Treudenberg, Bdhme, and Beckeiidorf {Bn.. 
1!)21, 54, [B], 1208) as being Kostanecki's methylated reduction 
product and the ay-derivative. The two preparations u-ere found by 
Steinmetz to be crystallograpliically identical, lioth crystallising in 
plates, which the present writer finds to liaxe a. supertieial, geo- 
metrical resemblance to the substances A ' and ' B/ but not in the 
angular values nor in the optical details. A double discrepancy is 
imulved in the results of the various crystallographical examina- 
tions, for neither Steinmetz s * Kostanocki product ‘ nor hi.s ay- 
isomeridc is identical with those examined by the present writer, 
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who has come to the conclusion that, owing to some error or other 
the reputed aydsomeride submitted to Steinmetz may really hav^' 
been a second specimen of the German chemists’ ‘ Kostanec-b 
product ’ (whatever that was) and not authentic ay-inaterial 
The reason for this belief is that Froiidenberg’s original desfripti,-,ji 
(fifir., 1920, 53, [5], U27) of tlic s^y-cminpound (‘ lustrous, colour 
less, very thin, needle-shaped, elongated rectangles ’) is fgjj, 
description of the ay-material submitted to the present writer, hui 
can scarcely be identifi('d with cither of the two specimens sutfif. 
qucntly sent to Steinmetz for examination — for structural 
siderations teach the truth that tlie needle is the cTystallogniphioai 
antipode of the Icaliet or plate and cannot be expected to vary it:, 
form with change of solvent or of tiie physical conditions attending' 
the act of crystallisation." 


E X P E K 1 >I E N T A I> . 

The acaoatechin used in this in^-estigation was prepared accord- 
iiig to the method described by Perlun and Yoshitake [loc. (it., 
p. 1169). It was crystallised from distilled walei' slightly acidified 
with acetic acid. Two different sjiccimcns of Acacia catedni 
extract were userl for the preparation of acacatechin, for wliicb 
the author is indebted to the Director of the Imperial Iiistitatr 
and the Director of Agriculture for India rc.speciively. Thv 
acacatechin from both sources melted at 204-— 205'^ as given by 
Perkin and Yoshitake. Several pre[)a rations were also mad-- 
according to the method of Freudenberg, Bbhnie, and Ecckcii- 
dorf [loc. cit., p. 12()S), they also melted at 204— 20.V; and all 
attem|)ts to isolate a .->])eeimen melting at 216— 218', as given by 
Freudenberg and his collaborators, ]ia\ e failed. This is of iiitercsi 
since Perkin and Yoshitfdic Averc also unable to obtain a specimen. 
Avhich melted at 217% as given by Zwerner {Annakn, 1841, 37, 32(i), 
An average yield of 76 per cent, on the extract was obtained by 
Perkin and Yoshitake’s nietliod, wlnu'cas Freud eiibcrg's method gavr 
only 32 per cent,, wliieh is slightly higher than the cpiantity found 
by him (20—25 per cent.}, ih'eliminaiy experiments, both vitli 
acacatechin and the pcnta-ac(‘tyl derivative, sliowcd that neitlier 
of the tw'o acacatechin preparations was optically active,’^ Ik> 
Is also contrary to tJie rc, suits of Freudenberg aud hi.s collaborator 
{he. cU.)y who find that tlieir .speciuK'n of acacatechin is a mi.v'turf 
of dl- and /-catechin.t 

* For these ob-servatioas I aai to Mr. R. Barr, Ji.Sc. 

f The question of the optical activity of acacuteclun and Froutlrnbei j ■ 
criticism {Z, angcw, Clwn., 1921, 34, 247) of rny symthesis of this oubstaiic , 
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Acacatechin tetratuelKyl ether was prepared according to A. G. 
parkin’s method (T., 1905, 87, 400). It melted at 152-154° 
ind ga^e the indigo- blue coloration with acetic acid and nitric acid 
described by Perkin. Reference has been previously made (T., 
1<VM 119, i68) to the fact that syntlietic acacatcchin tetramethyl 
-thr-T docs not give this colour reaction, and it was therefore at the 
time suggested that the colour was probably due to a trace of 
EinotluT substance. This seems to be the case, as may be judged 
fiviu the following experiment. 

Ti) a solution of 2 grams of acacatcchin tetrameUiyi ether in 
•>,') c.c. of glacial acetic acid is added 1 c.c. of nitric acid, when a 
deep indigo-blue coloration is immediately produced. After stand- 
iti«r for twenty-four hours, the colour disappears completely, and the 
sohd obtained on precipitation with water is crystallised from 
alcoliol, from which it is deposited in small, prismatic needles, 
nadtiiig at 154° (mixed m. p. with the synthetic product, 154°). 
The purified fwoduct docs not give this characteristic coloration. 
It is interesting to note that gambler- catech in tetrametliyl ether 
beliavcs exactly in the same maimer. The tetramethyl ether of 
JVi'ldn and Vosliitake's higli-molting gambier-catcchin {loc. cit., 
I>. 1167), even after repeated purification by tlic method just 
described, yields no product which dues not give the Perkin colora- 
tion. It is therefore possible that this reaction is due to traces of the 
liigh-melting gambier-catcchin, since from observations made in this 
l;tiH)iatory high-melting catechin is found, not only in cube gambler 
(Perkin and Yoshitake, loc. cit.), but also in Aairin calcchu extract. 

'.]-Bromo-'2-hydroxij-4 : 6 : 3' : A' Act nnu( lho.t-}jA]-jjh(:nykhroman (II). 
'Po a solution of 20 grains of acacatcchin tetramethyl ether in 
c.c, of glacial acetic acid 9 grams of bromine dissolved in the 

vviiicli he bases on. tiie supposed optif:al aotiviiy of iicacalechin, are under 
investigation and will ])o dealt with in a hirer ernnmunicatioTi. 

In this connexion it is iiiteivsting to note iliat both cuteeliu extract and 
'•'ll 'O-gani bier are h:n;\\u lo vtHUain sugars (ccnninirc ischroeder, Gerberei- 
Uicinio," IbDS, p. dl;>). wlneli, p('rnaps, e\pl.iin.s Kreudeiiiiergs observations 
as regards the opth-al activity of his I'lH'pn rat ions of aca- and gambier- 
catcchin. It iias already been showii, iu llie ease of i.saullinia tannin {this 
vo!.,p. 27), whicJi easily gives gainbior-eaiia liLn, tli.at this tannin is a glueoside, 
and it is therefore quite possible tliat Frondenbci'g's nietbod of purification, 
whicli docs not exelnd(3 lanidns, iniroduees siu li optieally active by-products 
into his catGchiii prcpai'atiuns. To jutlga fioin my experience witli paullinia 
tannin and also from tlio literature, on tlie tnauiifacturo ot eateclm extract 
and ciibe-gatnbior {coinparo ITurvoy, “ Tanning Materials,*' 11121, p, 27) 
lam certain that the cateclims [uvsent in these extracts are mainly raeen)i.sod, 
which is in agreement with jiiy pioNlous observations on tlie optical activity 
of gambier-catcchin {Amialen^, lUi3, 396, Iltd). 
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same solvent are added. The solid formed on standing in diffused 
sunlight crystallises from glacial acetic acid in colourless needlpj^ 
which melt at 191—192^ The product is also soluble in 
and acetone, from which it crystallises in the same manner. % 
melting point of the bro mo -derivative, when crystallii^ed from 
alcohol, is, however, lower and not sharp. An average 
yield was obtained from three different preparations (Found : * 

b=:r>3‘5; H = o'3; Br - 19-0. requires C d3ii; 

H == o'O; Br ^ 18-8 per cent.). 

'l-Hydroxy-'^ : 4 ; b : 3' ; (II1)_ 

Tu'entydive grams of 3-broiiiO'2 -hydroxy-4 : 6 ; 3' : 4'-tetran]e(ii. 
oxy-3-pheiiylchroman (II), dissolved in /OO c.c. of methyl alcohol, 
which has been dried over calcium oxide, are boiled under reflux 
for thirty hours. On cooling, no solid is formed, which indicatts; 
the end of the reaction, since 2-hydroxy-3 : 4 : 6 : 3' : I'-penta- 
rnethoxy-3-phenylchroman is about ten to twelve times more soluble 
in methyl alcohol tlmn the bromo- product. The so(id forraed on 
precipitation with water crystallises from dilute alcohol in prismatic 
needles, which melt at 163— Ui4^ The product is soluble in the 
usual organic solvents. Three different experiments were made, 
all of which gave a theoretical yield [Found : t C == 63'9 ; H = F6: 
OMe ^ 4T4, 41'3. 0i5H90.^{0Me),3 requires C ^ 63*S; H = h4; 
OMe^ 41'2 per cent.]. On digestion with acetic anhydride, the 
morwaceii/l derivative is easily obtain('d. It crystallises from alcohol 
in needles, which melt at 147 — 14(S’ (hound; C = 63 0, H — 64, 
CaaHafiOg requires 0 - 63'2; H - 6-> per cent.). When methyl 
alcohol is replaced by absolute alcoliol, the conespondinj; 

2-hydroxy4 : 6 ; 3' : 4:Uc(ram.€lhox!/ - 3 - f fhory - 3 - phenylckronm _ i> 
formed. ' It crystallises from dilute alcohol in small needles, which 
melt at 168° (Found : : (' 61-7; il - 6B. C,iHo,0; rcqitii- 

0 64-6; H 6'7 per c('nl,). !n this eojiiiCNioti it is ini crest nij; 

to note that Krcmlxs {Dlss.^ Bt'rn, 1903, p. 27)>ccm.s to have found 
difficulty in crystallising trMjnrdjromO'gamliicr-caleehia tetrametbyl 
ether from alcohol. Xliis was [irobably duo to partial climiuatioi) 
of the bn^mino dmdhg the process of crystallisation from alcohol. 
All experience made in tliis iaboi’atory points to the fact tli<d 1 k 
different monobi'onio-derivative.s are best crystallised from glaoa 
acetic acid. 

2-Hydroxy-3 : 4 : 6 ; 3' : 4^}Kmtaii)ethu\y-3-phcny]chr()man,wlic)i 

oxidised with potassium permanganate as described by Berkm (te- 
cib, p. 401) in tlie case of acacatechin tetramethyl ether, gncsa»o 
an acidic and a phenolic disintegration product, both of wbicti arc 

* DrifrI lit lOOo 1- iJnud at lOO'^ iti a vaciunii. t .Dried at • 
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identical with those obtained by Perkin from acacatcchin totramcthyl 
.then this experiment was also repeated by the author. The 
iicidic product isveratric acid (m.p. and mixed m. p. 179^) (Found : 

— ,59-|: H — 5‘7. Calc., C = o9‘4; H = 5'") per cent.). The 
phenolic .substance, a colourless, semi ^crystalline mass, gives, on 
cry.^tallisation from benzene and light petroleum, a very small 
(plantity of product melting at 37°. This is the melting point given 
bv Poliak foi dimelhylphloroglucinol {Momtsh., 1897, 18, 737). 
por further identification the wiiole prodnet left on evaporation of 
tlie benzene and light petroleum is redissolved in ether and methyl- 
ated ^^ith diazomethane. The product left on evaporation of Die 
ether crystallises in long needles from light petroleum, after standing 
over ice for some time. This product melts at 52°, which melting 
is not depressed on admixture with authentic trimethyl- 
pliloroglucinol. There was not enough material for combustion. 

Both 3 ' bronio - 2 - hydroxy-4 : 6 ; 3' : 4'-tctraniethoxy-3-phenyl- 
ehroman (11) and 2-hydroxy-3 : 4 : 6 : 3' : 4'-pentaraethoxy-3- 
pheiiylchroman (III) are ea.siiy converted into acacatechin tetra- 
inethyl ethtT*(I). Kostanecki and Lampe {loc. ci/., p. 4910) have 
already observed a similar transformation in the case of rnonobromo- 
gamhier-catechin tctramethyl ether, from which they recovered 
unchanged gamhier-catechin tetrara ethyl ether. 

To a solution of 5 grants of either substance TI or 111 in 5U c.c. 
of alcohol, 10 c.c. of a 50 jier cent, solution of potassium hydroxide 
and 2() grams of zinc dust are added. The solution is heated on a 
water-bath for three hours, filtered when cold, and uater added to 
(lie filtrate. Tlu' si, lid thus obtained is crystallised several time.s 
from dilute alcohol, fj'orn which it crystal lis(‘s in small, prismatic 
needles, which nu'K at ir)4'k This melting point is not depressed 
(tti admixture with synthetic aeacatc'chin tctramethyl ether. 
Aeaeateclun tctramethyl ether, recovered in tins manner from the 
iiroim (-product, docs not give tlu' Jku’kin coloration (Found: 

06'0; H ^ 6-0. Dale., b.rO ; H - b'3 pm- emit.). 

'l-ChlowA .0:3': VActramQthoxy-'S-phmjjlr.hroman. (L\'). 

Five grams of acacatechin letrainethyl ether, dissolved in 50 c.c. 
of dry benzene, and 15 grams of thionyl c Ido ride are heated on a 
water-bath for three hours and the unchanged thionyl chloride and 
<dso the benzene distilled off in a vacuum. The remaining solid is 
wanned with 2 c.c. of aidiydrous formic acid and dried in a vacuum 
over solid sodium hydroxide fur some time. The product is very 
soluble ill the usual organic solvents, but crystallises in small cubes 
from a mixture of ojie part of benzene and two parts of light 
petroleum. It melts sharply at 116°. The average yield of three 
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preparations is 78 per cent, of the theoretical (Found : * 0 6'>.o 

H = 6*1 ; Cl = 101, 9'9. CiyHaiO^Cl requires C =. G2'6; H ^ 

Cl — 9*8 per cent,). 

4:6:3': i'-Tetramethoxy-S’phenylchroman (V). 

Twelve grams of the chloro-derivative (IV), dissolved in ToOco 
of dry ether (Grignard), and T5 grams of “ activated ” magnesimp 
(Baeyer, Ber., 1905, 38, 2759) are heated on a water-batlq whcntl... 
solution will become deep-red in about forty minute,?, from 
point the solution is heated for another two hours. The .solid Itft 
on distillation of the ether is treated ^vith ice and hydroehloric an,] 
It is then dissolved in alcohol and precipitated ^^itll water, tli'’ 
process being repeated several times. The product then orv^tat 
Uses in small cubes from alcohol, which melt at The snbstaiKc 
is soluble in the usual organic solvents, It may also be C‘iystalli>.t(j 
from dry benzene. The average yield of t^vo preparations is onlv 
67 per cent, of the theoretical ; thi.s is due to the formation of a 
by-product, which is sparingly soluble in alcohol [Found ; t C ~ 6S'B: 
H-=7'l; 3/ (in benzene)''-- 316, 328, 330. requires 

C — 69T ; H — 6’7 per cent. ; 3/ ~ 330]. 

An experiment to reduce the chloro-derivative (I\- ) by Zelinstvs 
method {Ber., 1898, 31, 3205) gave only 15 per cent, of 4 : 6 : :4'- 
tetrametIioxy-3-phenylchroman (m. p. 94°, which wa.s not depressed 
on admixture with the product prepared by Grignard and Tissiers 
method). The main ])roduct obtained by Zelinsky’s method cm- 
tallised from dilute acetic acid in needles wFich melted at 21St 
This substance is probably polymerised 4:0:3': 4'-tetramethoxy- 
3'plienylchroman (Found : C 6S'7 ; H — 0-9. Calc., 0 = fiO'l: 
H — 6-7 per cent.). As already mentioned, a similar by-product 
is also formed by Grignard and Tissicr's method ; the two substances 
can be separated from 4:0:3'’; I'-tetraraethoxy-d-phenylchrcmai) 
by repeated extraction with hot alcohol, in wdiich the polyiiUTisd 
substances are only sparingly soluble. 

^■BromoA : G : 3' ; A 4eirarrid}ioxrjA-p}iemjlc}irovwn (\1). 

Ten grams of 4:0:3': 4'-teiramethoxy-3-phonyl(du’t)iiian (A'' 
dissolved in 25 c.c. of glacial acetic acid, are treated with 4‘-> 
of bromine in 10 c.c. of the same solvent. The solid obtaiurd <i]i 
allowing the solution to remain in an open di.sh for soffic tiiuc 
crystallises from dilute acetic acid in small needles, which melt 'dili 
decomposition at 147—149" (Found: 13r — 2U'l, 


* Dried in a vacuum oVer pa rail in. 
t Dried iji a vacuum over phosphoric oxide. 
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requires Br = 19 ‘5 per cent,). On boiling the alcoholic solution of 
the substance (2 grams) with alkali (5 c.c. of 50 per cent, sodium 
liydroxide) and zinc dust {5 grams), 4:6:3': 4'-tetramethoxy-3. 
jjiienylchroman (V) is produced (m. p. and mixed m. p. 94°) {bound : 
(• 69-1 ; H - 6'9. Calc., C ^ 68 ‘ 8 ; H 7*1 per cent.). 

3 : 4 : () : 3' : -Pentamdhoxy-^-phmyklirormn (VII). 

Ten grams of the bromo-derivative (VI) are treated with dry 
methyl alcohol in exactly the same manner as 3-bromO‘2-hydroxy, 
t : U : 3' : 4'-tetramethoxy-3-phenylchromari (II). The resulting 
3 : 4 : 6 : 3' : 4'-pentaiiiethoxy-3-phcnylchroman (VTI) crystallises 
froiii alcohol in star-shaped needles, which melt at 127°. A theor- 
ctii’Eil yield is obtained (Found : * C 6 G' 3 ; H = 6 - 9 . 0 

re(|uire.s C — 60' 7 ; H ^ 6'7 per cent.). 

2-(,'/doro-3 : 4 : 6 : 3 : ^’-pcntarmlhoxy-^^phtnylchroman (VIII). 

'IVii grams of 2-hydroxy-3 : 4 ; 6 : 3' : 4'-pentamethoxy-3-phenyl- 
e!i roman (III), dissolved m 50 c.c. of dry benzene, and 30 ^rams of 
thionyl cliloridc arc luxated on a water- bath for three hours and 
suhsequently treated in the manner previously described for the 
lireparatiuiiof 2-ehloro-4 : 6 : 3' : 4'-tetramethoxy-3-phenylchroma.n 

(1\). Ihe product crystal Uses from dry benzene; in long, pointed 
needles, wliich melt sliarply at 97°. The yield is 74 per cent, of the 
liuweticul (Found : Cl 8 ' 8 , 8'5. (A 0 H 23 O-CI requires Cl 8'6 
P'cr cent.). 

This rddoro-derivativc (3 grams dissolved in 250 c.c. of dry ether) 
IS readily reduced to 3 : 4 : 6 : 3' : 4'-peutamotlio\y-3-phenylchroman 
(\[l) with the aid of 0'7 gram of ‘Aietivat(‘d ” magnesium, the 
pnx'edurc being tlio same as previously described. Both its melting 
point and mixed melting point are at 127° (Found: C = () 6 - 4 '- 
K — 7’0. (Ale., C — 60*7 ; H = 6'7 per cent.). 

InconeliLsion, the autljor wishes to thank .Mr. T. V. Barker, M.A., 
for tlic trouble lie Ims taken in preparing his crysiallographical 
report, and the Research Fund Committee of tlie Chemical Society 
tor a grant, wliich has covered the expenses of this research. 

* Dried at lULl'i 

Till: IJ.MveusiTi-, Riusror,. JtmmI, lUii.] 
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liXXL — The Molecular Configurations of 

Aromatic Com^pounds, Part L The Besohiion ]^^ 
7-6: 6'-I^mYro- and i\%A'\%'-Tetranitro-(]i^}^^,^^^ 
Acids into Optically Active Components. 

By George Hallatt (-HRifiTiE and James Kenner 

It has usually been considered that the benzene nuclei of the t\v( 
phenyl residues contained in diphenyl and its derivatives are 
coplanar. It was suggested, however, by Kaiitler {Anmtkn hiir 
351 , lol ; Ber., 1907, 40 , 3250, 3253) that, on the contrary t|.' 
two nuclei are situated in two parallel planes. The evideiif;. iu 
favour of this view (Kautier, Joe. cit . ; Gain and Miekletliwait T 
11114, 105 , 1437; compare Turner, 4\, 1015, 107 , 1405) rosltdon 
the formation of cyclic compounds from benzidine analo^ou^ r, 
those obtainable from o-diamincs. It has been pointed out hw- 
ever, that even if this evidence be accepted at its face value, the 
only inference strictly permissible from it is that the Kaufler foriiiiila 
represents a conliguration vhich di}Jienyl may assume under ceriiiin 
conditions, but is not necessarily its normal one (Kenner luiil 
Mathews, T., 1914, 105 , 2473). It is therefore evident that a re;i: 
decision in regard to the accuracy of Kaufier‘s formula is not toW 
attained in this way. 

A more definite contribution to the question has, however, Ijecoiiie 
possible since the discovery of a y-form of 6 : fi'-dinitrodipheiiic 
acid (Kenner and Stubbings, T., 1921, 119 , 593), distinct from till' 
,3-acid already known. A discussion of the react lon.s of these nve- 
compounds led to the conclusion that the former re])rcs('n(('d a 
trans- ([), the latter a ces'-compound (II) : 

XO, NO, NO., 

\ X'x "•> \ 

”coji mil 

A consideration of these formuhe from the stereochemical puint (i 
view shows that, on tfie basis of the plane formula for diphenyl, 
the chs’-form possesses a plane of sy-mimlry, whilst the /mn.<-fonii 
has a centre of symmetry, and tliat thm’cfore neither form shmilil 
be re.soIvHble into optically active components. On tlie other hand, 
the Kaufler formulae (or any similar ones, in whicdi (he plane!' d 
the two benzene nuclei are not parallel, but equally inclined to a 
third plane) suggest that, whilst the m-conijioufid (111) again 
possesses a plane of symimdry, the /m«.^-form (H') is not super- 
imposable on its mirror image, and should therefore be capable uf 
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resolution. Another possibility and one at first sight perhaps 
more acceptable from the point of view of strain on the carbon 


NO., 

<z> 


C'O.H 

NO., 


<z> 


( 111 .) 


NO, 




<z> 

CO.H 

COgH 

<Z> 

COJI 

0--<NZ> 
CO,H 2 

CO,H 

NO, 

c:z> 

CO^H 

NO, 




(IV.) 

(V.) 

(VI.) 



ftloiiis by which the Uvo nuclei are unit(Ml— is that tlie two benzene 
nuclei possess a common axis, but do not lie in the same plane, 
hi thus ease, it mil be seen that both forms of the acid (V and VI) 
should I)e resolvable. The limiting case of this kind, in which the 
planes of the two nuclei are at right angles, is at once excluded, 
since it allows tlie exisUmee of only one form of 6 : (>'-iiinitrodiphenic 
acid. There is a fourtli possibility, representing a combination of 
the two preceding ones, that the plane, s of the two benzene nuclei 
possess neither an axis nor a plane of .symmetry. Quite apart 
from the increased isomeri.sm demanded l)y this arrangement, it 
^eciii.s inherently improbable that the diphenyl syst(an should not 
pos.soss any element of .symmetry, and therefore attention may for 
die present be concentrated on the simpler eoii(u.‘ptions. 

It has now been shown that y-C : 6'-dinitrodi])henic acid furni.shes 
:\vo brucine salts, of which approximately equal quantities were 
,eparated by fractional crystallisation.* T1 k> two salts are di.stinct 
n regard to their solubilities, crystalline forms, degrees of liydration, 
■uelting points, and lotatory power. It was to be anticipated that 
he usual methods for the liberation of optically active acid.s from 
-heir brucine salts would not be very eflieient in the case of the 
;|)aringiy soluble salts of such a strong acid as dinitrodiphenic acid. 
Ivvperiment showed that the yields of the active acids obtainable, 
n this way are poor, and this, together with the fact.s that they 
U'e appreciably more soluble in water than the inactive racemic 
u.'td, and exhibit a distinct tendency to racemisadon, has prevented 
he attaimuent oi constant values of tlieir rotatory power. Never- 
heless, those so far observed ([xjf; -f i>2:r for tiie acid from the 

♦ The possibiliiy of ro.solving either tlie (i- or the y-a.'id luis also been 
tuerifid by Thorpe in a review of the Late Dr-. Cairf.s work (Dtritnary Notiee, 
1921, 119, 530 ), Further, since the present paper u as i-eud before tlie 
society, T)r. H. King lias directed our attentiun to liis paper on “ 'Hie Po.ssi- 
u itj of a New Instance of Optical Activity without an Asynimetrk; C'arbon 
tom (P., 1914, 30, 250), in which it is pointed out that if the Kaufler 
ormu a holds, 3:5-, but not 3 ; li'-dinitrobenzidiue should be re,solvable. 

le appearance of the paper at a time wlien t was out of touch with chemical 
A mture, aud the absence of any reference in the title to diphenyl had 

caused us to overlook it. ^.K. - 
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less soluble salt, and - 169‘7° for that from tho more soluble ^^ 1 ,. 
are such as leave no doubt as to their ucti^•ily. The luelt;,.’. 
points, 230—231" and 230—238", respectively, also distinguigb 
from the racemic acid, Mhioh melts at 203", 

Further, 4:0:4': 6'-tetranitrodiphcnic acid (VII) has heca p-i. 

_N(). 

XOo( ^ (VII.) 

'vOoH ‘To, 

pared by the nitration of 4:4'-, and of and y-0 ; G'-dinitrocliplit.ji, 
acids separatehy. In each ease, the nitration product itself, and 
its methyl and ethyl esters, wevo found to be identical wiii; 
those syiithetically obtained from 2-chloro-3 : O-dinitrobenzoic acid 
(Ullmaiin and Kngi, Annakn, 1009, 366, 79). From this add al>M. 
two brucine salts, distinct in the same respects as those demd 
from racemic y-6 : (l-dinitrodipncnic acid, vero obtained. Since j; 
seemed probable that evoti greater difficulty than in the on sc of th 
dinitrodiphenie acids would bo eiieonntered in preparing the aiLv,;- 
tetranitrodiphenic acids from thenr salts, it vas decided to attciijpi 
a direct resolution by treatment of the racemic acid with half tb 
quantity of brucine nccc'ssary for eompletc neutralisation (coiupaiv 
Pope and Peachey, T., 1899, 75, lOOb). By this imviii>. tlic ach 

corresponding with the mon' soluble^ hi iicine salt was isolated aiii; 
found to have [xj!: 19'28\ Probably, in this ease also, racciiid 

ation. occurred, but it v ill bo noticed tliat tlie. sign ()f the iotati!i?. 
agrees with that of the form of y-dinitrodiphenie acid divindfiui. 
the more soluble brucine salt. Horn again, the active caids 
appreciably more' soluble than tlu' imu'tive form, and its iDoiiiiii 
point is lower. 

Whilst, therefore, further work may somewhat modify the actnc 
values (quoted for the rotation cmistants. the fact of the resoivahilr.v 
of the two acids is completely denionstratcd, and it would wriiit. 
follow that their molecular structure is such tliat the two b« 
nuclei are not eoplanar. An examinutioM of fi-b : O'-dinitmcbplii'™^’ 
acid will enable a decision to be readied between the two iiiov 
probable alternatives which satisfy this condition.^ It may b 
.stated, however, that 4 : 1'-dinitrodijihenie aciil funiisbes only oiu' 
brucine salt, a fact ^vllieiJ .suggests that tho Kaufler type of foniam 
Is more probable than the one in which two benzi'iie niu Ici |)o...c.- 

a common axis. . . 

Some of the isomeric dipbi'iiyl comjioiinds examined by * ■ 
may also prove to be capable of resolution, and a number o ot n 
diphenic acids are in course of examination in this laboratory, 
win also be germane to the prc.sent work to ascertain whe cr 
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absence of free rotation of the two benzene nuclei in the diphenyl 
derivatives above discussed is reproduced in derivatives of diphenyl- 
iiu'thane and -ethane, since these arc ordinarily represented by 
f,)i’!Uii];e very ^^imilar to the Kautier diphenyl formula. Tt will also 
1„. recalled that Kautier suggested that the two benzene nuclei in 
naplitlialene are not coplanar. A consideration of model formulsc 
of this type shows that, on this basis, a large number of naphthalene 
derivatives should be capable of resolution into optically active 
it is therefore hoiDcd to obtain a decision in thi.s direction 

a he. 

E X r £ ii I E X T A r., 

Rrsolution of y-6 : Q'-Dinilrodqiken.ic Acid. 

To a boiling aqueous .solution of the acid (6 grams), ihiely ground 
aiihydrou.s brucine (U-25 grams) was gradually added, the solution 
being diluted, as required, to 37o(l c.c. to jjjaintain the salts in 
Mihitioti a.s they were produced. On cooling, a uniform cry.stal- 
lisatioii of the less soluble salt was obtained in four-sided plates. 
At a later stage, wIkui the total bulk had been reduced to 1275 c.c., 
radiate clusters of jilatc.s ap]>oared on cooling the solution, and a 
farther .small quantity wa.s obtairu'd af(('r concentration to 990 c.c. 
Yet tnore of the salt, loss pure, was obtained b}' further evaporation. 
After purilication by repeated crystallisation, an average yield of 
S'.l grams of the less soluble, and 6 grains of the more soluble, salt 
was obtained. 

Brucine d-y-6 : iy'-dinifrodiphenafe, 

Ci2He(XO,),(CO,H),,20,3H,,O,X,,8tH,O, 
the less soluble of the above salts, melts and decomposes at 261'' : 
fnr the anhydrous salt, -- -j- 61 ■2'' in 1-68 per cent, chloroform 
solution. Eor a second specimen, obtained from a different samjile 
of hrueiiie and another preparation of the acid, [ajj, -- + 60-42° in 
- 00 [ler cent, chloroform solution. One jiart dt.s.solve.s in approxi- 
mately 375 c.c, of boiling water, and in 3750 c.c. at the ordinary 
temperature. Analy.ses were made both of the hydrated salt 
(Found: K- 6-87; 11,^- 11-90. requires 

X- 6-60; H^O — 12-00 per cent.) and of the anhydrous com- 
IJound, dried at 120° (Eound : C -= 04-21 ; K ^ 5-60; X -= I'll. 
^nio^eo^ioXe requires 0 — 04*28; H -- 5'36; X ~ 7*5 per cent.). 

h-y-6 : iS'-Dimirodiphenic Acid, Ci.Hy(XCh)^(C0.2H)2,— To a solu- 
tion of the brucine salt {3*15 grams) in water (1200 c.c.), which had 
been cooled until, at 45°, cry.stallisation had just .set in, excess of 
dilute sulphuric acid (2A, 100 c.c.) was added. The cold solution 
'^a-, repeatedly extracted with etlier, and the. ethereal extract washed 
liisi ■with dilute sulphuric acid until the wa.shings gave no coloration 
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when tested with nitric acid, and finally with water. Tlio acj(i 
obtained by evaporation of the ethereal solution, after tho 
had been dried over anhydrous sodium sulphate, u’as 
purified by solution in 375-aniinonia (SO c.c.), and repreciphatir^u 
with dilute sulphuric acid. The product thus obtained ((1-27 
melted at -JSO- ^Sr (as (xmipared with 263° for the 
point of the inactive acid), and had an equivalent of 
[( 7 ,H(.(X()J 2 ((XXH), iv(iuires KiO], hor a r82 per cent. s(ihiti,,ri 
of the .sodium salt, |a]u — + 22.VSh 
liriiclnc l-y-6 ; iS'~(Iuuffodij)ht)i.(itf\ 

melts and decouijKt.ses at 207 — 2()S'’; for the ardjydi’oiis .s^jt 
^ _ 4;p()7° ill Idd per cent, (hloroform solution. K,„. 
entirely ditferent sample, [a|„ -- - 42'98° in Idb per cent, ebb,, 
form solution. Oiu' part dissolvi's in approximately !):> ('.c. „f 
boiling water. Analyses were made both of tlie hydnUrd sJi 
(Found : N — 7' 15; H^O ~ 6-04. requbv:, 

N -- 7-05; Hd> -- h'll pc'r cent.) and of the anhydrous Jiiateml, 
after drying at 1-6° (Found ; X — /’-I:, h^uHpQOjgXg rerpiiro 
N — 7 ‘5 per cent.). 

l-y-6 : &-Dinitrodiphenic Acid, Ci2H6(X02)o(C02H)2.~-Thegreiint 
solubility of the brucine salt of this acid suggested that a better 
vieid of the acid might he obtainable by the addition of A'/o-ammemia 
solution (25 c.c.) to a solution of the salt (2'61 grams) in waro 
(250 c.c,). In this manner, a quantity of hydrated brucine (m. p. 
100—1037 and again at 176°) was precipitated, and the f-acid 
(0-36 gram) was obtained from the resulting solution by suh^equent 
operations similar to those described for the d-acid. Thus obtamod, 
it melted at 230-^-2387 and liad an equivalent of 16117: 

_ 169' 7' for a 0‘09 per cent, solution of the sodium salt. 
After being kept for some time, and then recrystallised from wato. 
the acid, 4ich formed diamond-shaped plates, melted over a ran^e 
of 230—2487 its equivalent weight was 101'4, and a Mfi percent, 
solution of the sodium salt showed [a]^ — 120 8 . CleaiW, theu 
fore, partial racemisation of the acid had occurred, and this probably 
also accounts for the discrepancies in melting point and rotatoiy 
power between the freshly isolated d- and /-acids. 


4:6:4': iy^Tef remit rod ipkcnic Acid. 

This acid was originally ])r(']iared l>y Ullmanii and ' 

bv the action of copper ]>owder on methyl 2-ehlQro-a . u-i.ini-' > 
benzoate, followed hy hydrolysis of the resulting methyl tetrana - 
diphenatc with SO per cent, sulpliuric acid. 1 he latter . 
is, however, macli more satisfactorily carried out l>y tlic ai. 
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per r:ent- acid (45 parts), when a product , m. p. (decomp.), 

is obtained [Ullmann and Engi give 284 (decomp.)]. These workers 
also appear to have overlooked the fact that the ester separates 
from hydrocarbon solvents in combination with them. 

The same acid resulted when either ft- or y-6 : 6'- or 4 : 4'.dinitro- 
(liphciiit' acid (2 grams) was heated for fifteen hours at 1(K)° with 
nitric acid {d Iml ; 10 grams) and sulphuric acid (12 grams). The 
(Tvstalline deposits wore in each eas(‘ filtered from the hot solutions 
purified by recfysfallisation from hot water, and tlius obtained in 
tin plates, m. p.^ 288— 289^ Tlie products derived from eaeJi of 
[hv four scuirces indicated were id(‘ntical, as were also the metljyl 
and ethyl esters prepared from the silver .salts, 

tdhifl 4 : () : 4' : CiJl4(Xt.)J4(( X)„Ef).„ si^pa- 

latcs from benzene in colourless, ahuost s{(uare, rectangii]ar*'plates, 
in. p. lOir with evolution of luaizene and n'solidification, refusicai 
(icciuTing at 125^. This is also the melting jioint of the colourhw, 
ciongiitcH, hexagonal plates obtained by crystallisation of the ester 
from ethyl alcohol (Found: N 121.' reqmies 

X ll'Tl per cent.). 

Similarly, the methyl ester sepanites from benzene in small, pale 
yellow juMsm.s, wdiicli iirst melt at 148°, and from xylene in large, 
yellow prisms, m. p. 152°. but in colourless needles, m. p. 169°, from 
methyl alcohol. The melting point, 176", quoted by Ullmann and 
Engi could not be realised. 

The Brucine. SalU o/ 4 : 6 : 4' : Q'-Tetranitrodiphenic Acid. 

When a solution of brucine {11*25 grams) in water was added to 
a hot solution of the acid (6 grams), a dark red colour was fir.st 
produced, wliich quickly disappeared. The ]ireeipitated mixture of 
hrueme .salts was then repeatedly extracted with boiling water 
until the e.xtracts no longer deposited slender, yellow needles of the 
niore .soluble salt ; these were purified by repeated crystallisation 
fmm water. The residue consisted of the practically pure less 
soluble salt. In this manner, 8 4 grams of the less soluble’ and 

grams of the more soluble, salt were obtained in a state of 
purity. 

lirucine d-4 : 6 : 4' : (yd.etm-mt}vdi 2 )hena(p.^ 

lc>f, soluble of the tw*o salts, formed yellow, five-sided plates, 
('^^'comp,), One part ri issolved in ap])roximately 3500 c.e. 

toi mg water, and the salt was sparingly soluble in the ordinary 
organic solvents, but easily soluble in acetic acid. Tor a 1 pm- 
un. suution m 10'4 .V-acetie add, [4, - - 22'17'’ (Found: 

- 0 14. requires A" -= 9*25 per eiuit.). 
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Brucine 1-4 : 6 : 4' ; Q' 4etranitrodiphemte, 

GiA(N02)4(C02H)2,2C23H2o04N2,2iH20. 

m. p. 196—1 97 (decomp.), dissolves in approximately loOO c.c of 
boiling water, and for a 1 per cent, solution in 10'4 iV-acetii^ 
[a] 3 ==- 39-37“ {Found; H^O - 7-05. 
quires H.p ~ ()'92 per cent. Found : for the anhydrous sfaft 
N = 9-14. CgyH 5 ^ 020 X 3 requires N = 9*25 per cent.). 

?-4 : 6 : 4' : i)' -Tetranitrodiphenic Acid. 

A boiliog solution of the racemic acid (2*74 grams) in 
(4500 o.e.) was gradually treated with brucine (2-5C grams], and 
linally lillered from precipitated brucine d-4 : G : 4' : G'-tetranitro- 
diplicnate [O'l gram, m. p. 252“ (decomp.)]. More of the same salt 
[I'G gram, m. p. 244 -245® (dccomp.)] separated on cooling. Bv 
concentration lo 1000 c.c., a mixture of salts [1'7 gram, m. p 
195 — 196“ (deconip.)J was obtained. Similar material [0-25 gmiLC 
m. p. 196° (decomp.)] was obtained by furlhcr eonccutration tf. 
300 c.c. On evaporation to 120 c.c., a separation of acid was 
obtained, wliicli wa.s vashed with dilute sulphuric atdd until ih 
washings gave no coloration with nitric acid, and sidtsctjunitlv 
with water. The material thus obtained (0-2 gram) melted at 
2S1 — 282°, and had an equivalent of 210-3 Lt'i 2 l^}(XO 2 ) 4 tC 0 .,II. 
requires equivalent = 211 ]. I'or the 1 per cent, soluliem of tb 
sodium salt, obtained from tliis determination, [a]^ — - 192v. 
but after some days the rotatory power was zero, In view of tiu' 
observation, and those made \vith ^y-G : 0 '-dinit rodiphenic and. 
it seems very probable that partial racemisation may have oceuiTtti 
during the operations leading to the isolation of the active acid in 
the present case. 

One of us (G. H. 0.) has pleasure in expressing his gratdF 
acknowledgment of a grant from the Department of Scientilic anti 
industrial Research, which has enabled him to i)ailieipate in (lih 
work. 

The UxivEBsiTV, ’ 

Sheffield. [lieceived, Feljntai</ ‘lilh, I'J--' 



STUDIES OF THE CONSTITUTIOX OF SOAP SOLUTIO'S'S G21 


of the Co7istitution of Soap Solutions. 
Solutions of Sodmm Pahnitate, and the Efject of 
Excess of Palmitic Acid or Sodium Hi/droxide.'^ 

[]y .rofi'S WiLLiA-M ^McBaix, lyrif.LicixNT Tavlor, and Maru 
EVE fA'X Laixo. 

Both the nature and extent of hydrolysis of soap solutions have 
Iniiii })een in dispute. In ]jrevious coniinunk-ations it has been 
sliown by several methods that the actual iiydi-olysis is only slitdit 
uliiist the data in the present paper indicate that an aeid 'soa]), of 
fairly dedinite eojnposition, is produced. 

It will bo shown that on the addition of palmitic acid to solutions 
(ff sodiutn palmitate at both conductivity ajid osmotic activity 
iicai-ly disap/pear v'hcn one e(|uivalent of acid i.s present to two 
Ojiiivalonts of ])alniitatc, corresponding with the formation of an 
insuluhle, colloidal acid soap i' of this composition, It therefore 
fellows tliat in all but the most dilute .soap solutions the e(iuation 
uf hydrolysis must be ^\•T•itten : 

3XaP + H,0 - IIP,2\aP -r XaOlI. . . . (],) 

A method ha.s i)een developed for ascertaining within narrou’ 
limits the concentrations of the varioirs constituents of soap solu- 
tions hy utilising the data of tlie measurements of conductivity 
and osmotic pressure. Other mcasur'ements recordc^d in this paper 
alioi'd data towards vhc solution of the ditticult pirubleni as to the 
cficcl.s of added elcctrolyte.s on tlie constitution and i)ro[)ertics of 
s{)a]i solutions. 

tkimiy of doluilou.^. 

Ihioughout this work the ])urcst materials (Kahlbaum) were 
used^ ;md the methods were the most accurate which have been 

^ * ikr., PdO, 43, Z. jihjifi'd'al. Chew., l!Ul, 76. 2: 'W. 1012. 101. 
1^1*42; Trrnis. Farudfo/ So<\, 10)3, 9, 0'}; Kolh;,! Z.. ll)|;}, 12, 25G; T.^ 
I!tl4, 105. J. Soc. Chew. Iwl, mS. 37- 24i)T; /Voo. 7%. Xw., \xiiK 
,1;. 9/. 44; ,/. Awer. Chtiji. S(><\, 1920, 42. 420; T, 1919 115 r>79- 
H'2n, 117, -jIJo. ' 

T Hi-vnal invest igator-s liavo ivoontlv luul ditUcnlty in uncirr.smHding ^vhat 
1^ (oinnionly referred to liy most authors as arid soaji (for insfaneo, M. H. 

Tl ( ** '■ ^ ruteins, 1921, p, 1 10), since tlie acid is only monohasie. 

i'- and soaps ure fonmilaled in analogy with 1he well-known crystalline 
' ^ dljth iind ('.dl^Odv 2C\M,jO^,. Evidence of the 

I, •nr.'.'sT. *^*1 ■^'’‘d.vsis of sediments or 

ii'v •'' ^ as in tlie restilts of .such phaso-nilc 

fill- n .Donnaii und t\hi1e and tlie evidenco submitted in 

piesent paper. 

VOL. eXXT, 
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devised in this laboratory. Although no new difficulties 
encountered in the alkaline and less acid solutions, strong soluiVjj^^ 
of the acid soap corresponding with HP,2iSiaP constituted 
masses, which retained air bubbles most tenaciously and 
very readily. Both time and trouble were devoted to ensuripv 
that the results, although not veiy accurate, were yet esscntialh 
trustworthy. 

The pyknometer employed was that described by Coniidi ‘P. 
results being reproducible to four signiheant figures {Z. physH/'i 
Chan,, 1911, 76, 210). In the case of all the extreme acid soap< 
the pyknometer was filled at 90°, cooled to break air bubbles, aid 
filled up again four or five times until no further increase iu wepp 
could he obtained. In every case the density of solutions contair. 
ing acid soap is less than that of water, although a sediment of this 
material is denser than water. The same remarkable result liad 
already been obtained in the case of neutral soap solutions. 

Conductivity, 

These measurements were carried out and corrected in the same 
careful manner as the previous conductivity measureraents [I 
pkysikal Chan., 1911, 76, 179). In the special case of the OhV- 
solution of HP,2XaP, which consisted of large lumps of tmmsparem 
jelly containing air spaces, it was considered better to use the low 
density value observed for the calculation of the molecular eondiu'- 
tivity rather than to em])loy the undoubtedly more accurate value 
which could be obtained by extrajtolation. Throughout this paper 
concentrations are expressed in weight noiauality, being gram- 
equivalents per 1000 grams of water. 

Table I. 

Conductivity at 90'00° of Solutions of Sodium Palmitate am- 
taining 2o per cent . or 50 per cent . excess of Palmitic Acid. 


Xa. 

\\V. 


l)f. 

fi. 

Mean 

0-400.V 

O-.jOOY 

0-01406 

0-0626 

44-3 

44-0 

,, 

„ 

0-0 U74 

,, 

43-6 

0-2()LV 

0-2') l.V 

0-OOSS4S 

0-0634 

48-!) 

51-0 

,, 

„ 

0-0107 

,, 

59-2 


0-400.V 

O'GOU.V 

0-002.=)() * 

0-8634 

S-S5 

S-S'i 

0-200.Y 

U-300Y 

0-00183 ^ 

0-0610 

10-3 




0-()()2O,7 


11-6 

127 

,, 

o-mx 

0-002 SO * 

,, 

16-2 


O-IOLV 

0-i53.V 

0-002.'.l * 

0-9638 

20-9 

23-4 


0-l.y2Y 

U- 002 24 * 


24-0 


* Mean s[)cc*i 

fie eonduetis. 

ity : 0-00235 




Note. — The.^e 

colloidal Kois 

of Hih2XaP 

were not fully homogeneous. 
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Xlie conductivities of solutions of sodium palrnitatc containing 
excess of palmitic acid or of sodium hydroxide arc collected in 
Tabic II, ^vhich thus pi'esents the whole range of molar conductivity 
from acid sodium palmitate to pure sodium hydroxide. The 
molar conductivity fx given in the third colunm is based on the 
total concentration of the sodium in the solution. Values are given 
in tlie fourth column for which is taken, in accoulance’witli 
previous papers, as 550 for sodium liydroxide, 229 for sodium 
palmitate and for NaHPg, whilst fur intermediate mixtures it is 
inierpolated in the manner explained below. The lifth column 
contains the apparent degree of dissociation, (lie 

^ixth the total concentration of sodium ions deduced by multiply, 
iiig the total concentration of sodium by a. In the ease of the 
acid sodium salts, even where the specific conductivity i.s indepe]i- 
deiit of the concentration, the molar conduct] \’ity is arbitrarily 
taken as the specific conductivity multiplied by the total volume 
of tlie mixture; and no corrections have been applied to the values 
in these special eases. 

Table II. 

Conductivity and Apparent Ionisation of Solutions at 90° con- 


taining \ arious Proportions of Palmitic Acid and Sodium 

Hydroxide 

Cone, ot 

Cone. 




Cone, of 

Xiil*. 

excess. 

P- 


a per cent. 

Xa-. 

lO.V 

I'O.V-XaOH 

I7G 

440-5 

40-0 

o-soo 

o-s.v 

0-8X-HP 

1-3 

229 

0-0 

0-004 

04.V 

0-EV-HP 

2-5 


J-I 

0-004 

M 

0-:2.V-HP 

S'9 


3-9 

0-0 1(J 

„ 

0-LV-HP 

44-0 


IS-O 

0-072 


0-4X-XaOH 

2m 

4 4 mi 

51-50 

(.MI3 

II-2.V 

0-2X-HP 

o-O 

229 

220 

0-004 


0-LV-]!P 

12-7 


5-0 

0-010 

,, 

O'OoX-HP 

54-1 


23-5 

(1-044 


0-2X-Xa()lI 

24;) 

■152'9 

54-11 

0-210 


O’OX-XaOIC 

317 

335 

02-37 

0-.501 

0-LV 

0-LV4LP 

10 

229 

4-4 

0-004 


O-OoA-HP 

2.5 -4 


IM 

0-0 U) 

)< 

O-LV-XaOlt 

258 

45 (i- 3 

50-54 

0-H3 


0-3X.XaOH 

340 

4ol-2 

75*30 

O-30I 


Osmolic Aefivify* 

'ihe osmotic behaviour of the soap solutions containing excess 
(n n dioxide or of acid was studied by dot eni lining the lovrering 
cf vapour pressure or rise of boiling point by means of the dew- 
poiiit ^method already described {Proc. Boy. Soc., 1920, [A], 
. J. Amer. Cheni. Poc:, 1920, 42, 428), which is the 
* iHxperirncnts by M. E, L. 

z 2 
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only known method ^\■hiell is apjdicable to some of the casf 
here invest igati'd. It is aecurate, as here a])plied, to ()-(|j- 
possesses the groat advantage that its accuraey is quite indep-t^ig.. 
of the ])hysical state of the material undergoing invesiiga^i,,j.' 
whetlier this is a solid, a licjuid, or a p;\ste. Tlie dew-point lo^voC 
is proj)ortioiial to the eonoeiitration of erystalloidal matter pi'esi;,r,j' 
and at 00^ it amounts to (>‘48^1" for J 'O.V-crystalloid. 

Tlie results are eoJkx’tcd in Table 111. The next to the 
column gives total eoneentrations of crystalloid, -wliieh inolud,., 
sodium ion, hydroxyl ion if any, sim])]e ]>almitate ion, and dmpV 
imdissoeiated sodium hydroxide. Tlu^ la.st column is aii it^Iif.) 
tion of tlie degree of osmotic activity, vau't Hoff's i \alue bcinrr 
the ratio of the o.-'inotic activity actually exhil)ited to tliat jirt,. 
<licted for any eiTstalloid, such as ui'ca, in a solution of the shiih- 
eoneent ration as tfie total amount of sodium present. 


Table 111. 


Hew-point L(A^■eF■ing and 

Osmotic 

Acti\'ity of 

Sohuiojis 

90“ containing 
Palmitic Acid. 

\'arious Proportion.s 

of Sodium 

Hydroxide 

Com*, of 

Cone. 

Dew-[j(. 

Coiic. of 

Vanx. Hoff 

XalL 

excess. 


erv.stalloid. 

i value. 

1 -oo.v 

OiLLV-XaOH 

(1-42" 

0-87X 

0'7(l 


O-.VuA'-XuOil 

()■ ,■■)!) 

1'22A' 

u-sl 


1-omV-XaOH 



U'Od 

USn.V 

o-smV-Jip 

O'Ul 

0'02A- 

(l•02 

0-4tiX 

o-4oy-m> 

(SOU 

O' oi ly 

0-uu 



(i-un.'i 

(I'OIA^ 

0-(t2 


oloA'-tU^ 

(1 12 

0-2:;A' 

Oij;] 


(^4uA-^'a()j^ 

044 

O'OLV 

144 


l-iloX-XaOll 

O’ 7(1 

I'(i4.V 

147 


u^nA'-HP 

O-Ul 

0 ()2A' 

(I'KI 


(|■||».V.H V 

0-()U,t 

O'OIX 

(.t'(n 


O-O.uV-lIP 

n-00 

0'i2.V 

0'(i() 


(l■2llA'-.Na()ll 

()■24 

0'a(LV 

1-2.} 


unoX-XaGH 

()-.3I 

l-OSA' 

1 :g 


imoA'-NaOH 

O' SO 

I-OOX 

148 

Olo.V 

0-l(iA'-Hi> 

U'OO 

O' 00 A’ 

O'UO 


O-O.jAXHP 

U'ltO.'i 

(J'OLV 

(MO 

0'(.i4.V 

U-o4A'-ili’ 

O' 00 

O'OOA' 

U'OO 


Gf iirrul Ti'riul of th( fiV, >•»//,>* and Xalurc of ihe Produciu/j 
II i/di'olij.si.'i of Soap. 

The conductivity of a solution of sodium liydioxide. lo wliidi 
increasing amount. s of ])almitic acid are added, diminislies alirc^t 
linearly with such additiojis unlj] the (‘(mi])osii ion, sodium palmiiaif 
(XaP), is attained. At liiLs ])oiiit there is a break, and with inerra.^- 
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ing t'xeess of palmitic acid the crmductivity again falls linearly 
until a very low value is attained at the composition 2^’al.^HP. 
Yroiw this point onwards the further decrease of eoudneti\’itv i.s 
relatively unimportant. 

Similarly, in Fig. 1, the values given in Table Tl for the eon- 
(•('ntratiori of sodium ion are plotted against ij^.ereasing amounhs of 
palmitic acid added to sodium liydmxide. IJert' again, the eoiv 
centration of sodium ion is seen to hdl steadily until tlie c:oinf)ositin]i 
X;iP is reached, then further, to a value of ahont OKlV at tiie com- 


Fig. 1. 


Etfiri of addition of pahnific acid on dm:- point hnnrinct and ('O)^c(}dntlioii of 
.^odinm ion in soUdions cotdaininfj O'tN- or 0'2X- contrnt of total sodium. ^ 
{Broken lines represod point hire, ini/.] 



position 2Xa(\HP, and thence to 0'00-FV at the eomoosition 
XaP,HP. 

^ rhe la.s( two values are iudejjeudent (d the ahsolute concent ra- 
tii^n of tile solution and ([('jicnd only on the ratio of sodium and 
]>alnhti(^ acid. Ihis would he the liehavioiir exjieeted in the (aisi' 
of a sliglitly soluble solid (jf a composition JXhiP.llP, tlie limiting 
oieinlK'r of a serif's of s(tlid solutions ranging in eomiif^sition from 
-^’aPdJP to XaP,HP or beyond. 

In hg. 1 the dew-point lowering as shown in Table ill is also 
lilotted on Use same co-ordinates, These osmotic data are very 
^liinlar to the conductivity results just (h'setibed. The concen- 
tration of crystalloid present falls steadily as the sodium hydroxide 
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is converted to sodium palmitatc; crystalloidal matter has %•. 
disappeared from solution when the composition, acid scat 
2XaP,HP, is attained. This again shows that solids of composjfjrl' 
hetweeii 2NaP,HP and Xar,HP arc only slightly soluble. 

It is evident that a relatively insoluble “ acid soap ” of approe 
mate composition 2XaPJIP, whether a solid solution or not j', 
be regarded as the product of liydrolysis in soap solutions ut W 
(equation 1). 

Previous commimications have established that such prody,!, 
must be acid soap and not free fatty acid, since palmitic acid j. 
not much weaker than acetic acid, and free acid cannot exist r 
appreciable amounts in presence of the concentration of hydroNvl 
ion (O'OOIX) actually observed in a(]ueous solutions of 
palmitatc. luive found that even as little as O’OOOOlhV.frci- 
OH' corresponds with the formation of acid soap of the composifi(,B 
XaP,HP, and only 0'0002i\^-OH' completes the formation of tiic 
most nearly neutral of these acid soaps, 2XaP,HP; in other work 
this limiting meiul)er of tlie acid soaps is formed in the presence 
of alkali which is only one-tifth of that subsisting in ordiitarv 
soap solutions. Further increase of alkali would therefore inmlv 
diminish the amount of this limiting member of the series of acid 
soaps. 

Krafft and his eo- workers [Brr., 1894, 27 , 1747, 1755: WXk 
28 , 256(5, 2573). and likewise Arndt and Schiff [Koll. Chm. Bcihji-. 
1914, 6 , 201), analysed the .sediment obtained from very dihite 
solutions of sodium palmitatc at the ordinary lem])eraturo and 
found tliat tliis consisted of acid soap, uhich, in extreme dilulwi, 
corresponded approximately with the formula XaP.HP. In soiiu- 
wliat less dilute solutions, however, the sediment ajjproached iiktc 
nearly to the composition of neutral soaji. know now that no 
.stre.ss can be laid on definite values obtainc'd in this way owin^ to the 
very slight solubility of sodium palmitatc itself. This sniuTc d 
error can be avoided by .slightly rai.sing the temperature. Rcydilfi 
(IGiA- I laamsch Xaiuur-cn Gc?i('CsJiundiij ('ongn'S, Leuven, 1911 tik 
Kighfh Inter. Congress Applied Chem., 1912, 22 , 221) carried out 
experiments which were subject to the same error, but showed, 
within certain limit.s of dilution, that the conductivity of the 
mother-liquor was sensibly constant. Zsigmondy and Bachiaaun 
{Z. Chem. Ind. KoUokh’, 1013, 11, 145) isolated traces of sediiueut 
from potassium palmitatc and ])otassium stearate solutions at (JiJ' 
and found that they melted 100 below the melting point of the|irf 
neutral soaps, from which they concluded that they were ac‘kl.^('aps: 
})art of the effect was ])ossibly due to hydration. 

A careful study was made by Donnan and White (T., 1911,99; 
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1007) of mixtures of anhydrous sodium palmitate and palmitic 
ac id, which, however, always contained much more palmitic acid 
than corresponded with the formula NaPJIP. liiey proved that two 
scries of solid solutions of acid soap are formed, with a transition 
point at 70°, which, curiously enough, they misinterpreted as a 
eutectic point. The solid solutions they actually investigated 
conlaiiicd from 10 per cent, to 40 per cent, of sodium palmitate, 
so tliat the compound wiiich forms the basis of Ihi.s solid solution 
of palmitic acid must contain still more sodium palmitate and may 
^vcll be XaP,HP; it is further probable that this series of solid 
.solutions of acid soap is continued as far as the limit which we have 
found, 2XaP,HP. 

: What wo have not done in the present paper is to inquire con- 
iceniing a shift of this limit of 2NaP,HP towards XaP,HP as the 
temperature is altered. Further, it remains to bo seen as to whether 
the composition of the acid soap is not different in the ease of the 
s;il(s of the other fatty acids. 

Ill any case, the acid soaps formed as a result of hydrolysi.s appear 
to be colloidal in nature, as is evident from the description of the 
solutions given in this paper. Further, it is probr.ble that thej- are 
quite appreciably hydrated. Hence, even in extreme dilution, 
where the soap itself is largely in the form of an ordinary simple 
electrolyte, there is still an appreciable amount of colloidal matter. 
On cooling the stronger solutions, a silky, filjrous curd of acid soap 
i.'^ obtained, whereas in more dilute solutions an apparently micro- 
crvslalline sediment appears. 

The. Consiiiuents of Soluiiom of Sodium Pahnifaie at 00°. 

Previous communications have shown that it is possible to deter- 
mine the nature and amount of the various constituents in soap 
.solutions by comparison of conductivity and osmotic activity 
(McBaui and Salmon, Proc. Roj/. Soc., 1920, [.-1], 97, 44; J. A 7 ner. 
Chan. Soc., 1920, 42, 426 ; MeBain, Laing, and Titley, T., 1919, 
115, 1279). In this way the existence of the ionic micelle and its 
higli mobility in concentrated solutions were established. 

it was, however, pos.<il)le to determine the relative concentrations 
of the various constituents in some of the solutions merely from 
thi.s direct comparison only within certain limits. \Vc now' point 
out that the concentrations of all constituents become defined within 
the experimental error, if tiie usual formula is applied to the 
equilibrium which must exist between the simple crystalloidal 
sodium palmitate present and tJie sodium and simple fialmitate 
ioas. 

Ilany investigators have sliown that the dissociation of strong 
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electrolytes is in accordance with an empirical formula r,f 
form : 

a" = K 

(i - a) 

wlicre n. varies between the limits IriO and boo, but is 
nearly bbO. It has been shown that this formula may be extendni 
to solutions containing mixtures of any electrolytes witli or 
a coniinon ion {Sherrill, J. Amer. Chfin. *SV., MHO, 32, 741: IV- 
and Hunt, ibid., 1911, 33, 781, etc.). 

In the present case, a solution of sodium pnlniitate is to i, 
regarded as a mixture of simple electrolyte, XaP, and (’olloid,,! 
electrolyte, with the sodiiuiu ion in common. The following fonjn]].^ 
will therefore give, very closely, the necessary relationship hetwcH 
the concentration of tlie llii’ee chief orystalloidal constituent.' t.i 
.sodium palmitate .solution, the value of the constant being filter, 
mined from iIh.- existing data for O’bV-solution : 

|Xa'|""|P'|_ /, (,.1(14 

[Xal'l 

It i.s nou j)ossibIe to recaleulatf' more closely our previdiiJ-, 
published results. This is done l)y following the methods alrcaiiv 
described, taking the mobility of the sodium ion a.s Kill, of 
])a]mitate ion as 90, and of the ionic micelle as 139, calcnhnijiL' th 
concentrations from the eoiidiietivity accordingly, and aseenaini!:;; 
i)y ti'ial the only values for thi'se concent rations which uoibi 
satisfy the fonnnla just given. 

The rc.sults for sodium palmitate are given in Fig. 2. in vliiii- 
the percentage aiuoimt of each constituent pn'seiit is plotted aitaiiia 
the total concentration (d tlie solution (Uie lowering of dcw-iinjir 
for 0’2.V-.so(lium palmitate is taken as ()T2^ in.^tead of O-pb 
given by McBain and ISalmou). The.se individual perrentai'- 
must add uj) to 100 for each solution, so the whole diagram :• 
subdivided into tields representing tlu‘ proportionate anunnit d 
each of the five main constituents fur each soap .solution ijctvu'o. 
0T*V and l-i)X. The amount of acid soap is known from iii:r 
previous niea.surements of the alkalinity of soap solutions, soi)U’"i 
which have been ])ublis]K‘d: and the first section of this ]iap(T 
enables us to calculate the proportion of palmitate thus accoiiDta: 
for as acid soap. Tlie nunaining coiistitmmts are, ionic miccilf. 
simple ])a]mitate ion, these two togetlier l)eii!g of course equribi’ 
amount to the sodium ion : and lastly the simple orystalloidal sddirii; 
palmitate and the lU'Utral colloidal sodium )(almilat(‘. 3s ir 
3I(;Bain and Salmon's pa[jer, the ionic micelle has been cakulaa d 
as j)urc, agglomerated i)alniitatc ion, (F'),,, Thus the whole ri tb 
colloidal (NaP),, is reckoned as "neutral colloid," altlioiigli it 
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(H-rtaiti tliat part of it is sorbed by the ionic niicelle, and only ])art 
c.xists iiidepeiulently. 

ft will be noted tliat the neutral colloid first appears in apprcci- 
able quantity in solutions which arc above 0-2A\ whiLsf, in concen- 
trated .solutions the bulk of the soap is in this form. Xo matter 
hdw the data for OdX-sodium palinitate are calculat(‘d, usin^^ cary- 
iiiL^ sets of assumptions, and making allowances for possible c.xperi- 
nusital error, they suffice to show that the amount of neutral 
colloid pre.sent is inappreciable, ulicreas tin* amount of tlu' ionic 

Fic. 2. 


77c nJullfC prop'jiiiothi of ih^‘ rarions of nolutiom of pure 

^odiitu) pultoifati' at. !)()■'. (VVc* ostirisk + oinrhs t!ii> fithl nhoivlnij 
the proportion of odd noop, 2XLii\HF, pr^xnd.) 



nueclle must be about one-third of that of the sodium ion. Those 
euiu'liisions are only ('mphasised if the mobility of the ionic micelle 
is assumed to be as low as that of the palmitate ion. 

Ill more dilute solution the ionic micelle itsi'lf disajipears, whereas, 
through hydrolysi.s, the amount of acid soap, w hicli is itself a colloid, 
hceuines relatively much greater,* and the dis.sociation of the 

iicilnle {i.. 1021, 119, has criticised our view tiiat soap itself does 
iict ( ill colloidal lonn in dikao .solution on the groniul tliat dilute solii* 
(I'liis still exoft a protoctivi' action on gold and silver sols. Tfiis protective 
ac.tioti niu.st ho due to tlie colloitlal at id sotq) j^roduced by hydrolysis, since, 
>t.'t iinpuhlished expia iments show, certain fontns cuntaiii acid soap. The 
r-sulis in the present paper serve tnendy to fortify the statement made bv 
hdhnn and 'Faylor {Z. plrpslkal. Chau., 19il, 76/i:!l) that the acid soaps 
ure typically colloidal. 

Z* 
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simple sodium palmitate, like that of any other simple elcctrolv 
tends towards completion at infinite dilution. ‘ 

It is very noticeable that the dissociation of the colloidal electr 1 ■ 
into sodium ion and ionic micelle follows no such law as that of' ^ 
ordinary electrolyte. In fact, the proportion of sodium 
present is only slightly diminished in passing from 0‘2A' to i.5Y 
in spite of the enormous alteration in the concentration of 
colloid and the amount of ionic micelle relative to it. 
to account for this have already been given in the alteration' 
composition and hydration of the ionic micelle, with cliantro 
concentration. It is now even more evident that the proportion of 
neutral colloid contained in the ionic micelle can be large only in 
concentrated solutions. 

It is important to note, in view of tlie discussion of the effect of 
added electrolyte (see below), that the amounts of crystalloidal ard 
colloidal constituents in pure sodium palmitate solutions arc cal 
ciliated solely from the conductivity and osmotic data, the equation 
we have introduced being used merely to condition the allotment of 
the available crystalloidal material. Bearing in mind the deforce of 
accuracy, experimental and theoretical, to be expected in the inter- 
pretatiori of the results of conductivity and osmotic measurement^ 
it appears likely that we have determined the various constituents 
to within about 10 per cent, of the total concentration of tlie 
solution. 


Solutions conlaining Excess of Palmiiic Acid. 

The methods of the foregoing section are readily applied to the 
calculation of the data of solutions containing excess of palmitic 
acid. This has been done for tlic two eases in which a 25 per cent, 
excess of palmitic acid has been added to 04.V- and 0-2.Y-solutioin 
of sodium palmitate. It will be noted that the composition of ih 
palmitate in these solutions lies half-way between that of sodium 
palmitate (XaP) ami the acid soaps (2XaP,HP), It follows there- 
fore that we arc lierc dealing e.ssentially with solutions in which half 
of the palmitate has been removed, for practical purposes, as in- 
different colloidal material, part of which often segregated out, 
Hence the concentrations of the constituents present in these sob- 
tioms slioiild be tliose of 0’2AY and 0-LY-sodium palmitato respn- 
tively. This cornparison is cdfected in Table I\\ and it will be seen 
that the results afford satisfactory confirmation of these vieu'5. 
it should be remembered that the dew-point measurements did not 
measure concentrations more closely than to 0'02.Y. 
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Table IV. 

Comparison of the Concentrations of tlic Constituents of Solutions 
of Sodium Palmitate at 90° witli and without excess of Palmitic 


Acid. 



Xa*. 

P'. 

(PI.. 

XaP. 

(XaPp. 

0-2.V-XaP 

(>o:i 

O' 05 

0-03 

0 ! 3 

0-00 

O4.V-XaF + 0LV-HP 

0-072 

0-05 

0-02 

0-13 

0-00 

OLV-XaP 

0-035 

0-03 

0-00 

0-00 

0-00 

0'2.V-XaP -h O-OoAMIP 

0-041 

0'03 

0-01 

o- 0 (; 

0-00 

Study of the separate constituents of solutions 

5 containing 50 per 


cent, or 100 per cent, excess of palmitic acid lies beyond the range 
of accuracy of the osmotic method here employed; thus, although 
there are hints that the ionic micelle tends to persist in greater 
dilution in the presence of, or possibly when stablis(‘d by, acid 
soap, no stress can be laid upon the data. 


Solutions of Sodium Pahnitate co^rtaining Excess of Sodium 
Hydroxide. 


Much greater difficulty attaches to the detailed calculation of the 
alkaline solutions. It is necessary to introduce some further 
relation such as the formula : 


[NaOli] 


K = 2-13 


However, examination of the data for solutions containing the 
higlic-st concentrations of sodium hydroxide shows tliat no matter 
hoAV the concentrations are allotted, this formula, Avliieh undouhf edly 
governs the true dissociation of the sodium hydroxide, is not satisfied. 

Tu more extreme eases, it would be iiecessary not only to assume 
reiatffieiy large amounts of crystalloidal soap, but also to suppose 
that an appreciable fraction of the sodium hydroxide has been 
removed from sobitirm by sorption by the soaf). I'lie first part of 
this suggestion is directly negatived by the results of several methods 
not yet published (ultra-filtration and E.M.F .) ; the second i)art 
^At' should he loth to accept in vicAv of the pronounced negative 
wrption of solutions of sodium hydroxide in the piTscnco of salted- 
o'd soap (McBain and Taylor, T., 1019, 115, 1300, etc.). 

the most interesting case is certainly the solution which is 
normal both Avith regard to sodium hydroxide and sodium palmit- 
ate. ^ Here the conductiAuty observed (170) is less tlian the con- 
ductiAity of a normal solution of sodium hydroxide alone. Similar 
crises have been observed by Kurzmann {Diss., Karlsruhe, 1911; 

CJicm. BciJiefte^ 1914, 51, 427), namely, potassium liydroxidc 
potassium carbonate in tlie presence of the soap of palm-kernd 
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oil at 90*^ as well as at 20^. Ten years ago, in the total alxsence 
trustworthy osmotic data, it seemed permissible to suggest that tli 
might be duo to driving back of hydrolysis of soap solution; tlji 
view would now lie quite untenable. 

The most probable suggestion is that the dissociation of the soa* 
is well driven back, so that crystalloidal material has practioalil 
disappeared, although dissociation of the colloid as ionic mk-t.iil 
may still be appreciable. The solution is thus liUed with a tj. 
eoucontration of neutral colloid, \\'liose bulk may be infernal hr 
the fact that only 1000 grams of water are eoritaiiied in llilf) ^ 
of solution. This large volume of colloidal matter must pica 
serious obstruction to electrical conduction through the solutir, 
l\roasiirements of this effect will be published later. A sccoi 
influence ai'is(‘s from the liydration of tliis soap, which enhaner 
in the well-known fashion, the apparimt osmotic aclivily amllicr. 
tlic concentration of crystalloidal matter. A rough calculaii. 
sliows that these effects are sufficient to account for the 4- 
observed. 

The data in Tabli' 1 1 were tentatively calculated as 1 hough iai; 
mixture the mutual inlliicnce of soap and hydroxide on each oilir; 
dissociation was in proportion to their dissociation when tat 
separately. The results of calcuialion on this l)asis would indict; 
that the dissociation of the soap is even less than that of a piireN.: 
solution of tlie same total concentration, but that the typec»f db 
ciation is altered in niueli the same fashion as in Pig. 2. hi:- 
the effect of addition of an electrolyte to even a dilute scjap:-. 
tion is to produce, almost immediately, a high proportinii 
colloid. 

We have further measured by means of tlie hydrogen elwt:: 
the concentration of the hydroxyl ion in the solution coutaii. 
T0A"-sodium palmitate and POA-sodimn chloride, (b 8, SaiL 
has measured for us the concentration of sodium ion with a so:;- 
electrode. After ealculat iiig the diflusion potential, he has (led;:, 
tlie following values for the coiicentralions of tlie combr.- 
constitueuls : Xa’— O'/.AV, OH'=0‘4‘>A, whence 
These value.s, although inaccurate, are la getn^ral agreement 
those used in Talde li as calculated from conductivity and 
activity; namely, Xa'^OaStffiV, OH'— O'oTA, (P')„— (r23xV. 1 
sets of data indicate that dissociation of soap into ionic mici. 
still very appreciable in spite of the largo amount of 
electrolyte. 

^ummarij. 

L Conductivity and dew-point have been determined for soli:' 
of sodium palmitate containing excess or deficit of ]}almitic au 
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2 . Osmotic activity and specific conductivity arc ra])idly ditniii- 
hcd by excess of palmitic acid, having nearly di 8 ap[)carw.l wlicii 
le proportion of palmitato to sodium is as five to four. 

3 . It is shown that colloidal acid soa])s, and iiot free pahmitic acid 
r the products of hydrolysis of sodium palmitate. d’lio composit- 
II of the most nearly neutral of ihv .series correspond.s witli the 
npirical formula i>XaPa{P, ranging dou n to XaPdlP and beyond' 
-f. A mean.s has been found of calculating inon' closely from' 
Midnotivity and osmotic activity the eoneemtration of each of the 
.nstituonts prc.sent in soap solutions at \ arious concentrations. 

.^iddition of an electrolyte suen as sodium hvdroxide rapidly 
creases the amount of neutral colloid and alnio.st eliminati^s cr}-^ 
alloidal soap, whilst still Jeaving an appreciable proportion of 
nic micelle. 

fii conclusion, n'c desire to express (,ur lli;,i,ks to the Colston 
liversity Uc.searcl) Soeicty of tlie Universitv of Bristol and to the 
sscareh Fund of the Clieniieal Society for grants towards the 
Tchase of materials and a])j)aratus. 

[)Kl*\nrM.KXr fH' I’iIVSJC'AL ('HhOlISTKV, 

Tak Vyivv.nsiry, JUu^toi.. :J{rrn>:nJ^ l^brmni 3;v/, P)22.J 


LXXIIL — Halogen Derkatlves of Cawjihor. 
Part 11. a-Broniocainphor, 

By Thomas Martin Lowry, ^A(:TOR Steel r:. and 

flENRV Bukccss. 

■: existence of two slereoisomerie bromoeamiilioi's, as i^ro'lnrP- 
)roimnation of camphor, was discovercHl in ISbO hy \Uv.h (t' 
X 57, 8 iS; 1801. 59, flOS), win, showed that the’erude 
Jincaiuphor could he converted into a-l,r„nn,can,|,lior by dis. 
ion under Mninsiiheric pressure. A.s long aao as hSTs' \,nn 
n /ici«. Ace,,. 1878, 37. 4) had .shown that'aieoholic pci, " 
li.'d'o’vKle could be nsml to convert tlie crude ,,rodnct of 
miiation into ^-bromocamplior in almost qiiaiititative yield ■ 
T Mas not until PKib that Kippiny^ (J\, 1905 2 I l’ 

yi-ortant diseoviny that tlie Vs„n;c,leehan;; oYITI;:.™' 
K ic bronioeamphors in presence of alcoliolie potash is revers. 
t. t can be suspended by the addition of acids. By nudiine 

ito the n'.form. .Measuremcnt.s of ‘the .solubility “f'TbronY 
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camphor in alcohol, with and without an alkali (Lowry, T., ]9(]6, 
89, 1033), showed that the solubility increased in the ratio of 
0-905 to 1, but that the rotatory power of the saturated solution 
remained almost constant, increasing only from 40-5° to 40-8'^ in 
98-7 per cent, alcohol and from 41 -0^' to 41-6° in 99-o per cent, 
alcohol. These o).)sor vat ions indicated that the less stable isonu-rkle 
was of very low rotatory power, and indeed almost inactive; but, 
since the solubility of a-bromocaniphor in alcohol is almo.<t ecr. 
tainly increased by the presence of the a'-isomeridc, it was suggesiod 
that'^thc rotatory power of the latter must be negative in order io 
account for tla^ almost constant rotatory power of the saturated 
solution. 

In the present series of experiments we have made use of 
Kippiiig's method in order to prepare from pure a-bromocairipiuir 
a mixture of the t wo stcrcoisomerides. Tlio separation of these 
is much more ditliciilt than in the ease of the chlorocamphoi-s, on 
account of the lower melting point and greater solubility of the 
compounds, mixtures of which tend to solidify in a glassy form, 
or to separate as oils when a solvent is present. Wc have, liow- 
ever, been able to carry the fractionation of the mixture to a pnini 
at which the a'-bromocamphor was obtained with a constant ineltiim 
point and rotatory power. The final product crystallised from 
alcohol in necdle-.shapcd crystals, and by slower cry-stallisatioii 
gave vrelbdeveloped crystals, whic]\ could be measured on the 
goniometer, and were obviously free from all but isomorplioin 
impurities. It i.s of interest to note that the pure material i.< 
strongly hevorotatory, giving \y-]uM ~~ compared with 

[aju + 38-5" and + 29-4'b the lowest values recorded by Kippir;: 
and by Marsh for mixtures rich in the a' -compound. The rotalory 
powor of a-bromocamphor under these conditions (10 grams per 
100 c.c. of alcoholic solution at 20"^) is + 165°, a difference of more 
than 200° as between the two isomcrides; but on the addition 
of a small amount of alkali the rotations of both isoraendes 
change to the same final value, + 149°. 

Trom these rotations it ajjpears that the proportion of 'x-bromo 
camphor in the equilibrium mixture is 92 per cent, l^feasuroiiu-nt? 
of solubility gave an nncorrected ratio of 90 per cent., but lhi^ 
was raised to 93 per cent, when a correction was made for tlir 
influence of x'-bromocarnphor on the solubility of a-bromocampht'o 
on the assumption that the x'-compound would have the same 
effect as an equal weight of [i-bromocarnphor in increasing the 
solubility of the main constituent. The two determinations of the 
proportions of the isomerides when in equilibrium with one anot in 
therefore agree within 1 per cent.— an agreement which is rcmai’n- 
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ably ('lose, in view of the difference in the methods used for the 
two tleterrn illations. 

In the previous paper of this series it was stated that when a- 
and a'-ehlorocamphor arc brominated, they yield an identical 
niixture of the isomorphous aa'- and a'a-ehlorobromocainphors. 
Since the isomorphous mixture has exactly the same rotatory jiowcr, 
and tliereforo exactly the same composition, in both cases, it is 
almost certain that it is an cnolic form of tlie chlorocainphons that 
i, hroiuinatcd and not the ketones themselves. We have attempted 
to repeat this experiment with the two bromocamphor.s ; but 
wliilst a-bromocaraphor can be chlorinated readily by means of 
snlphuryl chloride, a'-bromocamphor lias given only oily products 
in a series of seven experiments, and wc did not think it worth 
while to sacrifice more material in order to obtain proof of the 
almost obvious fact that chlorination, as well as bromi nation, takes 
place by moans of an attack on an enolic form. 

A much more important jioint of contrast is found on compariim 
llic behaviour towards nitric acid of the bromo- and chloro-camphors. 
In the case of the chlorocamphors, each compound yielded its own 
nilro-derivative, and there was no indication of any shifting of the 
hulngcn atom during nitration. .^luch to our surpiise, however, 
wcfoimd (and conlirmed by repeated experiments) that bolli bromo- 
cainphors give the same nitro-de]'i\'ative, na»ne]y, the common 
'ax'-bromonitrocamphor, in which the bromine occupies the a-posi- 
Tion and the nitro -group the a' -position, rendering the compound 
iiin-orotatory, although the stereoisomcric ^^'a-bromonitrocamphor 
is dcxtrrn’otatory. e are not able to offer any explanation of this 
ennons difference between the two halogens; but there are on 
record observations on derivatives of benzene which are almost 
ideiifical with the facts which we have observed in tlie camphor 
.-cries and which sliow that bromine may become mobile under con- 
ditions which leave a chlorine atom completely stable. Thus 
Armstrong observed in 1875 (T., 1875, 13, 520)^ that under the 
influence of bromine, 4-brorao-2 : 6-dinilrophenoI (I) and 2 : 4- 
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dibromo-G-nitrophenol (II) undergo an isomeric change, in whir-h 
a nitro-group wanders from the o- to the p-position and a brunij.),. 
atom from the p- to the o-position. The same change takes plac. 
when 4 : 6-dibroino-2mitroam]jne (lU) is acted on by coiicoi. 
trated li\'drochloric or sulphuric acid (Orton and Pearson, 
11)08, 93, 725), but the change docs not take place in the eon’r-! 
sponding chlorine compounds, and is also stopped when the iiydi-dCf.j, 
of tlie hydroxyl group is replaced by an alkyl group. 

E X P E R I M i: X T A L . 

Preparaiion . — The material uscal in these experiments was pn.. 
pared, in the same way as in the ease of a'-cldoroeamphor (Lowr; 
and Steele, T., 1015, 107, 1382), by dissolving 3:-brouiocain])}tor ii; 
boiling alcohol, adding sodium cthoxide in order to prnrhic;' 
condition of dynamic isomerism, and then acirlifying with hvlm. 
chloric acid to render the isomerism static. Most of the v.-hmm.k 
camphor was ,s(‘parated from the alcoholic solution liy 
and used again; but the removal of the parent substance 
much less complete than in the ease of a-ehloroeamplior. ThiK. 
the lowest readings obtainetl from the mother-litjuors, ev('n afur 
six crvstallisations, gave speeihe rotations of al)()ul -j- 2r for lijiU 
of wave-length 5161. Tliis appears indeed to be approxiaiatclv 
the ixdatory ]>ower of a mixture of the two isomerides wlicii they 
saturate simultaneously an alcoholic .solution. It may be iiot-il 
that throe such mixtures, ^vliieh had been meltial and pounal iiilo 
distilling llasks, with the view' of attempting the .separation of the 
isomeride-s bv fractional distillation, remained in an amurjilitnis 
condition as a yellow resin or glass for six yeaixs, from 1!)!5 to Pijt, 
without showing any sign of crystallisation. This rec-alls 
description of mixtures of similar rotatory i)Ower as " ycllovi>!i. 
soft, and of a eamphorous consUtency.'* 

Fractionation —T\ k‘ fractions described above were dislillcil in 
tlie \ acuum of a Langmuir mereiiry- vapour pump under a pre^siiiv 
of 1T2 mm., which is apparently the vapour pressure of the glasw 
mixture of isonieride,s at O' to 5k Xo important separation 
effected, as is shown by the following figures 

Before di.stillation . , [y-kiei — r 

1st fraction . . > + ^1'-' 

2nd ,, ... ly-bsi — 

3rd ,, ... [aj- 4 gi - i- 3M)’ 

The distillation served, however, to remove any impurities tliai ha'i 
accumulated up to this .stage r)f tjie fractionation, and to cum'oi't 
the yellow resin into a perfectly colourles.s, camphor-like mass. 
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A number of trials were made m order to see if solvents with a 
(jiiferent ratio of solubility could be used for the fractionation, but 
inaiiv of these, for example, acetic acid, gave oily products, and only 
otiivl and nietliyl alcohols were found to l)e suitable. Practiona- 
-was finally elfectial by crystallising from those two solvents, 
.^nd mainly from methyl alcohol cooled in a freezing mixture, 
(juler these condition.s fractions with a rotatory power of less than 
were fro(iuciitly obtained, alternating with fractions of higher 
rotatory power. On recrystallisation, the former gave solutions 
which were jio longer .saturated with a-bromocamphor, and therefore 
(Iccrcasod in rotatory power, as the parent substance was left behind 
ill the mot licr- liquors, until negative rotations were ol)tained. 
The la.d .stages of purification are indicated in the following table, 
which gives the rotatory power ami melting poijit as modified by 
suc’(’cs.sive crystallisations from alcohol, after a 1 ^: 0 \'o rotatory material 
luul been produced by some four preliminary recrystallisations : 

Xuiiilicr of 

4 ■’3 0 7 8!) 

-OTUi- -^7-8" 

M.'p. - Va" 70" 77' 78" 7S' 7S" 

The rotatory powers given al)OA'c arc for very weak alcoholic .solu- 
tions; careful determinations, using a 10 per cent, solution in etlivl 
alcohol in a 4-dcm, tube at llOg gave ['/.] 54 ( 5 X - 40" a.s the speeilic 
nitatory power of thd pure substance. The melting jioirit at 78" 
was detcnniijed with a standard tlicrmomclor, in comparison with 
that of the a-compound, wliieli melted 2 ' lower at 7Gk 
. Pm/JtTOVs.--a'-Jh'oiiK)caiuphor is readily soluble in all organic 
'-•(Ivonts, including light pctrolcmn and petroleum s]}irit. It 
( rystallisos from methyl and ethyl alcohols in needles, hieli become 
l)etter defined as the substance becomes [)urer. 

2Iea.surable crystals wer(‘ obtained l)y the slow evaporation of a 
solution in alcohol. These were examined, in the iMineralogieal 
baboratorv of the University of Cambridge under the direction of 
-4r. A. Hutchinson, TMl.S., by iMr. Iv T). Mountain of Corpus Christi 
( ollege, who has supplied the following data, 

.• orthorhombic, holohcdral : a : h : r 0-7389 ; 1 : 0-4691. 

Form obs.vTfd : B ^ ;010;, m = llio;, r - COl ;. 

Augks mcasared: 

Xo, of 
measure- 



monts. 

Limits. 

Mean, 

Calc. 

(il0):(llu) 

(; 

72^ 4(r__72“ ,57' 

72 55' 


---• (llU) ; (JOl) 

(i 

()4 28 -(14 :U 

04 30 

— 

-(101): (101) 

2 

04 47 —64 57 

04 49 

G4^^ 44' 
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Habit : short prismatic ; often tabular parallel to w(U0); 
rarely tabular parallel to e(lOl). 

Cleavage. : none observed. 

Density : by weighing in a solution (,( 
potassium mcrcurl-iodide at I 4 - ... 
1484. 

Topic axial ralios : x 0‘658 ; i/^ == 

The optical characters of the cryslaUrf 
as follows : — 

Doable refraclion : negative. 

Optic axial plane : parallel to (001), aoatf* 
bisectrix perpendicular to (100). 

Rejraciice inHcrs : determined by total reflexion from j)iiia(.-oi[j 
face (010), the crystal being immersed in a strong solutioii ni 
potassium inercuri-iodide ; 

s ^_= p.m-i ^ ~ 1‘5787 y - Po912. 

Optic axial angle : 

2V — 09^ 10' as determined in dilute potassium mercuri-indirb 
of approximately the mean i'efracti\ c index of the cry.stals; 

2 A’ — 00^ Kp as calculated from refractive indices. 

The cryslalliue ])roperties of the compound arc related ojdy ii! a 
very distant way to those of the stereoisomeric x-bromocampl'r'r, 
wliich crystalli.scs in the monos^anmetric system and only slinns 
a slight resemblance in one /^(jne to the 7/-eompound, 

Although it is less sta])lc, the density, 1-4S4, of a'-hromocaiuphni- 
is sligidl}" higher than tliat of x-bromocamplinr, for which lli" 
values 1-437 ar.d 1-449 have been recorded, The melting points nf 
a'-bromocamphor at 7S-j" and of a-lu’oinoeamphor at 76" arc vcit 
clo.se together, like those of the stercoisomeric bromonitrocamphors 
(Lowry, T., 1 80S, 73, 087), which agree within V, Since no mai-tol 
fractionation takes place w hen a inixtiire of llic two compounds is 
distilled under redticed pressiii’p, their vapour pressures must alse 
be very similar; both compounds can be sublimed from the liciuid 
without decomposition, although they tend to char when disliJhd 
under atinospheric pressure. 

The composition of the new compound is establi.shed clearly by 
its preparation from a-bromocaraphor and by its reconversion into 
this compound in [iresence of an alkali ; it was, however, clicckd 
by an estimation of bromine (Br 34-12, 34-40. 
requires Br — 34-dS per cent,). 
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][uiarotaiion ‘ — ^ solution of a-bromocamphor in alcohol (5 grams 
i;i 100 c.c.) gave + 164-75“; but, after adding four drops 
(if normal alcoholic potassium hydroxide to approximately 15 c.c. 
(,f the solution, the rotatory power fell to + 147-4“. In 

tljc case of the a'-compoiind the initial and final rotations under 
similar conditions were ~ 38-8“ and 147-7“, the final rotations 
being identical within 0-03“ in the actual readings, d'hc volume of 
gjcoliolic potassium hydroxide added to tlin solution was approxi- 
mately 0-05 C.C., so that the final values should be corrected to 


Fig. 1. 



147-9" and d- 148-2“ for the two solutions, A direct determina- 
tion of the final rotatory power in the ])re?enco of an alkali {added 
hofore making up to an exact volume) was -f 149“, in good 

general agreement with the two approximate values recorded above. 
I he more exact value. 149'“, corrcsjx'mds \\ itli the presence of 92 per 
tent, of «-bromocamphor in the etjiiilibrium-mixture. 

Quantitative curves for the mutarotatioii of x- and a'-brorao- 
cainphor and of x- and a'-chlorocamphor in alcoholic solutions in 
iuesenoe of sodium ethoxidc are reproduced in Fig. 1. The curves 
Fr 7.- and sc'-bromocamphor show an eijual velocity of change 
towards the equilibrium-posilion, the mean values of the constants 
Iwng = 0-0210 for a-bromocamphor and 0'0249 for a'-bromo- 
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camphor in presence of i\ /1000-sodium ethoxide, the corroispQ,i(| 
\\\^ half-life periods ” arc thirt 3 ’'-throe and tAvent^^-eight 
In view of the minute epuantity of catalyst used in both cases, 
concordance is veuy satisfactory. 

mutai'otatinn cuin’c for a-clilorocamplior in presence u{ 
A' ■oOO-sodium ethoxide is very similar to that for the bronv,. 
compound ol half fhi$ co'iiceiilrofion of Cflfhd//s7, the velocity coiistair 
lieiiig h = O'Odis and the half-life period thirty-two nhmitK; 
the data are very concordant, and the curves are based on rc,n]iiii;< 
from three iiideiiondent experiments. The miitarotation eiin-K 
for a'-chlorooamphor a no however, abnormal. A theoretical eunc, 
iisijv^ the same velocity comstant and half-life period as for x-clilorn. 
camphor, is .diown by a full line in the diagran^ ; the experimentai 
curves are shown by dotted lines, ddiese iiulicate in ev('ry case a 
progressi\'e slo\\ing up of the action as a result of flu* gradinl 
disappearance of tlic catalyst. Xone of the curves, thcrchiic 
readies the normal e((uilibjriim value, altliough the curves foruvij 
sauijiles, whicli had been rocrystallised four times for the.se expen- 
Tuent.s, pix'cecfhal eonsiderafily furtlier than the eunc.s for tw. 
samples which had only been cry.stallised twice. The gradiai! 
disappearance of tlie catalyrt at the boiling point of alcohol Ims 
already been noted {Lowry and Stede, T., lOl.p 107, LlS.y h-ot. 
note): tiu' dhappearanee at atmu.spheric temperatures (ilO') Lir) 
not been noticed ju’ovioushc dhe readine.js v.ith 'uhidi alkali i< 
eliminated b\^ a'-ch!orocam|)bor is remarkable, but the action 
appear.s to be only a simple reduction by alcoholic sodium ethoxide 
givinri aldehyde cuul camphor as the organic products of the action. 

These curves show that in presence of ('qiial quantities of a 
catalyst the liromo-compoimd changes more rapidly tlian thrchloro- 
compound; and, since the isomeric d)ang<^ probably dqH'iKh ia 
each case on the slow fennatioii of a trace of enol ami its rapi-i 
return into tlic ketonic form, it may be concluded that cnolisaiKni 
take.s ])kicc to a giuater extent in the case of the hromo-compouiirh 
than in the cas(> of the corresponding chloro-compounds. 

AZ/mtiom—Since tlie I'otatoiy powers of tiie brcmumitrocamplKiis 
for the green mPTCurx' line luive not been recorded, parallel experi- 
ments were carried out on the nitration of x- and y/-broniocani])lior, 
similar quantities of material being used in both cases. ^ In liic 
first instance, o grams of x-brumocamplior, boiled xvitli a c.c. c 
nitric acid {d 14)'(iuring Hfty hours, gax e, aiicv washing with water 
and a little alkali, a viscous oil wliich solidified on standing: alter 
crystallising once from alcohol, the solid melted at 97^ and gave 
- ^>0' in a 1 per cent, alcoholic solution; on rccrystalN- 
tioMiie melting point rose to 104^^ and the rotatory power to - 
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UiultT conditions, hut after a Jiii ration })cri(xl of only i^cven- 

jeeii hours, a'-bfoinocaniplior gave, an oil winch Kolidilied more 
rL'iulilv: and after only one crystallisation the solid melted at 10^^ 
‘Uk! srave [^15401 “ ^ ^ solution in alcoliol. A 

Juplieale experiment, in wliicli nitration was carried on during 
twentv hours, gave a product which, after ojie crystallisation, melt(M.l 
at loih i>oth alone and when mi.xed with a nitration product from 
a.lx(inK)cam{)hor, whilst its rotatory power was ~ t 

Prom these experiments it is clear that tlie nitratirjii products 
i'niiu the two bromocampliors are identical, and tliat in tin' nitra- 
tion of the new ct'-componnd the halogen is displaced by tlm nitro- 
j-itiiip, which itself takes up the a'-position, whilst the, bromine is 
innisferred to the a-posi(ion. 

Suiiitfianj. 

1. x'-Bromocainphor lias been ])r('j)ar('(l frrnn y.-l)ro?noeam[>hor 
hv the addition (lost of alkali, in order to nnider tin* isonterism 
ilvimniie, and then ttf acid, in ordtT to make it static, the new 
ciiiiipound prepared in this way being sejiarated from llic parent 
siil'stance by fractional ery.stallisatioii. 

A a -Bromocamphor melts at 78^ {y.- at 70 ), has a density of 
1-4S4 (a- is slightly lower), whilst — lU in alcohol as com* 

pared with lOlb" for a-bromocainphor. 

;k On the addition of alkali botli isonierides pass to an eipiililiriiiiu- 
niixturc for which — -p IPOk This corresponds with a mixture 
(■oiitaiiiing 92 jK'r cent, of ix-ljromocamp!ior, whilst an estimate put 
funvard in 1900 as a result of measurements of solubility with and 
witliout alkali gave OO per cent, of tiu' '/-eonpiound. 

4. ^Uicreas x- and a'-chloroeamphors yield slereoisomerit' nitro- 
(Icrivatives, the two bromor'amphors, when nitrated, yield tlie same 
'/•/.''bromonitrocauiphor. Analogous cases are rchoTcd io amongst 
iironiatic conpiouiKls, where bromine and the nitro-gi'iai]) change 
I'lacc;', wliiLst chlorine and tlu* nitro-group rcinaiii iixed. 

I his work was begun at (!uy's Ho.'jiitai Mt'diiai! School and 
ci)tii|)loted at Cambridge. One of us (fl. B.) is indebted to the 
Coniniissioners of the Exhibition of 1851 fur a grant, with the help 
"1 which the work was carried to completion at Cambridge. 

;.v7. M<t,xh ll'-'lj 
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LXXI7 . — Introduction of the Ckloroethijl Group uipj 
Phenols^ Alcohols^ and Amino-compounds. 

By Gforge Roger Ceemo and ^Villiam Henry PuRKi^i, 

It is well known that the ethyl ester of toluene-jj-sulphonk ai;!,! 
may bo employed for the ethylation of ])honols; thus plioneto'^ 
is readily obtained "when phenol is treated with this ester in \\y. 
])resence of sodium carbonate. During the course of some iiivtsti-.r. 
ations which are in pi'ogre.ss, it became necessary to employ phenv! 
P'Chlorocthyl ethers, of w’hich the simplest tyjie is GijHj’O-CH./l'H.Cj 
and although substances of this type ha\'e, in a few iiislan(;t<_ 
already been prepared from phenols by the action of ethvlenn 
dichloridc in the presence of sodium hydroxide (Wohl and Beithulii. 
Ber., 1910, 43, 2175), the proces,s is troublesome and the yields are 
usually not more than 50 ])rr cent, of those theoretically po.=idi5. 
It occurred to us that cliloroethyl ethers of this kind might 1^ 
made by acting on phenols in the presence of alkali with ^i-cUoro- 
elkijl ioluene-\^-sidphonale, OH^’CjjUj-SO.yO'CIR’CIIoCl. This siiii- 
stance has not been described, but we find that it is readily obtainni 
in a yield of upwards of 90 pru' ccnl . by heating tolucnc-p-sulphonyj 
chloride ^^■ith ethylene chlorohydrin and is a viscid syrup whieli 
distils at 210"/'2l mm. without decomposition. This [:n-hlcroetl]yl 
ester reacts readily with phenol in thc‘ presence of sodium hydrnsidi-. 
yielding phenyl [bcldoroctliyl ctlun’ togctlier ^vith some diphriiy! 
ethylene ether, C(jHyO*CHVGH,yO-('^H^, the cliloroethyl other 
being obtained in a yield of SO per cent, of that tlicorotically 
po.ssible. o-Tohjl Pj-chloroeflnjl rfher and p-nitro-o-toJi/l ■'.■cliloio- 
dhjl filher were obtained from o-erc.sol and p-nitro-o-crosol ai a 
similar manner. Experiment se('nis to indicate tliat when t!;i 
nitro-group in ])l]enuls is o- orp- to the hydroxyl group, alkylation 
does not take place. 

Phenyl |3-ch!ororthyl ethen reacts readily with anilijie with iIf 
formation of ■ ’^i-phfnw.i'iidkylaniline, C^H 5 nNH'(.,’IlpCH./ 0 -('(jil 5 : 
the coiTc.sponding {t^phcnnxi/diflht/lanilir.r. from etliyiaTiilino yiolfc 
a characteristic p-nf/roso- derivative, 2sO*C(;H^'XEt*CH,2*CH.2’0'((;ll,3. 
o-Acpff/laminophenyl 9j-cJiJoropihyl edipr, isHAc“G(.H 4 ' 0 'CHyC'l-U I, 
is produced when o-acetylamiiio|)hcnul is Inartcd with the 'i-rhloR" 
etliyi ester of toluene-p-sulplioiiic acid in the presence of 
hydroxide. 

Many other benzenoid derivatives of a similar kind have hoin 
prepared and investigated, and the case with wdiich they aic iot’we^ 
sugge.sts that [3-chloioethyl toluene-p-sulphonate and este^■^ 
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analogous constitution may pro^e to be ^■alllab]e reagents in 
<vnthctical work. 

' Derivof Ives of ^-Naphfhol~h\ the ease of the naphthols, the 
conversion into the fi-chloroethyl ethers by the interaction with 
.Vckloroethyl toliione-p'SiiIplionate proceeds witli great ease. Thus 
vnaphtliol yields ^i-7mpklhyl {i-chloroctki/l dher, 
tt^Tthcr with small quantities of di-fi-naphthyl ethylene ether, 
i.’,QH;- 0 ‘CH 2 *CHyO'CjoH;, When treated with ammonia, the 
chlorocthvl ether is evidently converted into a niixtitre of the bases 
(OiJIpO*CJT,)WH, and ((hoH.-O-C.H.l.X, but 
(he set'ondary base (in. p. 103 — 104") is, so far, the only one of 
these A^hich has been isolated in a pure condition and inve.stigated. 
If diiiiotlndaniine is employed in the place of animonia, the sole 
suhstanoe produced is fj-naimthijl ^{‘.-dh}n:i}ujl(iiHVAoethijl ((her^ 
the hydrochlorkh^ of which has local anrosthctic 

ailion. 

VXaphthyl .3-e]iloroeth3'l ether (see above) is readily nitrated 
ill acetic acid .solution, and ihi^ resulting looVro- derivative is 
reduced by .stannous- chloride to l-umifio-f^-naphlhfjl '^,<MorGcihfjl 
XH.>’C^qHq* 0*(JH^’CHX'1. This amino- derivative is converted 
into y.'i-na ph ihadihjdrohooxaz i 7i c, 


0A< 


XH, 

O-CH.-CH/l 


CioHo< 


XH-CH. 
0— CH^ ’ 


vdicn it i.s boiled in arayl-alcoholic solution with pota.ssium carbonate 
and a trace of copper powder. 

-4r/io?i of '^i-Chloroclhijl I'olue^ic-p-sulphonalc' on Bcnrjjl AkohoL — • 
After it had been demonstrated that the ,3-chloroethyl ester 
interacts so readily wdtli phenols, ^ve were inter(?.sted to a,sccrtain 
^vhether the introduction of tlie chlorocthvl grouj) into aromatic 
alcohols could be accomplished under .similar conditions, and selected 
I'cnzyl aleoliol for investigation. Experiment .showed that tliis 
substance reacts readily ^Yith the ,B-chloroethyl ester in the 
jiresence of sotiium hydroxide, yielding btrnzjil 'p-chJorocfhpl dher, 
^ (i^5'^H2*0’CHyCn2(.’I. This substance interacts with diethyhunine, 
producing C^H^-CdlyO'C’HylTIyXEto, and 

tins powerful base combines with eihyl iodide to yield i-lcnztjl 
iodide, CgHy CH./OCH./C’ H./X Ef .^1 . 

The Action of {i-ChhroAki/l Toluene-p’Snlphoiuite on Ahiline- and 
'-diyftnnhwc.— Aniline x'cacts readily with the ,'i-chloroetliyl ester in 
t>K piesence of sodium earbonati', but we liave been unable, so far, to 
1-0 ate the initial product of the interaction, namely, ^-chloroctliyl- 
ji'iamc CJ-lyXlI'CHyCIECl, because under t1iecoiiditiou.sof experi- 
this substance immediately undergoes condensation with itself 
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and also witii the other substances ^vhicll. are present at the Jiioii.f,), 
of its formation. For this reason, the substances actually isolut,.,: 
were diphenylelliyleiiediajuinc, CbH 4 (XH<'QH 5 ) 2 , and diplic^i* 
piperazine, CgH-'X(CH 2 ‘CH 2 ) 2 N'CgH.. 

In the ease of undliylaniline, tlio action of the fi-chlort)c(ji^i 
ester in tlie presence of sodium carbonate leads mainly to the 
at ion of dimel hy idipheiiyletliylencdiainine, 

‘ (VB^-XMe-CHo-CHo-XMc'CcH^, 
l)Ut in this ease it was also found ])ossible to isolate some [i-c/a’oft. 
('(hijIrndJiylaniUm’, CpJdyXAlc'C'HyC'HoCl, an oil which coadoi^.,,; 
with P-naphtlioI in (he presenee of alkali yielding fi-naphiliv’. 
oxyetliylmethylaniline, (.'^^,11 --O-CHyC'HyX.Me-CyHj (compaiv 0,11 
Braun, Ikr., B)17, 50, 1037), 

E X r E 11 1 ]■. X T A L. 

f^-ChIoro([Jnjl Tduojr-p-sulphonale, H.Xl- 

Tilts substance is readily j)rcj)ai'ed by boiling tolueno-p-siiipliniiv; 
chloride {{15 grains) witli ethylene ehlorohydrin (100 grams) in ;; 
reflux a])})aratus for IhicM' hours. Eo])ious evolution of livdmLMi 
chloride occurs at lirst, but this ceases after about two and a 1/;:;! 
hours. Tlu' cxecss of elliyleiu^ ehlorohydrin (about (iO grani.-) 
distilled otf undcT about 250 tnni., the residual syrup sliakeinnlli 
a little dilute sodium hydroxide and extracted witli kein.ii]!. 
After drying over potassium earlionate and distilling off the henzrik, 
the substance is fractionated under ledueed pressuii', when i: 
distils at 21(0'’ 21 mm.; the yield is 102 grains or S7 jier (ei.:. 
of that thcorelieally possible (Found: C — 46*5; 11-4': 

(;l==15T: IS -13-0.^ 'IS requires ('- 4(rl; H - 4-: 

Cl — 15‘3; S -- 13'7 per cent.). 

'i-('kloro(‘f}u,i iolucnc-jhSKlphonah: has a faint ;;nd not uiqileasant 
odour and is a colourless syriqi rather less viseous than glycenC 
it is heavier than, and almost insoluble in, water. 

PJinii/l 'l-Chlowdhj/l FAh'r. (.\jHyO-Ci-F-CH.X‘!. — This suIothiio: 
lui.s already been prepared, in a yield of 48 juu’ eent,, by heaiirii: 
phenol with sodium ]iydroxid(‘ and ethylene diclilondt* imder 
pro.ssui’c (Wohl and Berlhold, loc. ed.). A mueli better yield s 
obtained under tlic following eonditions, Idumol (3S mvA' ■ 
sodium hydroxide (17 grams), water (30 c.e.), and [iadiluruetliv: 
toluene-josiilplionate (IM- grams) aix^ heated in a watei'-batli Ff 
two to three hours with continuous stirring. The whole is ib'i! 
made strongly alkaline with .sodium hydroxidi' and steam-disliho" 
when a })leasant-snielling oil (57 grams) pas.ses over rai))<lly 
afterwards a small quantity (1—2 grams) of di])henyl ethylL'i''' 
ether, CgH,*0-CHyCK./0‘CJl-, crystallises in the roiulnuo. 
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Xho oil fractionated ^^■itIlout ])rellrninary dicing, ^vhen, after 
,1 few grams had passed over, phenyl fi-chloroelhyl ether di.stjllcd 
oonstantly at 217 — 22(r/760 nini,, and, after solidification, melted 
at The yield— 48 grams— can be increased by extracting 
j[je ^team distiJIato with ether and distilling the rlried extract. 

o-Tvln! 'ydhnufhyl cihrr, CH,j-C,iHpO*('lIy(dl4 -I, |jr(^])ar('(l in 
0 similar inaniicr from o-eresoi, distils at 227 — 226' 762 mm., and 
y,niltO‘ 0 -iohd [i-chluroclhyl (fker, CTl3d:\,H3(X4)2)dJd’lIy('H,(d, 
(.[itaiiied from p-nitro-o-cresol, sejjarates from light p<‘jro]eiim in 
jiaic yelloAv prisms and melts at 60'' {.Found ; N -- ()-8. joCbXFl 
iviiiurcs X 6-5 per eent.). 

'yrk))o.rtj{ihj/hniUn(‘, (bjHpXK-('Fr^-( 'Hy(>(.;.If and p-.Vdroso- 
Vp//< noxydu ihylcoiilinc, X"()*( Ftd ’My(’iF’0’(,\dI-.--{ 'onsiiier- 
;iMe (jiiaadities of fi'})henoxyethylarii]in(' hax'C' been jiixj. aired 
..'iiiii^ly hy hoiliiig aniline (16 grams) with phenyl ['wchlriroethyl 
ctlicr (brO granrs) in a reflux appai'atus for forty-eigld hoars. 
The reaction is accelerated by adding tb(' eijuivalent (juantitv of 
sfMliiim Iiydroxide, but with the disadvantage tliat the sc])aratioii 
f.f widimii chloride i.s a])t to cause' lunuping. Tlie product is 
rendered strongly alkaline with sodium Ipydroxidig aiiy excc'ss of 
aniline and phenyl {i-chloroetliyl etlu'r removed liv distillatimi in 
steam, and the residue cook'd, wlicn the oil soliditii's: the drv 
.<(ilid molts directly at 4d — 45^ and weighs lOsS grams. '-.-Ph'no.ni- 
>th-iJ(uiiUfir .separates from liglit petroleum in colourless plates and 
tiiclis at 40—50 (bound ; \ O'CI, CijH^-OX rcrpiires X - Odi 
jjcr cetii.). 

The corresponding derivative of monoetliylaniliue vas jiiejjaKil 
in a similar manner and, aftiT removing imcliaiigcd material by 
(li''lil](d ii.'ii ill steam, the crude iuise was dissolved in dilute hvdro* 
^•lilnrie acid and converted into the p-nitrn.'<o-dcrivative by thi* 
aridition of sodium nitrite. v-^llw■<o-kJk(no.r|Jyir(hk^^ 
wnarates from light })etroleum in brilliant green primus and melts 
at m (Toimd; X -= lO-.o. reijuires X' — lO'U jier 

rent.). 

o-A('< (yla'iiiinoi'hoiifl (i-f 'hJorodhy] Eth< 'i\ 

XKAc*L;;Hp(b('KyCH4'l, 

—In preparing this sulistauci', o-acetylaminophenol (5 grams), 
>"dmni hydroxide (F5 grams), water Cl c.e.), and C<'hIoroethvl 
t4iic!te-p-sulphotiate (T'S grams) wci'e mixed and iieated in ’a 
'\ater-i)atli with coutinuous stirring foj' .vi.\ hours, On jmnriug 
^ w product mto water, the oil sididitied. The solid was eolleeted. 
;^iuiHid in a. nioriar with dilute alkali, waslii'd, and dried, when 
S-;i‘>JV!s of nmij'ly pure o-aedytaminoph n>jl ^c>-vhiorodhy} dhr 
‘leaned, .this .substance si'^iarates from light petroleum in 



G46 


CLEMO AND TETIKTN I INTRODUCTION OF THE 


colourless prisms Find melts at 97 — 98° (Found ; X 
CipHigO^XCl rcc^uires N — fi'd per cent.). 

'^•Acdiflaniinophenijl ^-cUoroethyl ether, prepared in a shrii'ir 
manner from p-aectylaminoplienol, crystallises from benzene in 
colourless prisms and melts at 127° (Found : X o-.*] , 

cent.). ' 

fi-Xaphih/l “.-ChlorocUtyl Ether, OioHj-O-CH^-CH^fl. 

This cliiorocihyl ether was produced wlicn .B-naplitliol (30 granny 
sodium liydroxide (8 grams), water (U c.c.), and li-chloroethvl 
tolueno-p-sulplioruito (47 gi'ains) were stirred and heated on tbe 
stcam-laath for an liour. The oily product solidified on cooliiv^ 
and was collected, ground with ^^■eak alkali, and dried on poroi;< 
porcelain. In ifiis condition it weigiied 41 grams, melted at about 
78°, and contai]ied a sjiuill (juantity of di-B-naphthyl ethvlunu 
ether, from which it A\as se])a rated by extraction witli fipht 
petroleum. On concentrating the solution, fioarpM;//? 
ether separated in plates and melted at S3° (Found ; Cl = 17-;| 
CjoIIiiOCl rec[uircs Cl == 17'2 per cent.). 

a-yaphihjl fj-ehlorocfhijl ether, prepared in a .similar iiianiK'r 
from o:-naplithol, melts at 28° and distils at 202°/16 ram. (Fourifl: 
Cl = Ifi'S per cent.). 

Action of Ammonia and of BimctJiijJainine on ^^-Xaphthyl 'i-Chkaj- 
ethyl Ether . — WTen tin's ehloroetliyl ether is heated with concen- 
trated aqueous ammonia in a sealed tnbe fit 140°, a complex mixture 
of sub.stances is oljtained, from A\'hieh, by crystallisation liist 
from alcohol ami then from light petroleum, Xf-di-'l-mphtJmij- 
didhjlamine, (Cjf,HpO*C 2 H.j)oXH, was separated in prisms meltiu^ 
at 103 — 104° (Found: X — 3’8. Co 4 H,i 302 X re((inres X = 31! 
per cent.). 

In inve.stigating the netiofi of dimelhylaminc, the ehloroetliyl 
ether (3 grams) and alcoholic dimethylamme (12 c.c. of 14 jxt 
cent.) were heated in a sealed tube at 120-— 140° for sixteen lioiin. 
The alcohol wa.s reimncd l)y evaporation, sodium hydroxide 
added, the liase extracted with benzene and distilled lirider 
reduced prc.ssnrc, wlien 8-nap]itl]yl-3-dimel]iylamiiiocthyl ether. 
CiQlIj-'Od ^HpXMe.,, pas.^ed over at 200 , 17 mm. and crystallised 
on cooling in ice, the melting point being ajiproximately It'- 1' • 
The hydrochloride was obtained in eolourle.ss crystals by 
dry hydrogen cliloride into tiro benzene si'lution of the lia^e- 
nicdts at lSo° and has local amcsthctic action (Found: X-'J'-*' 
Ci 4H,-OX'’,HC1 requires X ~ 54i per cent.), 
lSAtro-?.-naphthyl^A:Moro<d}ujlh:d^^^^^ 

P-Xaphtliyl |3-chlorocthyl I'ther (20 grams) is dissolved in boibi't- 
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criacial acetic acid (200 c.c.), and nitric acid ((>0 c.c. of 63 per cent.) 
then gradually added so soon as the temperature has fallen to 
the whole being continuou.sly stirred during the operation. 
Vfter half an hour, the product is diluted witli water, the yellow 
pooipitate collected, washed well, and dried on ]:!ozous porcelain, 
'['lie I./uVre-dcrivative separates from acetic acid in pale yellow 
and melts at 120^ (Found : N 5-.y 
n.lihrcs X - o-G per cent.). 

\.Amlno-y>mi)hthjl f.-Chloroethil Ether, XH^-CjoH.'O-CH^-CHoC'l. 
- The above nitro-derivati\'e (10 grams) was reduced by intimately 
mixing it with stannous chloride (2(1 grams) and heating wit'li 
cuneentrated liydroehloric acid (80 c.c.) in a reflux apparatus for 
one and a half hours. The white tin double salt was collected, 
Jis.solved in hot water (2 liti'C.s), the tin removed by hydrogen 
.'Ulphitle, and the filtrate concentrated liy distillation under reduced 
in’cssure in the presence of coal gas. The free (7mn?o-dcrivative 
[72 grams) was collected and recry.stallised from light petroleum, 
from which it separated in leaflets melting at 85“ (Found : X = 6*2. 
('j.,H|oOXCl requires X" = 6'3 per cent.), 


7.:-E(tphthml ihjjrfrohoomzi nc, 


'0--ch’' 


-This interesting 


siiljstance is ol)tain('d wlien the amino-dei'ivativo just dr.^eribed 
i'l-'l grams) is mixed uitli pota.ssium carbonate (1’4 grams), amyl 
alcohol (10 c.c.), and a trace of copper powder and heated to boiling 
in a rcHux apparatus for txvo lioiirs. The amyl alcohol is removed 
ly distillation in steam, the residual oil extracted with light petrol- 
emn, dried over ]>ctassii]m carbonate, and distilled under reduced 
liressiire. The distillate solidifies on cooling, and the ma.ss, after 
draining on porous porcelain, is purified by recrystallisation from 
liiiiit petroleum, from which the isoo.mcf??e separates in cubes 
lii-lting at 44—45^^ (Found : F = 78-1 ; H = 5-8. Cj.HnOX 
ir'juires C — 77\S ; H 5’1} per cent,). 


The Acliou of [i-Chloroethyl Tolu(ne~-p-sulphori(7fc on 
[a] Aniline and [b] Jldh^hnulinc. 

{(() Action on ^iniUnc. — Aniline (ffi8 grams), the chlorocthyl e.ster 
I:1T5 grams), sodium carbonate (5-4 grams), and xylene (L^) e.e.) 
were heated on the water-bath with continuous stiiriiig for six 
houi;^. rile ])roduct wa.s acidified, the xylene removed bv dis- 
tillation ill steam, and unchanged chloro-ester (0 grams) recovered 
u extraction ivitli hen/ene, The acid lic|uid was made alkaline, 
stt.umdistilled, and the oily bases (4 grams) extracted from the 
di^tulate with ether (A); the residue in the distillation flask 
^Aidihcd and weighed 6 grams (i^). 
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The oily bases (/I) yielded with tolucnc-;;-suIphon 3 ’] chlfi^i,]. 
and sodiuiu hytleoxido, '2 grams of tlio anilide soluble in 
corresponding with 0’7 gi"un of aniline. The portion insoln],!, 
in alkali eiTstallised from acetic acid in plates, molted at 
and consisted of 

The substance {B) was extraeled uitli l)uiling iiietliy) ali't-b,! 
when, on allowing to cool, diphen\'lpipcra/iiie (in. p. segarntFi! 
first and siibseipienlly, from the mother-liquors, the iiydroclilopj,),. 
of diphenylethylenedianiine (m. p, :130"') was obtained. 
])Oiiion insoluble in boiling metliyl alcohol was not fui chcr exaiiiimfi 
(h) Aclton on Mrlhi/lanilinc.—ln this experiment, metliylaiiijin,. 
grain.s), the eliloi'oetliyl ester (liibd grams), and sodiiiiij 
carbonate {lO'O grams) were heated at !0,r witli continuous Ktiniio 
for seven hours. Tlie ])roduct was steam -distilled and iiie niixiDif. 
of liase.s (t'j ,■>■,■) grains) {‘xtracted from the distillate with cihpr: 
the residue In the di.st illation Hash was made acid with hydroclihrif' 
acid and a small (plant ity of unchanged chloro-i'stcr exiraficr] 
with henzenc. On adding sodium hydroxide to the a(pU'ous sohnir.i!. 
,^-diiuethyldiphcnyletliylenediamine, 0 (Tl 5 ‘Ni\Ie’CIl 2 ‘CI]y.\.M(-(’.H. 
(I4 grams) was prcei[iita(('d, and after crystallisation from miiliv! 
alcohol melted at 47 \ The mixture of bases ((’, Bo gram.q m;|' 
treated with toluene-p-sulphonyl chloride in the jiresenco of alkdi* 
and yielded a semi-solid nia.^s which, on washing with dilute liyda- 
chlorio acid, left 4-3 grams of tohii'm'-p-suljilionmclhyliuiilifJv, 
CgH-pXMc'Slrid^JIjMe (m. ]i. 04"), corresponding witli id grans 
of methylaniline. The hydrochloric acid washings were mad-; 
alkaline with sodium hydroxide and cxtr.actcd with other, idur 
{i-chloroflhyliucIhi/lanUinc (3'S grains), ('gHyXMc-OHyOHTl "ir 

* ToliU'iU'-;;-sui[ilK)nyl (dJotuio is a very useful tvngont for cliarrtito'i.'ii : 
judmary au'I serotuhu'y auii!i()-r'Oinr)oiin<l.s and fur llic estimation of [.triuiiiiy. 
seeoiulary, .-.uid tniiary amino-derivatiw'.s in jiiixlures. in tlio f-isc, !■: 
example, of a ii'.i.xiuix' of aailinc, jm-thylaniliiie, aud dinietliylanilme. \l 
liases are left witli e.xee.ss of the sulphonyl ehlorido and aqueous poinsr!;::: 
hydroxide (12 [-er eont.) for S(‘venil liours, Tlie whole is aeidiiied. film-'-- 
and the tertiary ‘base (dini(‘lliylaiiiliii<'} roeoveivd from the arid solinluni!' 
the addition of alkali and i-xtrad ion with ether. Tlie residue- is wiino ■ 
ou the wuter-hath with exces.s of arpieou.s potus.sium liydntxidf mail i-.; 
unchanged sulphonyl ehlori-le lias lieen deeoinposed, durin" whii.li nr- 
the derivative of the pritnai'y base (juiiline) dissolves, leaving the deriuii!-.' 
of the sceoudiuy base (methylaniline), which may be weighed and idomr- ■ 
hy rnerystallisatioii from nietliyl alcohol, etc. Finally, flu- dejivaiive 
tlie primary base i.s jireeipitnted from the alkaline solution by hydredii-.'!- 
acid, weighed, and recrystalh.^ed froiii methyl , alcohol, dhis jiroces- i--^''. 
applicable to ha.s^is which rmiet reudi'ly witli tuluonc-p-suljihunyl clilci." 
iindor the cuiidiLiuns ineiitioned. 
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tit 124 /10 lion, fliis baso, wJiifli doos not 
to have previously been doserihed, wa.s di^a-sted with 
and a .solution of iiotussiiiin hydroxich* in iicetoiu*, when 
it yielded ^ 'KiH-'Od'H./CifyX.Mcldi, 

^viiieh crvstallised from metiiyl alcohol in eolouiiess prat(‘s and 
idled at 73 — Tfr (Found; C-S2-2; H --(>•<); X 4 - 9 . 

require.s C 82‘3 ; H ^ (id); X .V() per cent.). 

Aclion of .i-ChlorofiJujl Toluenr-])-,vil]ikonatf' ou Benzijf Alcohol 
Fomalion of Benzijl ’^-Chloyodhifl Ether, ( VfyCHrO-t'Hyt'iidl 
Til tiie preparation of tins sub.stance, benzyl alcohol grani.s), 
the cliloroethyl e.ster (72 grams), .sodium liydnixido (13 grams), 
. 111(1 water (SO c.c.) were continiiou.sly stiircd and heated on tlie 
water-bath for four hours. On distillation in st(xim, hritzijl rhioro- 
(//(/// cthor passed over as an oil ])o.ssessing a ]jr(mounced iidour of 
oranges. This wa.s extracted with benzene, weighed 1.7 gram.-<, 
iuid distilled at Do— IIO'^/IG mm. 

Aclioti of DiciJujlamiuc—Jn .studying tills lnt(‘r(\sting action, 
liojizyl cliloroethyl ether (D’d grams), dissolved in alcohol (1.7 c.c.). 
wa.s mi.xed with dicthylaininc (S grams) and licated in a .scahal 
tube at 130— IDO'' for eight liours. Tin* pi'oduet wa.s acidillcd 
and distilled in steam, but very little oil jia.ssed over: sodium 
liydro.xido was then added and the distillation contimiet!, when, 
alter extraction with lauizi'Mc, a liase (7 grams) was olitaim'd 
which (listil]('d at Uti" 12 mm. (Found; ('=:i--70'l: 41 -- 10 ' 3 : 
.\-(j-7. requires C 7.7-4; H ^ lU'l ; X (r 7 jier 

cent.). 

Afhnzi/loxylrM^^^ ^^‘^hCliyCMyXKt... is .^jiaringly 

.sdiihle in water and yields readily solubh' salt.s with liydrocldoric- 
and sulphuric acids. V\ lien tlu' base is wanned with etlivl 
indide, coJiibinalimi takes place readily ami ';^-bf}r^>ih:>xiiUtr(uih>fl 
mmonuim. iodkic, ('J-fyt4iy()d;HyC’HyXF t^l/st-jiarates as a white 
snlid. whi(di erystalUse.s from acetone in eolourles.s idates meltimr 

iit 10.37 

Wc are indebted to the British Dyestutfs (’orpuration for per- 
i'iwsiori to publish these results. 

l>vsu.N Pkriuxs l.AUon.cToav, 

Jtcairui, r,hn:,/r;/ e-://,. 
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LXXV. — Emg-cJiain Taittomerism. PaHL ThtOccuf 
fence and Effect of Keio-enol Tautom€ris7n 
a Ring Comfonnd mid its Ofeji-cJiain Isoweridp, 

By George Armand Robert Kon, Arnold Stevenson, aijj 
JocELA^N Field Thorpe. 


The work whieli lias been carried out in these laboratories durirr 
the past seven years has shown conclusively that the angle betwee 
any two valencies of a carbon atom is altcivd profoundly bv ip 
attachment of groups to the remaining two valencies or bv tlid* 
inclusion in a cyclic complex. Moreover, it has been proved tha' 
the alteration of the angle affects to a marked degree the reaciio^ 
of the substances in which such alterat ion occurs and (hat the gentL;: 
effect reveals itself in quite a number of characteristic ways, 
of these, and one which appears to afford an easy means of detcetiiv' 
the effect, is supplied by the formation and properties of tlio^ 
derivatives of acids belonging to the glutaric serie.s which mavle 
regarded, in an empirical sense, as having been derived from iL- 
acid by the replacement of two of its hydrogen atoms by an oxvgo: 
atom. There are five structural isomerides of this type, if it jj 
assumed that the two remaining valencies of the p-carbon atom an 
attached either to groups or arc included in a cyclic complex, anl 
these may be formulated as in I, IT, 111, and IV. 

It is evident that all these forms are mutually intcrconveitihi 
through two hydrated forms thus : 

CO'CO^H .H.o _n^o C(OII)(CO,H)-U 

>0 >C >C 

OHa'COaH CH^’CIO^H W 

(1.) {aa-Ht/drali‘d form.) (IK.) 


{Keto-acid.) 



{a-H 



* This formula is discu.ssed on page 055. 
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the two hydraiecl forms being interconvertible only through the 
ring form (IV). 

The changes represented above involve the alternate addition 
and elimination of water, but it is evident that they can also be 
regarded as tautomeric changes * of the kcto-cnol type, provided 
that the atoms forming any of the potentially tautomeric systems 
are sufficiently close together to enable the mobile hydrogen atom 
to pass between the oxygen and the carhon atom ooneerned. For 
example, keto-enol tautomerisin (chain type) is rejjrescntcd tlius : 
'l^pe A. CH’OiO ^-::r 0:C-0H 

and it can he assumed that if the conditions vbieh allow kcto-enol 
taiitoinerism are present in an opemehain and a ring compound 
that is to say, if the distance apart of the atoms forming the tauto- 
meric complex of the keto-enol type A is eoniparabie with tliat of 
the atoms forming a potentially tautomeric system b(,‘lveen an 
opm-eiiain and a ring compound, the possibility of the occurrence 
of a new type of tautomerisin, ^vhich may be termed the ring- 
cliain type, arises. Two examples may be given in the ring-chain 
typc.s B and C — 


C(Oiii.o.oc — 


HO-OC 


1 

c:o (JH, 


C(OH).CH = 

and it mil be noticed that liic intcreoin-eitibililc- of tlie substances 
mentioned on page (i5u may fall nithin the tautomerism of cither 
one type or the other — 

m >C<CO-<-’O.H _ ^,p.C(OH)(CO.,H).t) 

CH-COnll -r-n u ^ 


on.. 


CO 


Type B. 

■luestioii that, under favourable couditions, 


Typ 

There can be 

V-UII Ut. lio vru.tOLHMl LJifll, Ul 

t.iutcimerism of both types B and C can occur. For example' 
^onnsmilutLu’"”' -‘-convertibility of the a- ,and ,2. 


«l[ ihaiigo Ijciiig rcnT-sibl,) isomeri'e dmngr, 

‘Without tiic aid of oatalvst-' in T state with or 

Towing taiitoinerism ^ Sr 1^1 i imxuiros of llie individuals 

- cal J isom“ t the subsuinces 

■umocl by one roarrenf individual to another is 

arc regarded as 

t-gaiuen as, isoineric and nut tautomeric 
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Another good example is that supplied by tim opianic acids 
{/ft-opianic acid) (Farghcr and Perkin, T., 1021, 119, 1728), andliy 
4 : 5 *diinethoxyphthalonic acid,* substances which exliibit 
isni loading to precisely the same kind of reactions as those showi. 
by isatin, tlie tautomeric cliaracter of which is not open to (lUestK.ii 
The sole ditference between the two ty})es is that the one is accoiti. 
panied by the fission of the ring and tlic other is not. 

Tautomcrism of type (1 has been recorded in the \^e]l-kno\vii 
anthrol-arithrone change and also in the transformation of opr,. 
tricyclol into enmplienilone (Lipp and Padberg, Bc)\, UJdi. 54 
[B], i:i27), although in this case the reverse change, correspoiulincr 
with the reaction mentioned on ]). OoO, lias not yet been effected, 

We were led, in the first instance, to investigate tautomcrism li 
this kind on account of the discovery of a remai'kahlo snijstaiiff; 
which was produced during c\[)ei-iineiits having for their ohjco 
the determination of the str-ucture of substance \'i, which Koii 
and Stevenson (T., 1921, 119, 87) prepared in accordance withtlic 
scheme — 


I 


CH, 

Y^^^CMc-CH./COon yjftr 
/ /CH, 


CH, 

Y ^nie-CH^-CO^H 

/ \ 

CO 


(VI,! 


CO.H 

Tlie proof of si rue lure of this compound was determined by io 
ultimate oxidation to phthalic acid, hut it had lieen noticed that, 
under certain conditions described in the experimental iiortioii, it 
wa.s transformed into an intermediate product, melting at ITk, 
Avhich, in its reactions, behaved as if it liad either of the two foninih 
VII and MI I - 


m, ClI, 

l /'\ /CO ■ ■ l„ /X /C(()H)-0 

I'O (VII, ) Iv (VIII.) 

{('olound Joi'i/i.) [('(>lo)irl(f('<Jonit.) 

Thus, among reactions to be described, it combined with e-phomkito 
diamine to form a quinoxaline in accordance with MI, and yim' 
with acetyl chloride an acetyl derivative in accordance with fllb 

* We are iiiiormcyl by OroMvssor W . H. rcrkiii (private cDiiiiiiunii alio- 
that the eliange ketonieid —■> liyflroNV-laetune is efiVeteil by dryii 
first-nuined, \vLi(.;h crystallises with 2ik/), in ethereal solution \nili 
sul[)!iate. The charig.; liydi'uxy-luctnne — > ketn aeid is bronglit 
alkali. There is tiius no evidenc-e at .pre.seiit to show fliat the intt'Hl'a!.. 
is reversible in the sense required by tlie dt.’iiuii lori of tautoineibin gnui* 
p. 051. 
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When oxidised with hydrogen peroxide it passed into the tribasic 
acid, 

(IX.) (o)CO2H*CgH4-0H2-0MG{COaH)'CH2-0O2H. 

The most remarkable property of the substance, however, is shown 
in its behaviour towards solvents. Its solution in water or alcohol 
is colourless at the ordinary temperature, but acquires a marked 
vellow colour when warmed. The colour disappears when the 
solution in agahi brought to the ordinary temperature. In dry, 
iion-hydroxylic solvents such a.s benzene the same change occurs, 
although the discharge of colour is noticeably slover. It seems to 
us that the only explanation of these phenomena must he ba.sed on 
the assumption that the lactone form (VIIT) is colourless whilst the 
(likelO'form (VII) is yellow. The solid, colourless form melting at 
nr is the single lactone individual (VIII), but in .solution it at 
once tends to form an equilibrium mixture with the diketo-form 
(VII). In water at the ordinary temperature, the amount of the 
diketo-forin in the equilibrium mixture is too small to be detected 
t>y the eye, but a^s the temperature ri.<es more of the coloured form 
is produced, to disappear again v hen the temperature falls. The 
change must therefore he one of ring-chain tautomerism of type B. 

Owing to the alteration of colour which accumpanie.s the- tau- 
tomeric change and by which it can be mea.sured, the compound 
should pro'xf! a valuable .snurct' of information respecting the in- 
fluence of temperature, solvents, etc., on tliis type of tautomerism.’ 

Tliere is still another remarkable renetioii which the .substance 
melting at 171° undergoes. On boiling with dilute caustic alkali, 
the marked yellow colour of the solution .soon disappears, and the 
jirodnct is found to be the alkali salt of a new acid melting at 187\ 
Ihi.s acid is the lactone of a dibasic acid and is isomeric with the 
acid melting at 171°. The reactions of the new acid show that it 
[xcsscsscs the struct arc X, and its formation can bo represented in 
the following way — 


{ ''CiMe*CH.,‘(.'0.,Na 

-X /CO 

(JO 

(XI.) 


0^2 

T'Me-tJH-CO.Na 

./C{OH) 

00 


OH.2 

, / C:\IedJH-CU 

1 I 

\/V OH 0 

CO.H 

OX.) 

A A 


^X>L. CXXI. 
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Owing to the fission of the six-mcmbered ring during the iiiiaUtaji- 
of the reaction, it is impossible to say if the interchange is reversilsif- 


(XU.) I ! 


CIIjj 

\/CO 

CO 


CHa 


CO 


CMe-CH-CtU 

C(OH) 


However, when taken in conjunction with certain other experimei.'. 
wiiich are now being carried out by IHr. Oeshapandc of tills lato!';). 
tory, which will shortly be puhlislied, and which show that ib 
change — 

‘^!2H5xn--CO-CO,H C(OH)-C(),H 

can be cflfccted in the presence of alkali and is reversible, ilicnt'd:, 
be little doubt tliat, could the intermediate product (XIIl) I, 
isolated, it \\-ould sliow tautoinerism of ty])e C with its isotiiuiC 
{XII). 

It follows therefore that this truly remarkable substance nidr:.: 
at 17H can exhibit ring-chain tautomerism of both type B and in-. 
C, the former A\hen the lactone ring is capable of existence amlit,- 
latter when its formation is prohibited by the presence of alkiii; 
It is evident that a sodium salt of formula (XI) can no longer exlib;: 
tautoinerism of type B. 

When the literature was searched for other jiossiblc example ^ 
the tautomeric types B and C, we were struck by the rather curi!'i.- 
properties jiossessed by an acid of the empirical formula { shih: 
which Balbiano {Bend. Accad. Lined, 1892, I, 278; Ber., lSfty 2/. 
2133) had prepared by the oxidation of camphoric acid. 
showed that the acid Cgllj-jO^ passed into a dibasic acid of -■ 
formula on reduction, and this acid was shown to be r. - 

trimethylglutaric acid, COoH-CHyCMe 2 -ClDB-CO,H, ^ IVb- 
and Thorpe, who prepared it synthetically (T., 1899, 75. tb ^ 
discovery which Balbiano liad predicted {Bcr., 1806, 28, 

Tie considered, at that time, that his acid coiitainai ■ 

hydroxyl group, because he was able to prepare both an acetyl an - 
a^ berii'.oyl derivative from the dimethyl ester. He did not at 
stage assign any definite formula to his acid. 3Iahla and Iicm<-.-' 
[Bcr., 1890, 2^ 2151) repeated Balbiano’s work in the W 
obtaining evidence in support of the latter's formula for 
acid. They were able to isolate the acid CgHi 205 , hut 
tohe -^’-kcto-arifi-trimeibylgluturicacid, CO.,H*CO‘CMcy(’HXe' ^ L 
because on being heated it was coin'crted into carbon monoxue^-' 
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iriiuethylsucc'inio ani lydiicJe. They were uiia hie, Jiowever, definiloiy 
ti, o^tahlisli the ketone character of tlie acid, for although they 
prepared derivati\-cs by the action of hyclroxylaniine and of 
p.broniophcnylhyclrazine, tlie comj^ouncls fornnai were iih defined and 
-ivere not analy.<ed. Halbiano, in a final pa])or on this subject 
30, 2Si)), showed that the p-hromophenylhydrazone of 
Mahla and Ticinann ^vaS; in fact, an addition product and not a 
hvdrazoiic. In this paper he puts forward the oxide foi’wula (XiVj 
ds bciiig tlic one juost in accordance U'ith the facts, and considei-s 
liuit its formation from camphoric acid can Ik' represented In' the 
H'licinc 


riU;^lo-(X),H: HOXpio.UOd I CAI.-Oji 

— ^ dn-r^ ■ (XJV., 

rllyCH-COdf “ HO-CIl-COJI CH-CO^ll 

It is a curious fact that lhilbian<» seems to hnw forgotten liis 
rai'iicf experiments, ])roved tli(' pivstmcr of a hydroxyl 

-I'uiipm the dimethyl ester of his acid, but he stales tliat tJieViicthvI 
('ster reacts neither with hydroxylaminc nor Av ith 7;-bromophen3d- 
liydraziiie. 

The <cliciiif of fomirttioti of tlie acid from e.onj.horie acid suggerfed 
l.yBalbiano is reasonable, and the usidc fonnula accounts'’for its 
i.c!iaviour on reduction. The formula is nccertheless an unusual 
eiic, and ha.s as yet found no atialogue ainojig the acids of tlie 
duianc scries, although a great deal of u ork has been done on these 
wrapouiids duiiiig the past Uventy years. -Moicarccje the formula is 
highly improiiable for tiu‘ follmving reasons. Tl,e formation of the 
"Xi'le Iiucst take place througli one oi- other of the theoretically 
I'o-sibic forms of the dihydro.xy-acid (XT) and (XTd) by the 
dim illation of ^\ atcr ; 


Av.) Cyic. 

f'0.,H*CMe-01l 


f.'Mco (xvi.) 
DHdXMed'lUi 

Truii-:' 


■'P itee is ample midcsue 0. slue, |,e v a,- and /n.oc-.forms of 
'‘lb''<lrop--ae,ds of tins typo l.mhave on dehydration, becau,... the 
and /raas.hromolactone esters (.W ifi and (Wm) p, 

TKn-"'fr, Ingold, ami Thorpe, 
camd'’'.; ' m ’? " 1 th alkali through the 

cm. r'V"* to tlie C.'S- and dwes.foiiiis of the 

■iwidmg lactones (X.L\) and (XX). 


A A 2 



656 


KON, STEVENSON, AND THOEFB ; 


COoEt’CH-O 

I 

C5Hi„>C -> 

BrCH'C’O 
(XVII.) Jl. p. uij I 

()0,Et'CH-0 

I 

tVilio'X' -> 

CO-CHBr 

(XVIll.) M. p. (i!j— Til , 


(JOaH-UH-OH COgH-CH'O 

I I 


OH-CH-CO^H ()H*CH1\) 

“ M. j). 14 5^ (XlX •; 

('0.,H'CH-0H COjH'CH-O 


Lyii„>o 

CO.,H-ClH-OH 


I 

W'C’ti-OJi 
^l.p. (XX.) 


There was no evidence whatever to sliow that any tendency exi.vicii 
to form the butyJene oxide ring by the elimination of Avater between 
the hydroxyl groups.'^ The production of a compound having 
Balbiano's oxide formula by the elimhiation of water from a pie. 
1 ‘isely similar dihydroxy-acid in the trijiietliyl series is. therefore, 
in the highest degree unlikely. 

The ketn-formula (XXI) of i\Ialila and Ticmann must nexi to 
eionsidcred, and, in the light of what has been already written, n 
might he expected that the compound would he tautomeric withir> 
hydroxy-lactone isomcride (XXll) (Type K), and also, pussjl.ly. 

CO-OO^H C(OH)-CUH 


^6Me‘CO..H 


CMe, 


ixxill.) 


! i 

- ^ CHe, 0 

i I i 

CHMe'CO.K CHMo-CO 

(XXJ.) (XXlI.) 


with the ring liydro.xy-aeid (XXIll) (Type C). The chief objeenoi 
to this explanation is tliat neither of the tautoinerie iixlivkhwt 
(XXI) or (XXII) can be represented as having been produced from 
eamphoi’ie acid by (he elimination of water from the '/x'-dibydro-vy- 
acid. On the other hand, it is obvious that the ring hydroxy-aeki 
(XXlII) can l)e represented as luwing been produced in this way: 

(TI(OH)-COoH 
C^Me(OH)'CO,H 

If it can he assumed that in .Balliiano s acid there are siructiirrti 
conditions present which render it jiossible for tautoiuerisin tocum 
between the three substances XX I, XXII, and XXIll, explaiiaO"!'^ 

* It iiuist he noted, houo\ei'. thai lioth ))ro molar.' tones yield 

on tieaniw- 

cpiamitif’s of tlie hydroxy-ring acid, 
with strong 'dlUali [(tx. eiV., p. 1 


/C(0}-1)-(HU1 
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are provided, not only for all thereaotions of Balbiano’s acid hitherto 
llesc-ribed, but also for those Avhicli are recorded in this paper. 

[n the first plane, it is desirable to ascertain if it is justifiable to 
a<<uiJie that the change 

OH{OH)- 00 ,H C( 0 H)-C 0 .,H 

>(;' ' >S 

^ (’ITyCtXH 

j. iiknly, and in this connexion vali]al)le evidenca* can Ik* obtained 
i,v c'onsidering the reactions and the methods of formation of Ifie 
krtoglutaiic acids. 

The first a(fid of this series to ])e pr(‘])arod was '/-keto-rifi-dimethyb 
irlutaric acid (XXI V), which was produced by the action of alkali 
i,ri ethyl hydrogen dibromo-ri^-diinethylglutarate (Perkin and 
Thorpe, T,, 1001, 79, 729). At the time it was assumed that this 
(libroiuo-salt was the ax-derivativo (XXV) entirely because it 


Yielded tlie keto-acid in the manner dcscril)cd : 

CBi^-CO JF 0(0R)y hi CO-CO, H 

CMcs (Ate, 

CHa-COJI CHo'UOJI ('Bj-COjK 

(NXV.) (.XXIV.) 


There is, as it happens, no need to make this assumption, for In 
all prohahility it was the xx'-dibromo-derivatlve which roanterl either 
in iHTordancc with tlie scheme : 


^-C(OR)-C(),K 

"'^CR'COkH 


C0-C‘0,H 

C^[(^, 


r|IP,r‘C(),H (!R(On)*CO.>H 
i;Me, c'aIc, -h- ('Me 

i'llBr-CO,H ('Ff(OH)-('(XH: " (’H.eCO.,R. 

'i!' with the intermediate formation of a 1 -bromocye/opropanedi- 
oii'boxylic acid in ])]ace of tlie dihydroxv-acid. 


Tiiis follows, not only because the formation of other asymmetric- 
;dh brominated derivatives of the glutaric acids has not since been 
"bsorved despite tlie numerous acids of this group wliich liave 
licen. brominated, but also because in the \'ery compreliensive 
experiments of Ingold {1\, 1921, 119, 300) it is clearly shown that 
the reaction 


CHBr-COgEt 

CH, 

t.RBr-CO,Et 


‘ ch-co;h 


-> CH.,<' 


(■(ORlo-COgll 

‘ch2*c6.,r 


o(cui5 ill the pre.sence of alkali. Tlie possibility of the formation 
the keto-acid from camphoric acid is thus established. 

‘gam, one of the most characteristic reactions of Haihianoxs 
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acid is the ea^ie witli which it is converted into carbon monoxide, 
and trimethjdsuccinic anhydride when it is heated above its mehir^-, 
point. This decomposition, which is shoxni by all the so-calhs 
kotoglutaric acids ■whicli we have examined, is not quantitativr- 
the percentage of carbon monoxide evolved varying in every ca^.. 
but always being less than one gram-niolecnle. With eoneentrau,- 
sulphuric acid siiviilar xarying results are obtained, although vh!], 
this reagent the amount of carbon monoxide is ulwa3xs iu excess r.f 
one gram-molecule but is never o<{ual to ttvo, the figures olnaliiHi 
being embodied in m ta.bh' given on page (ICo. The course of i;;(- 
reaetions h_v which a hydroxy-lactone of formula XXII is convertoi 
into carbon monoxide and the anhydride of the aeifl next lower iii 
the series in the alissmce of reagents can Ix' readily understond ifji 
is assumed that dehydration !>c<-iirs first and lluit tl>cn c;!!!., 
miuutxidc is e'iminah'th thus : 

OH OH 

I ! 

i \ — (dO 

! 

OMe. 0 

(!HAFe '('<) 

A decoinposiliuii of (Ins kind cantnit lu^ explained on (‘itlier a kciii- 
foriiuita or on a liydroxy-ring strinduie. and it ean tlu'rcfoiv i)-' 
assumed that tlie amount of an acid, whi(Ui, wlum Inated aioiK’, i- 
r-onverletl into carljon monoxide euid tln^ anlgvdride <;f liU’ acia wiw 
lower in Hie scries, is a direct mcasuic cd' tlu' anunnii cf liyoax.v 
lactone present under the experiment a I (‘onditions emisicyi-d. 

Tlu' rtxison visv the amounts of carbon monoxide (o'oived \u. ii 
tlie acids arc trixitixi with concirntratcd snlpimric mb! arc ahviv- 
less than fa’o giani-tmdccules and grimter than mic i-- ai 
an open (picstiun, altiioiigP it niu.-t br pointed out that an adopr: 
(‘Xplanation i'^ |>ri)\'id(s! if it is a.^sumed tha! the concenmi'!'- 
sulpliui'ic acid first convei'is tlie hydroxy-foi'm piesent uiuicr i::i' 
cxperirneniai conditions used into carbon monoxide aiM dc 
luihydi'ide of the next loxer Iiomologuc- an assumplioii wiurai- 
warranted bv tlie fael that the anliydride can alw.-pvs be (jhiiiiiio! 
from the product of tiie ivaction and tliat liic ivsiduc utluTtiU" 
the anlu’dride is then acted on by the concentrated acid to !-' ■ 
t-iram-moleculcs of earimo monoxide. The nature of tlie sco'te 
reaction, and indeed the bidiaviour of kctoglutaric acids gcuei-Cv 
is being investigated, ^ 

It would be very diflicuU to devise any scheme which would ojo- 
the course of the reactions which a sulistancc of 


( 1 ) 

TMe. 0 
hHMe-O) 


CO 

( 'i\re.> 0 ( ■( ) 

I “ I 

CHMe-CH 
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injtvk'iio oxide formula uould bo converted into carbon monoxide 
trimetbylsuccinic anhydride on being heated (sec also Fargher 
Perkin cit., p. 1737, for a description of the conA^ersion of 
4 • ydiincthoxyphthalomc acid into wi-hcmipinic acid by means of 

.ulp{)uric acid). _ 

Xhe best reagent for the characterisation of a-keto-3?-dimetliy]- 
.'[utaric acid was found by Perkin and Thorpe (loc. cit.) to be o- 
" Ivlenccliamine, Avhich reacted in acetic acid solution to form a 

* ffi f 1 CO,H-CH,-CMtvC:N'C' 

,„„lonsatioi. product o£ the formula - - " 


\Vc liav(* carried out a similar reaction Avitli o-phenylenediatniue, 
Slid tiud that in the case of the dimethyl-acid the condensation 
nrodact is rapidly and quantitatively precipitatiai w hen the reacting 
substances arc wurmed. The same is the case Avith other keto- 
(lutai'ic acids Avhich are mentioned in the (experimental portion, 
;tnd uotably with ketoglularic acid itself. Wdicn, liOAvevcr, the 
ivaction is applied to Balbiano's acid, evidence is f)btained whicdi 
indicates the tautomeric character of the .substance. When, fur 
example, the acid is treated ^vith o-phcnyhaiediaminc in acetic acid 
dilution, the conden-sat ion product (XXVJI) is precipitated on boiling 
j'uj' a short time to the extent of apjiroximately dU ].)er ra'nt,, the 
iomaindor being a more soluble substance, an addiLiun jcixluct 
llvXVT), which passes Avlicii heated a fi-w degrees above its melting 
[ioiur into the condensation ])Toduct (XX^T^) ami Avater. It can 
he sliow'ii to bo an addition pi'oduct of type {XX\ i) by the fact (hat 
its aqucou.s solution is acid and that this solniinn does not yield 
o-nhetiyienediamire when rcuilcrcd alkaline. In other Avords, it 

0 not a mere salt of acid and base. Tli(‘ formation of this addition 
jji'uduct, Avhieli l■(s■■a!^s the compounds obtained by Malila and Tu‘- 
aiaim by means of iiytlroxylaniine ami p-firomoplienyliiydrazine, 
i.tketi in conjunetion witli the formation of the true coiiderisatioti 
jimduet of the keto-acid, furnislie.s strong evidence of the tautoimTic 
••haracter of Balbiano'.s acid, the reactions being represented in 

1 lie following w’ay ; 


COHX'OJI yc.HpNU cO-(HUl 

(j . .... C C ( ) ^ 

. “ ! ^ CHMe'CO.,H 

iHMe-CO CHMe-CO„H CHMe-C(;).>H 

JXXVI.)' {XXVIT.i' 

Addition, product, Coutlensntion product. 

file explanation we wish to [luf forward is tliat the changes : 
Keto-a(‘id . Hydroxy iing acid ^ Flydroxy-laetom acid 
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are in the case of Balbiano’s acid tautomeric, that is, reversible ' 
solution or in the presence of eataly.sts, and that whereas the solid 
acid melting at 120° is the hydroxy -lactone form, it reacts in soluti 
or towards reagents either in the keto-form or in the hydroxv-ri 
form. Strong evidence in favour of tlie occurrence of the hydroxy 
ring phase * is provided, not ordy in tlie production of the keto-acii 
from camphoric acid ali’eady discussed, but also from the occurroncf 
of an acetyl and a benzoyl derivative of the dimethyl ester described 
by Balbiaiio. Tlie dimethyl ester prepared by him is a suhstaiiec 
of detinite boiling point, and the analytical figures show tliat it i 
the dimethyl ester of tlie open-chain kctonic acid (XX 1). and noi 
the methyl ester of the hydroxy- lactone acid (XXII) as suggesi^-d 
by Mahla and Tiemann [loc. cif.); moreover, Balbiano’s figures for 
the acetyl and benzoyl derivat ives do not agree with those required by 
the respective derivatives of t he laHer methyl ester, but agree luuci 
more closely with those "which would be given liy the correspond] iiir 
derivatives of the dimethyl ester of the cyclic acid (XX J II). It will W 
evident that the formation of the dimethyl ester prevents tautoiiKT- 
ism of type B, because the necessary mobile hydrogen is iac'kii];r 
If we can assume that taiitomcrism of type C now comes intoplav, 



^ /C(OH)-CO 


the formation of an acetyl and a benzoyl derivative can be cxplainE-d, 
il is evident that mucli more work remains to bo done before tlicM- 
ini])ortant questions can be settled. Bevcrsibility or non-reversi- . 
bility, tautonierism or isonun'ism must certainly be fimctinnsof 
tlie distance apart of the interacting (‘Icments, or, in other words, 
of the tetrahedral angle of tlie complex involved. It would appear 
that in tlie trimethvl-siib,stituted glutaric acid and in the diketnik- 
of formula (\TI) there is present just the necessary condition 
enable tautonierism of both type B and type C to occur. In Imv. 
fai‘ this is true of other substances experiments which are now in 
progress will determine. 


Expert m e n t .a t., 

iMctone of a{iA-Kcto-2'hydroxij‘'^’melJi}jltcirahiidwiia ]>fi(h(dn\<-'^- 
acetic Acif] (VIII), 

Ten grams of ac - 1 -kcto-3-mcth\itctrah}'dronaphthaIenc-3-ac(‘tio 
acid (\1) "Were dissolved in sodium liydroxicle solution and a 1 per 

* Tlierc is, at pff.sent, no nvidfine to Rllo^v tlmt llie chanm-'s in 1lw' 
of the hydi'u.\y-riiig acid uro reversible. Jt inu.st be remeinbercfi. In'jv.tu'c 
tliat the change keui-acid -hyclroxy-ring r?,ci(l lias liccii shown to be iv\ i'mI"- 
in the case of tlic diethyl neid (.sec p, (io4). 
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cent, solution of potassium permanganate added until tlie colour 
persisted, the operation being carried out at about 10^ After 
destroying tlie excess of permanganate with sulphurous acid and 
tiltering, hydrochloric acid was added to the filtrate, when a copious 
precipitate was formed, yielding 10 grams of the crude jiroduct. 
On dissolving in hot dilute alcohol, the solution became yellow, but 
the colour disappeared as the solution coolc'd, and the substance 
scpanitcd out in large plates, which shrank at 168' and ineltcai at 
171". This yellow' colour is noticeable, not only in water, but also 
in iion-hydroxylic solvents such as benzene or acctoius A dilute 
aqueou.s solution, for example, is colourless, Imt becomes markedly 
yellow when boiled. On cooling, tlie colour i.s discharged (I'oiind : 
(’ -eidS; H - o O^ghlj.^O^ requires C^-()7‘23; H = 5*21 
per cent.). The lactone does not clTcrvcscc with afjueous sodium 
liyclnigeii carbonate ; it dissolves in concentrated sulphuric acid 
to give a bright orange solution, but on dilution HjC eoiour disajipears 
,i:k 1 Ihe original compound is reprecqiitated. The nilver salt, which 
must be that of the tautomeric dikctonic acid, is somewhat soluble 
in water and should be washed with dilute alcohol (Found : Ag 
;il-3. CiaHj jO^Ag requires Ag =- 3 1 '83 per cent.). The ima-euric, 
lead, cupric, chromium, ferric, and ferrous salts form readily in 
the cold from the ammonium salt, whilst the Imrium and calcium 
.-(Its are soluble belli in the cold and on w urmiiiii. 

The lactone was also obtained by lieating tiic parent subslanec 
i\’i) oil the steani-liath with TiO per cent, nitric acid until fumes 
eca.'^i'cl to be evolved. On. evaporation, a solid residue was obtained, 
ivliicli after purification proved to be identical with the compound 
prepared by the method described above. 

Vhe acclijl derivative of the formula in accordance with Vlll 
ivii.s pre]Kired by heating under reflux 3 grams of the substance with 
10 c.e. of acetyl eliloride until complet{‘ solution took place. On 
evaporation, there remained an oil, which solidified in a vacuum, 
yielding 3 grams of crude iiroduet. Fecry.-^talliscd twice from 
eiloroform, it formed thick, square plates, whii-h melted at 142^ 
iFoiiml: C--- 6.5 04: H , ■or, uiirs C - Co-47: 

n - oT4 per cent.). 

^hi^imnoxallnr derived from \T I was obtained by heating 
together alcoholic solutions of the lactone (1*1 graiiLs) and of o- 
luein yriechamine (0*.) gram), a precipitate forming as ihe lii|uid 
iMh^ .. place slowly iu the cold, and in 

ril‘ I ykdds are obtaimal, On recrystallisatii*]! from 

Tt^JGoxaline separated in plates which sintered sliglillv 
X (Found : (' 74-()9 : H - 0*3(0 

^'la^licOoXo requires 0 74*!):); If 5*21); X ^ !i*21 
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per cent.). It is a monobasic acid, thus showing tliat the carbojvl 
group of the original compound is not affected by the reactiori 
[Titration with X /10-sodiuin hydroxide. Found : 13'20 c.c 

Calc, (monobasic), 13‘05 c.c.]. 

The semicarbazom was prepared by warjiiiiig an alcoholic sohtioii 
with semicarbazido acetate. On keeping, a dense yellow prccipiiatj. 
formed, which on recrystallisation from alcohol separated ijj 
yellow plates which melted sharply at 212 ° and then deennipoj^,,: 
(Found : X ^ 14-89. 01411 ^- 04 X 3 requires X — 14-53 per eeiit;!, 

The o.riwe was readily formed. Kecrystailised from dilute alcolinj. 
it separated in minute prisms melting at 183° (Found : X -- ;V 7 :; 
^'13^13^4^ requires X = o'67 per cent.). 

A 'p-nitrophcni/lhiidrazone was obtained by heating under leliu.'; 
for eight hours alcoholic solutions of the lactone and of p-nitroplanvl. 
hydrazine. On diluting and rubbing, a brick-red prccipitat.: 
formed, which on re-crystallisation from alcohol separated in small, 
thick, orange plates melting at 1 80^ (Found : X = 11-65. 
requires X ~ 1 1 '44 j ler c e n ( . ) . 

0L'oX'(U'hor>ilM nziil-y.'mfih}/lsi((rin 5; dehf (IX). 

Tlie oxidation (o the almvc tribasic acid was effected by dis.Milviin' 
1 gram of the lactone in sodium carbonate solution and raklii.:: 
35 of ;; 6 per cent, solution of liydrogen peroxide, when lli' 
yellow colour rapidly disappeared. After sixteen hours the solutK-ii 
was acidified uith hydrochloric acid and extracted with ether, tk- 
ethereal extract yielding more than 1 gram of crude acid. On 
dissolving in water and then adding hydrochloric acid, it 
precipitated in inieroscopic prisms melting at 187° uitli violnii 
({eeompositiun | Found : C = 58-68; H — 5-65. Cj 3 H^ 4 ()(.reqimr 
(3=r=,>8‘62; H = 5‘30 per cent. Titi-atiun with X . 20 -sodiiin'i 
hydroxide. Found: 21-8 c.c. Calc, (tribasic), 21*0 e.e.]. 

Lacfuiic: oj 3-// ydro.ry-2a)-cur6o,rykH.:y/-2- w(4/qy/cyel(vao;<f/c' ■ 

l-carboxyl'ic Acid (X). 

The .substance melting at 171 wa.s dissolved in excess of hk'- 
cent, sodium hydroxide .solution and heated undm' reflux for tva 
to three hours. When cold, it was acidified with hydrochloric ad(i 
and extracted with ether, the etliereal extract giving a 0i»— 70 per 
cent, yield of the crude isomeride. The reaction takes place dow 
at 20 °. Kecrystallised fj’om water with the additicui of a few clrop^ 
of alcohol, it separated in small plates melting at 187—1 S8' (iuun'i ■ 
C 67-02 ; H — 5’3S, requires C ^ 67-21 ; H ■>•-1 

per cent.). On adding .silvei- nitrate to a neutral solution of iIk 
ammonium salt, the silver salt of the corresponding dibasic lndK'^’} 
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ja iii precipitated, the operation being bctsl carried out in the 
[presence of alcohol (Found == 46-37. Oi^HigO^Ag, requires 
4(i-ol per cent.). Unlike its isomeride, it effervesces with 
Uqueous sodiuin hydrogen carbonate, and the barium and calcium 
Ual:? are precipitated on lieating, the salts of the Iieavy metals 
dicing, as before, readily formed. It does not react \vitli semi- 
^carbazide or acetyl cliioride. 

: Jf further oxidised ^^ith 3 per ocint. alkaline potiissiuin perniaa- 
-'Ruite at 100^ both this lactone and its i.soineridc (VIII) pass into 
di .-^ubstance which on recrystallisatiou fj-ojn water melts at 210'' 
diiid lias the empirical formula Uuyllj^O- (Found: (J-^G3-43: 
iji - t'34, Calc., C — G3'40; H --4'10 [;cr cent.). Tlic change 
also takes place slowly at 20 , some days being required for complete 
{cddation. The substance eilef\'esces with sodium hydrogen 
aai’bunatc solution, and titration with .'■.'d 0-sodium hydroxide 
>huws that it is dibasic (Found : IFOr) e.i-. Cale., lU2d e.c.). A 
Oliver salt could not, liowo\'er, be obtained, as this is vei'v soluble 
ill alcoholic solution, so tliat it is impossible to say if it is a 
true acid or a lactone. It does not react with semiearbazide, but 
it contains one hych-oxyl group, sho\\'n by trie formation of an aeetvl 
(ki'ivalive melting at 218—219^ (Found : C — G2-24 ; fl ^ 4*22. 
(V-lIjAV, requires C -- 02*48 ; H 4-2i) per cent.). Further 
iavesligatioii is, however, necessai'v before a (lefinitc sti'ucture can 
!:■' ar^signed to it. 


7-Ak/o-kV/-/?-i///c//gy/..sa(:rnoV Arid [Ikdlunno-^ Acldi (XAl). 


: I'hc acid was prepared in accordaiKa' v itli the directions given by 
h.ilbiauo [loc. cit.). Ine pi-eeipitatc efilained on boiling witli excess 
of calcium eblorido solution was dissol^'cd in liydrodiloric acid and 
(’Atiacted ciiih ether; the ethereal extract was neutraliser] with 


SMihmu Jiydroxidc and again treated with a 15 per cent, calcium 
clilui-idc solution. Tlie precipitate, v liich again formed on boiling, 
vas ircrystallised fj-om water (Mahla and Ticmanti. lac. cd.), the 
Mjiaiating, on {autjoiis eva[ioralion, in ehisle/s of Sjihorienl 
modules. dJicse. uere dissohed in moderately dilute liydroclilorie 
auil and o.x tract ed with etiier, the ('thereal extract yielding the acid, 
^micd, after rubbing with chloroform, melted at 120'' [Titration 

U-ti cw (dibasic), 


addition i'roduct with o-pdienyleiu-diamine {XXVl) was 
q.aec^ u, 1 gram of tlie acid dissolved in water and 1 

aid 0 ^ f-'-phenylenediamine hych'oehjoride in sodium acetate 
I ‘on. On .standing and rubbing, a den.se precipitate formed 
'1 coi not ])o satisfactorily reerystallised owing to its great 
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solubility in the usual solvents. The crude substance, 
melted at 148'’, was therefore analysed (Found : 0 oG’.o^- 

H = 6-82 ; N -- 9'88. 014112005X2 requires C = 56-73 ; H 
N = 9-45 per cent.) . It was not the neutral salt, because its .solution 
was distinctly acid to litmus and it was not decomposed by sodiuij- 
hydroxide solution. When it was heated a few degrees above it, 
melting point, water was given off and a grey deposit formed ontlir 
sides of the containing vessel. This, after purification, proved to 
be identical with the condensation product described below. 

The condensation product with o-phenylenediamine (XXVll 
was made by boiling an aqueous solution of the compound describei 
above, when approximately 50 per cent, of tlie theoretical Cjiiantin- 
separated as a grey precipitate. Recrystallised from alcohol, it 
separated in grey scales which softened at 220“ and melted at 223- 
224“ (Found : Yi-64'60; H-6'27; - 1M4. 

requires C = 64'59; H — 6'19; X — 10 77 per cent,). 

The method adopted for estimating the amounts of carlm-; 
nK>rioxide evolved was to heat the- acid in a small rcsistance-glav, 
tube provided with inlet and outlet tubes so tliat the gas could 
swept out witli earbon dioxide-. The carbon monoxide given nfi 
was collected in a nitrometer over potassium hydroxide and identi- 
fied sometimes by ab.sorption in cuprous cdiloride and somctimi, 
by ignit ing tin- ga.s. The amounts evolved per grain-niolocule (i! 
acid when the acid Avas heated alone and in the j)reseric(‘ of siilphurn- 
acid are given in the table below. In the lattc-r case it was i'oui:'! 
that the residue contained trimetiiylsnccinic anhydride— showii 
by pouring the mixture on to ice and extracting with ether, th*' 
ethereal exti'act giving the corresponding acid, which, after \w<: 
crystallising from chloroform, melted at 149-5® [Found ; (t ■ - 52'(]b 
II :::= T’oO. Calc,, C — 52 '4(3 ; H — “'ofi jx-r cent. Titration wit!, 
X"/20-sodiimi liydroxide. Found: 9'30 e.e. (‘ale. (dibasiw 
9-45 c.c.]. 

Olh(.r Kf'tO’acids hrtxuiliydUd. 

a. y.‘K(fo(jlntaric drfd.- The o-phenylencxliamtne condeasritieii 
product was prepared by mixing 1 gram of tin- arid dissolved n: 
water and O'S gram of o-plienylenediamine hydrocliloride insndivii- 
acetate solution. A eo|)ious wliite prer‘i])itate formed rafudh i- 
the cold, wdiieh was very s])aringly soluble in ctliyl or ineili}- 
alcohol and insoluble in hen/a-nc-. Kccrystallised from gtx'Wi 
acetic acid, it .separated in small needles which iicgan to darkeiio' 
140“ and melted with decuin posit ion at 155“ (Found; X 

OiiHioOjXa requires X — 12-84 per cent,). 

b. y\rid . — The e-phein 

■ diamine coiideusatiuu product was obtained by gciitl} 
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solutions of 1 gram of the acid in water and of 1 gram of o-phenylene- 
.(iamine hydrochloride in sodium acetate. At about 60“, reaction 
took place, causing the separation of an oil, which solidified on 
(. doling and yielded grams of crude product. Kecrystalliscd 
fruia diinte alcohol, it formed small prisms whicli melted at 237' 

I Found: C = G3'ol ; PI^5‘8(i; re- 

tpiires 03'3b; ]I = r)'7J: X 11*38 'pjjj. 

(irnsation product, which i.s formed by the elimination of 3 molecules 
uiXvater. titrates with A’/dO-sodiuin hydroxid(‘ as a iiHmo)}asic acid 
iFuimd : 845 c.c. bale., 8*40 c.c.). 

The residue obtained after heating tlie acid with suljhiuric acid 
(uiitained dimethylsuecinic anhydrkh*, thf^ eoiTes]joiidi]tg acid 
iicitiu olitained in tJie inajmcu* descanbed aljove (bound : (' - 4l)-43 • 
H 7-44, Calc., 0 - 4l)'2S; j[ (492 jxn' cent.). 

Jed/.— Sufficient material vas not 
iivaibihk for the formation of a conden.salion product with o- 
jtlicnvlcncdiaminc : (1 k‘ results (jl)tainod on heatiiur are given in 
(lie hihlc helow. 


oj rO evolved front 1 ijOtt,! -ntohrnh' of field in h'he.'i 


BaUiiaiin's acid 


U ifliout 
ILSO,. 

HoSO, 

a lO/to^lntiinc acid 




up.dJihvdroxy-.flg-dinird li Oi^Iuinn 
c-Kcr(t-3^-dicf liylgUitaric acid 

ic 

lC-1) 

lid) 

.‘toil 

;{7-ti 

:ts-') 


'!'li( ci'v foi' iHi(‘ CO 


Wc arc iM(i(‘bt(J to the Chemieal SocicUy for a gram \vhi< h has 
lurtly defrayed (la* cost of tin* juateriais used in lln^ investigation. 
Imim-iiiu. Oolluck or Scu .; ns k A.si) TKoirvuLOt^v. 

Sci re Kr-xsiNOT(*N, S.W.7. Rerrlvni F nt h\th, 


L\7VVI.-.S7i«/!c.swC Part AT. Almrption 

‘'Spectra of aroj/wV/p hi Varioii.<: 

hohailf;, in the SJiorl Infra-red Region. 


I’>y Hen-ry Ai-stln- Taylor an<l William C'n).MORE 
MoCuLLAGH l.KWX.S. 

Ir'tlifr'r* ‘he radiation I.ypothesia of ordiimrv 

lAMiim-' 'T ‘’‘‘'-Sopod in earlier papers of this series 

•adiation eh ehiinge is due to a specific frecjuency of 

aiacteristic of the substance involved, introducing 



TAYLOR A\R LEWI^? t 


ncG 

the c>onee])t of activation inherent in ]\lareeUnh’. statistical Uf.- 
nient, and combining Afiirecljn's nation for the critical iiicreiiit'' 
<u’ energy of activation with the radiational equation based on c 
above assn nq it ion, wv aic u'‘il of in‘cessity to a relation for tliei'a 
processes whicii is identical witb that of Fanstein for pliottX'hemi-.^- 
processes, nanit'ly, that one c|uantuj]r of emn’gy of the cliaractciisS 
frequency i' iii\ ol\'ed is nt'cessary to (teeornpose or activate 3 lX,,,;, 
molecule (compare Part T.. 1 !U(i, 109 , 790). From the nii]iic]i. 
values of critical increments (which are obtained direcHv h.-j. 
measurements of tie.- temperature cociiicient.s of velocity constant, 
together with the above relation, it is possible to calculate the act 
ating frequency or wave-length. Such calculations show tixa-' 
the majority of reactions tins lie.s in the short infra-red. 

Hitlicrto no direct ('vidcnce in favour of this conchrsioa j,., 
been avaiiui)le. The present measurements were carrlc;] o'-ii • 
test directly the abnY(' mode of (‘ahmlation, and the princi|)leinv',;v:- 
therein. 

F X p n p. T M I- \ T A r.. 

The measurements consisted of a series of determiiia; Mas f|:. 
optical absorptive capacities of a number of substances in ilu-.ji ;• 
iiifra-rcd region. Fi’i'iiininary work having shown that witii ij. 
uu’thod employed (^e/- ("//'c/) it was im[K)ssil)!c to nb(,Ti i 
extinction coeriicieiUs ilunii.-adves with sufticient preeiq<;n, .sf-.. 
is laid only on t!i(' exactness (d hxaition of a hand head. .\ {gi, 
tivc ratJier tlian a (piantit:itiv(‘ significance is to be atladioi ■ 
de]itb of bands exlubitcd in the gi'apbs. Comparison, wiierc pa-iii ■. 
witli the resnlLs o!)laiiied by others, notai>ly by Coblont?. C’ bvo-' 
gations in the Infra-red," Carnegie' Institute Pu’olications. IT 
1 to b, lOdd), showed that Cue location of a band wa.s coiTcc!. 

The reaction studii'd was lin^ decomposition of {ri('thvisul{)!i irii 
bromide, the kinetic, s of w liii-h bad bei'n previously mcasuivf 
von Ifulijan {Z. /de/.a/wd. iDOb, 67, 119) at various tear' 

turcs and in vari(ms solvents. Tiie reaction was found to be unirin. 
cniar. and from the tempcratuTc coclficicnts of the velocity coiispiv 
in a given solvent tlie frequency of the absorbable racliatiec. vo 
calculated in the manm'r indicated above. At this caieiil'iv- 
frequency or wavc-lengtli, an absorption band should aisiiC'- 
itself due to the solute, when a solution of the bromide in tlic-'d-''’ 
concerned is c.xaniined in tlie mamicr described below. 

The mcasuroinents recorded in this paper were made >nr;i 
Hilger infra-red spectrometer, of range O-5/i to 10/w using as soir;’ 
of illumination a Xerast glower consuming 0*9 ampere on a b- 
volts circuit (battery of accumulators), the current being 



STUDIES IN CATALYSTS, PART W. fit)7 

constant by means of a sliding resistance. The iiieasuring 
instrument used was a radiomicrometer, assembled according to the 
dctiuls given by H. C. Jones (J. Amer. Ckem. Soc., 1915, 37, 786), 
Tin* absorption cells em[)loyed were essentially brass boxes, carrying 
;in inlet and outlet allowing free passage of soh’ent, which filled 
the space between two quartz windo-ws, kept at a known lixed 
distance ajiart, Two such cells were mounted on a movable carri(>r 
immediately in front of the rad ioinicro meter slit, the carrier allowing 
rapid ifitcrcharige of the two cells before the slit. By means of 
.tops tlic cells were brought to precise'y the saiUf' position for each 
rrjx'tition of an observation. 

The niethoil of observation Avas to compare tlie transmission 
i)f light of a given Avave- length through cacli of the two cells of 
difirrent thickness, the celts containing the solvent or solution 
under examination. The liquid passed eontiiiuou.sly througli 
(Mch cell. The object of this reneAval of the liquid Avas to prevent 
ulteralion in absor])tive capacity duo to change in temperature, 
an effect AA'liich AA'as found to he of very great importance. The 
magnitude of the transmission was indicated by the (hdlexion of a 
licam of light reflected from a mirror attached to the therm o- 
(■(iiiple. The ratio of these transmissions gave the fractional 
and coTiscquently the percentage transmission of a thickness of 
lirpiifl equal to tlic difTerenee in thickness of the Iavo cells n.-ed. 
The percentage transmission is plotted again>t waA e-lenglh in the 
graphs appended. 

Tiie solvents examined aa^u’c purified by distillation. The 
tik‘tliylsulpIioiiiuin bromide was prepared according to tlu; metliod 
"f Masson and fxirkland (T., 18S9, 55, 135) from powdered sulphur 
and ethyl iodide, the resulting suJjffionium iodide beinfi converted 
into hydroxide with moist silver oxide, AA’lileh was then neutralised 
with hydrobromio acid and crystallised. The crystals were piirilied 
Ijy re|)('atcd precipitation from alcohol solution Avith ether, and dried 
OAcr concentrated sulphuric acid. The exfremekv hygroscopic 
nature of the sab necessitated care nnd speed in the preparation 
of solutions to avoid the presence of Avater. The absence of Avater 
hands in the resulting curves slioAved its absence in the solutiojis used. 

Kach solvent was examined over the range 0-7p— 3’6/- and the 
tiansmission curve plotted. Each aelual reading of the radio- 
inicronieter deflexion AA as repeated from four to six times, the moan 
of these being taken to obtain the transmission ratio. The whole 
>;arAe, in all ca.ses of botli soh’ent and solution, was repeated, the 
n^ut.^ being reproducible to Avithin 1 or 2 per cent, transmission. 
- nj results exceeding this limit Avere again examined throughout 
tlie complete coiirse of the curve. 
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A saturated solution of the bronude was also made and examined 
under the same conditions as for the solvent, this curve being sup^j 
imposed on the former. Any shift of the solution curve re]a% 
to the solvent curve could tliiis be detected. 

The following table gives the approximate coneentralinns 
the saturated solutions cni[)!o 3 Td : 


1= 

’cr cent. 



l’('r cent. 


bv weigfit. 

Xor- 


by weip;lit 

Xc,,. 

Solvent. 0 

if solute. 

tnalily. 

Solvent. 

ol solute. 

iiiaiitv 

\it i'()beii?.ene 

0-4 

.Y/oO 

Pxmzyl alrol 

lol ... 2ti 

-V.S 

'l\‘ti'acl)lornpthrtru’ 

la; 

XjU 

• tcctic lU'id 

1-0 

A’gd 

Propyl ak'ohol ... 

oai 


.Veetone .... 


Y ^ii 

.\inyl alcoho! 

1-0 

.V'2o 

tliloroforni 

I’l 

.V X 


The small eoiic(mt rat ions of tlu^ s(j|utioiis eitiployed, remlcn-d 
uiineees.<arv any correction for the net thickness of solvent, in tiif 
ea.se of the solution, and comparison of the two curves was diivci. 
'the agreement between the two curves from about 'lii onward, 
would confirm this. Turtlier, sincti the velocity of the n'actifin 
at the ordinary temjierature is exceedingly small, no appreciable 
decomp{jsition occurs during the time of examination of the solutiun, 
In case any miglit have occurred, an ('xarni nation of a. solution df 
(dliyl bromide (1(1 ])er cent, by \a.)lume) in nitrobenzene was made 
the only etfect being a .slight shift of tlie .‘T^ou band of nitrobenzc'm- 
towards Since the eonceiitratiou of ('thy I hrojuitle or (fietiiyi 

sulphide, resulting from tlie deeouiposit ion of tlie trielh\d.sijlplinniiiii] 
bromide, in no case amounted (o lb per cent, by volume, lh(‘frtVci 
of deconi permit ion on flic solution cui'vc c(Jiild be ncglecti'd. Tld 
was furtlu'c conlirnu'd by examining the solution of trietliyi- 
.sulpUonium bromide in nitrobenzene alter complete dccninpusitiuii 
had occurred, when it was found tliat tiu' curve had become identical 
with that of 1 he pure solvent. The detailed results for each .solveiti 
are given below. 

yitrobenzeue. The critical iucrement calculated from vim 
Halban's data is found to lie calories, eorresponding with a 

frcrpiency .TOO x 10^'^ or a wave-lengtli 1-Og. The acconipaiiying 
graph (Tig. Ijgive.s the solvent and solution curves (the latter dotted). 
Only one distinct band due to the solute in the range examined 
is seen, nameh , at 1-05'/, agreeing with the calculated value. Thi* 
remaining siiglit inerjualities in the two curves may bo due to 
experimental error, the inaxiinum diiferencc being lc.ss than on*.’ 
per; cent. Althtmgh the band i.s not a deep one, the deviation from 
the solvent transmis.don is well beyond experimental error. 

TeiracMoroeiktne. Thii calculated critical increment of 31,t).Vi 
calories corresponds with a wave-length O'Ol/t. whicli is in agrceiiumt 






670 


TAYLOR AND LEWI« ! 


increment of 33,960 calories nr a vrave-lengtli O'84/ii of the absoif.i 
radiation (Fig. 3). 

Amyl Alcohol r- -The reaction resembles that in the previous; f.,. 
and yields similar results. The critical increment is 33,530 calor;-' 
corresponding with a wave-length 0-85/x. The agreement with 4 - 
observed band at 0'83/x (Fig. 4) is closer than in the previous cal'* 

Benzyl .4 /coAo/.— Benzyl alcohol itself is interesting as a 
of the combined effects of benzene and the paraffin alcohol gmuph,., ' 
The smallness of the 3-25/< , the typical benzene band, is remarlvVw- 
In the solution curve, a new band is seen at 0-80^, wliich affaiiw 
in agreement with the calculated po.sition at 0-78/^ obtained iVoiu*-. 
critical increment of 36,180 calories (Fig. 5).* 

Acetic Acid Tlie extreme opacity of glacial acetic acid togetb- 
with the necessity of Tnaintaining the room temperature abow 
normal in order to keep tlie acid in the licpiid state durina the tiir- 
of the experiment (a condition which involved some fluetuatuiii ii. 
temperature), renders tlie results less trustworthy than in tliopivvinii. 
cases. The actual magnitude of the deflexions obtained throu-i. 
the solvent and solution res]icctively leaves no doubt, lunvev--; 
of the existence of increased absorption in the O-Oy — O-Oju rci'jitii 
in the case of the solution as compared with that of Ihe solvcir 
Foil Halban’s data yield a critical increment of 29,220 calort'. 
wliich corresponds with a w'ave-lengtli of O-97/i. The. observed bui!.; 
with its head at 0'93/i ajiproximately is in reasonably good Cil':"-. 
inent with that calculated (Fig, 6). 

Aceio}{e . — It i.s evident from the graph (Fig. 7) that in acoictt:- 
tlie triethylsulplionium bromide exhibits a definite band at lo. . 
a considerably longer wave-lengtli than that observed in pivviui:- 
cases. It is .significant that von Hal ban found that in aectoiu' 
liromide is ioni.sed. Tlie effect of this ionisation i.s reflected in vn:! 
Ilalbaii's velocity constants, wliich arc far from exhibiting the dcLw.r 
of constancy obtained in the previous cases. Owing to lack "f 
data, von Halban was unable to correct his results .satisfactirih. 
An attempt made by him to utilise the degrees of ionisation recoiT i: 
for triethjd.suliihoniiim chloride proved ineffectual, as the comruni' 
now ro.se in value a.s the reaction proceeded, whereas previtnbv 
they had fallen. 

On calculating the critical increment from the kinetic data. 
value is obtained which, apart from its inexactness, i.s necessarip 

* The above result is oonfirmed by measurements carried out in i)-- 
laboratory by Mr. A. Q. MeParland, using a photographic metliod i!ivoivi;i: 
plates stained with dicyanino, in wliich it is found tliat the two line-' l’I 
oopper arc at 80 !>uu aro unabsorbed by benzyl alcohol, but are absorbetl ;.';i 
• the solution of the bromide. 
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Considering tht‘ uncorreeted velocity constants, that is, those 
wbicJi fall as the reaction proceeds, and making use of the earliest 
values only, the critical increment is found to be 30,4o0 ealorh.;; 
between 30^" and oO", and 28,5C0 calories between 50" and (in- 
giving a mean wave-length of about O'OO/x, v'hieh differs niarkedlv 
from the observed band at l*3/(. 

Instead of comparing the velocity constants at the oai'ly staffs 
of the reaction, it may be more justifiable to consider only tlioM- 
values towards the close, where the total concentration of the solet. 
may hv identified with the concentration of either ion, since* tjw 
dilution is very great, and the known bebaA'iour of the chlorui- 
indicates large ionisation. Assiuning that under these oonditiuuv 
the electrolyte approximately olu^ys flie law of mass aefinn. ii 
(•an h(‘ shouu that ; 

-f^obs. “ *^tnie ” ■ Q' 

wlicR' KohA tlic value from ilie final constants given by 
Ha) bain is the critical iiicrenu^nt which the imdissociafKi 
form itself pos.se, sses, and Q is the heat effect of the ionisailou 
process. 

The critical increment eoT'r'i'.spondiiig u'illi a wave-length I-’)//, 
that is Etme, would have a value of 21,81(1 calories. The difTemie* 
between this value and tliat calculated from the final readings r.f 
the velocity data, namely, 2t),o-KJ calories, is 7730 Cii]ori(‘s evolvni. 
which, if data were available, could be compared witli the heat nl 
ionisation of tlie bromide in acetone, 

ChloroJonn.- -h\ chloroform, the bromidi^ ha.s apiiai-ently ereaud 
a band at I-O/a aceompanied liy a raugi' from l-f/t In 2‘2/( in whidi 
there is incivased absorption but no change in the definite location 
of the head of tlie solvent band at 1'7 /a (Fig. 8). In this respect, 
the results are distinctly dilfereiit from tiiose considered previmidy. 
A.S in acetone, von Kalban encountered anomalous beliavionr. 
This behaviour he .suggests as being due to the fact that the broniidc 
is polymerised in chloroform solution, The actual velocity con- 
stants which von Halban gives do not oven exhibit any detimtr 
trend. The results of t^v() investigations at tlie same temperatiiir. 
using chloroform purified by different mean.s, sliow little or li!’ 
concordance. In one case, the velocity constants rise as tlie reaction 
proceeds; in the other, they first fall and then rise. 

Attempting, hoAvever, to calcidate a critical incremejit from 
the data by makuig use of von Halban s "K" values, that tj. 
velocity constants cakmlatt^I from the initial titration and the titnv 
tion after a given time, and selecting out of tliose values of ‘ A ^ 
those corresponding with a late stage of the process, at whicli point 
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tlio conccntra'tiori of the bromide is least and hence the polymeris- 
ation least, values were obtained for the critical increment between 
40" and 50" of 30,740 calorics, between 50" and 60", 36,240 calories, 
and between 60" and 70", 32,080 calories. The.se values were more 
concordant than those calculated from any other of the recorded 
(lata, and give as a mean 33,320 ealoric^s, corresponding with a wave- 
length of 0‘85y, which is not in good agreement with the ol)served 
band at l-Of^ . 

iiie fact that the observed band occurs at a longer wave-length 
than that crdeulated appnaxiiiiatxdy from the velocity data, suggests 
that the critical increment obtainend on the latter basis includes 
A dopolymerisation energy term in addition to tlui true critical 
increment of the decomposition of tlie unpolymerised molecules. 

The problem may be treated in the following manner. Consider 
the polymerisation a.s of the type' ; 

■2AB “TZ 

For llic e({iiilibrium of the reaction wc have 

\AJB] 

<') 

\\h‘iv i\ is the ettuilibrium cormtant. \'oii Kalban, in calculating 
vdotily constants, virtually wiitc.s ; 

rate of decomjjositioii -■ ; eoiic, of total suhstance, 

'diere is vou Halban's velocity constant. The true rate of 
decomposition should, Ito^vcvcr, be givcm by k x [*44>']. winu’e k 
is a true coustanr and is related to In' tin' expressieu : 

k X [-.45] ■— k^i X cone, of total substance. 

Assuming that polymerisation is great, the concentmtion of total 
substance is j[)raetically 2[.42£>2l> ^"beiice : 

k[AB] Zx . 

and from (1) k - (-) 

in pa.ssing, it may lx* nolici'd dial as tlu' fH'aelion pro(‘e«'ds the 
concK'ntration of the polymeride.s will fall, ajid hence von Halban's 
(-■otistant should rise. His results on the wiiole do show this rise. 

iaking logs, of (2) and differentiating w itli respect to temperature, 
we obtain : 

dlogi’ ^ i dlogA d log I'll ldlog[A 2 i>o] 

df ~ i tir XV" 2 Xy' " ■ 
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Comparing the reaction at a series of tern i )eratures at uiucluj^,, 
same value is given to it follows that 

E.'irn ^^{\:2]Q|R'P+En:I^T^ 

wJiere L’q is the critical iiicreiuent of the unpoiyracriscd iiiulccul,. 
It follows that : 

_ E, - ifn. 

livperience shows that, iii goueral, polymerisation is accmaptiijif.,. 
hy an evolntio?) of heat, tlmt is, tu'gativc heat absorbed. Hciiit 
Ey, is greater tlian 

Assuming tliat tlie head of tlie ohsorvt'd band at l-Oju. cniTrsixjjjfi, 
V, ith Aq, jiajuely, the critical increment of the iinpolymerised iik)]i\ 
culc, it follows that : 

=~ 2>\d40 calories. 

llcncc (1 ''2)Q —■ 'JS.bdO — l>d,o-0 —4780 cals, 

or Q — 0500 eals. crolaed in the act of polyineri^atioiL. 

The value ascribed to ch'|)end.s, liowevcr, oii the corrcf-Lmsi <ji 
h'ji, whicli we have seen is viay apiiroximaie. Also (lie degree i if 
poiymeri.sation assumed for the purpose of showing the g^'iicriil 
relation Iretu'tx-n E^ and Ey i.s much less than t}j;it; inOnTcdVi’ 
Tinner (T., 1011, 99, S03). 

it is signiiieant that the .spectroscopic measuremcihs do rot 
indicate a band at 0-S5u corrcspmuiing with dod-l-O calorie.s. Xiiat 
is, altliough tiic jiulymcride is present, it is apparontiy iiiviipn.c.- 
of decomposing directly into ethyi bromide and diethyl sidphidr, 
Instead, it filVvt dcpoiymeriscs and then decomposes with a criiica! 
increment of :18,540 calories. Tiie energy term caloric.' n 

tiierefore a composite (plant ity, being Eq — (1;-)^^, and has ii" 
individual existence. 

Concerning tlic increased absorjition from M i 0.) T-V, no siiis- 
factory interpretation ea;i at. pj'esent. be oifered. The data d 
von Halhan show that tlie treatment of th(‘ chloroforni prior to ii'!’ 
is suliicicnt to give different velocity (-''nxlfinl.', and the 
instability of ciiioroform itself as compared with the other solvents 
examined may be a factor iti the abnormal behaviour oh.>ervccl. 

General of lies>'.lls. 

Of (he eight solvents licit' stiidicvi, six have been fouml to give 
results wiiicl'i are in good agreement wirii what would be cxjiec'w'^ 
on the basis (of the sivnple.st formulation of the radiation hypotlipm- 
namely, that one (piaatum is requiivd to di.'compose a single aiolr 
cuie. Of the remaining tivo soU’enls, acetone and chlomloria. 
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the fact that a difference in the observed positions of absorption 
ha> liccn found from what might have been expected, taken in 
junction with the unsatisfactory nature of the velocity constants 
tln iiiseives, is significant, suggesting that the position of absorption 
intlie short-wave region is giving possibly more trustworthy inform- 
ation of the reactivity of the solute than is given by the observed 
Joiocify ■■ constants ” themselves, 

Summarij. 

il) Using a Hilger ijifra-red spectronicter and radiumicrometcr, 
tiie absorption spectra of triethylsulphoninm bromirie liave been 
nudied in eight solvents over the range 0-7^ to 3-6;/. 

(2) The critical increments of tlie reaction in tlic various solvents 
[lave been calculated from von Halban's velocity constant data. 
From the.se values in turn the positions whieh the absorption bands 
oinrild occupy ha^'e been calculated. 

loj in the case of six out of the eight solvents exaruined, the 
:im'cejnent between the observed and calculated positions of absorp- 
iiuii has been shown to be satisfactory. The agreement in the case 
•if two solvents, namelj^, acetone and chloroform, is unsatisfactory ; 
ill which ca.ses, however, certain abnormalities in the progress of 
(lie ii'action have been pointed out by von Halban. 

(4) In the case of chloroform, it is concluded that the j^olyme riser! 
form of the solute does not decompose directly into alkyl bromide 
md dialkyl snipliide, but depoly me ri-ses before decomposition 
k'conies possible, 

.Mr.>i iiATT Ladou.vioiiv of Physical axu Elecxro-Chilmlstkv, 

I'xivKHsiTV or Liverpool. Utrcchxfl, Fchniarii 1022.] 

]..\XVIL — The hifliiencc of Xiiiv-gyoKps on the 
-lhadiviiji of Substitucnls in the Boizcnc Xucleus. 
Part YL The Elbninaf ion of Halogen during the 
Pcductlon of Ifalogenated Xifro-compounds. 

By H.\kold Burtox and J.amks Kkxxlr. 

liii: ciinjuialion of halogen from the benzene nucleus during iiie 
i'ciiuction ot lialogenated nitro-eoinpoinids ha.s been frequently 
‘cscrved. Zmeke and Sintenis observed that T-bromo-w-dinitro- 
■xilzene was reduced to w-pheiiylenediamine by tin and hydro - 
-iUiie acid {Ber,, IS72, 5, 792), and T-bromo-w-plienylenediaminc 
I'nuaitiecl unknown until .Morgari cmiiloycd iron filings witJi a little 
'iy''!t’*>ch1ori(; acid as reducing agent (T,, 1901), 77, 1202). A iiiimber 



676 BURTON AND KENNER THE INFLUENCE OF NlTRO-GROl'Ps f.j; 

of other instances were quoted by Blanksma [liec. 

1905, 24, 320), who concluded that elhninatinn of halogen (jpcuTrr.fj 
only when this substituent was in the ortho- or para-position to tb 
nitro-group. Further, such elimination was facilitated Ijv ih, 
presence of hydroxyl-, amino-, or methyl groups in the meta-posin,,,' 
to the nitro-group. For example, 2:4: (i-tribroinonitmheru(-,,. 
furnishes 2 : 4-dibroinoanihne, but m-tohiidine Is obtained hr,]]' 
2:4: 6-tribromo-?n.-nitrotoluene. Loving Jackson and Calv(.p 
had previously shown that 2:4: G-tribromo-m-phenylonedianii)> 
was converted into nn])henylcnedianiine by treatment with tiiianr' 
hydrochloric acid (.4//no\ Chem. J., 1896, 18, 46G), and blaiikM,,., 
concuiTcd in the view expressed by them that nitro-compoimds „f 
the type in question do not lose halogen until the nitro- ha.< hor-j' 
converted into an amino -group. 

It is obvious, however, that qualitative evidence of this charam 
does not exclude the possibility that some halogen may becliniinaud 
in the first stages of the reaction. Especially is tliis tlif' case iti 
view of the known reactivity of lialogen in the ortho- or para, 
position to a nitro-group. It is also conceivable lhal sonic oliiiiiti:;. 
tion may occur during the passage of the intermediate liydrow! 
amino- into the amino-compound. Thus Bamberger has expliiiuHi 
the introdiict ion of cliJorinc often observed in the course of rcdiictiiin 
with tin and hydrochloric acid by the following sehenie of r(‘ai.tiiii)v 
(Sen, 1895, 28, 201: 1898, 31, 1504: compare also 
Hec. tmv. cMm., 19()G, 25, 7G5) : 


\H-OH 

/\ 




11 Cl 



./ 

v\ 


There seemed just a possibility that, during tlie reduction of. C)' 
example, 2-iodo-3-iiitrotoluene, the following reaction nildit 
occur ; 


hMe 


XO., 


J"- . 

XHd>H X 


If-, 


! 

^ I 


(I.) 


i 

1 11 . 
H 

XH 

(II.) 


ML 


Admittedly the product (1) corresjioiids witii that from 
y;-chloroanilinc is produced according to Bamberger s sch('tiK‘. air.- 
w’oiild therefore most probably reai’range into 2 -iodo-w-toluidiiii. 
• but Uie ])o.s;sihi]ity of its reduction in the manner indicated to 1 i 
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needs consideration. Flurscheim and Simon, in the course of 
experiments on the preparation of azoxy-compounds by the acid 
reduction of nitro- derivatives, showed that when 4-broino-m- 
dinitrobenzene is reduced with a small proportion of stannous 
chloride, no hydrochloric acid being present, ionic bromine is not 
produced. Tlicy therefore accepted the view of Jaek.son and 
Calvert already mentioned. But, as their product con.sisted of 
approximateh^ 80 per cent, of azoxy-comjHiund and id) p(T coni of 
amine liydmehloride (T., lOOS, 93, 1481), 

Br lir 

I - V xOvCsfCl^'-X — X-CVHaBi-XO,, •; \ 


N'<\, 0 xn, 

a is evident that the reduction of most f>f the materia] did not 
pass beyond the liydroxylamino-stage, and thendore that further 
evidence is desirable before' thi.s possibility is deiinitely rnled out 
in tlie general case. It may be mentioned tliat in the course of 
the present work an experiment on soiiiewhat similar line.s, in 
which hydrochloric acid was employed, showed that tlie proportion 
of ionic iodine produced from 2-iodo-3-nitroto]iiene was also 
negligible. 

It appeared that more conclusive evidence on tlic vholt' matttT 
tuight lie gained by a quantitative euinparison of th(> ajiiount-s of 
iodine eiiminated from corresponding nitro-, hydruxylamino-, and 
aiiiino-compomKls during their reduction under conditioiis a.s 
closely comparable as possible. A discussion of the method.^ 
einplnyed will be found iji the e.xix'Hnumtal portion of this papei-. 
Fhc- following table suminari.ses the results obtained by the gradual 
additioiwaf aleoliolie solutions of ecpiivalent quantities of nitro- or 
ipdroxylaimno- or amino-derivative, respect iv('ly, at a (Jelinite 
i>'te to a constant quantity of stannous chloride and hvdroehhirie 
at 86‘.)^ : 


Urifntation of t^iibslituent.s, Nature of Substit uent X. 


X. 

xo,. 

XH'OJl. 

XH,. 

4 

0 

trace 

trace 

0 

* 

ii-4 

1 2a>o 

:i 

4m 

14-S 

2i;> 

() 

'J-2 

112 

13*1 

o 

1 !)•,-) 

33' 0 

3f.i-l 


211 

42' 3 

— t 


4d'2 

oT-D 

(N-2 


^ i'-bjcloniti'obenzei 


le wa.s not .sullieii'iij !y .‘^oluble for the purpo.>es 


of these 


^ ■^•lodo-a/UoluidtiK 

kK or air. “ 


0 IS ck-NLuibed as liberating iodine on exposure to lieat, 
ivii not Kill was (iu'reforc not undertaken. 
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The consistent increase in the values observed in each 
according as nitro-, hydroxylamino-, or amino-derivative m,’ 
reduced, is at once explicable in terms of the view of Jackson a];,;; 
Calvert, since under the experimental conditions the proportion .-.t 
reducing agent available for the removal of iodine is progre?avf|v 
greater in this order. The favourable influence of the niopiv 
group in iiio meta-position to the nitro-group, commented on V,- 
Blanksma, is also very noticeable. Since the opposite (■ii’eci i, 
observed nhen the reactivity of substituents is due to aii oHj,,. 
nitro-grouyr (Kenner, T., 1914, 105, 2717; Kenner and haikin, 
T., 1920, 117, 8.12), the probability is increa.scd that the reaftl, 
now considered do not belong to this category. The results do n,.- 
dellnilcly disprove the view that halogen may bo eliminated h i. 
the hydroxylamine, but this is rendercil very doubtful by rj,. 
outcome of an experiment with d-iodo-o-nitro-noxyhno. Ti;;. 
compound was chosen because the data already supplied indioiLi-ii 
lliat a very con.siderable pi'a[)ui'lion of iodine would be removo 
dui'ing its reduction, and therefore that if this occurrcrl to am 
extent prior to formation of the anniio-group. the amount eiiniinaiK; 
niiiiiit be greater than tlie proportion of amino-com])oun;l loniid. 
if an insufliei('nev of reducing agent for botli reactions yutc cm 
ployed. Actually, liowever, 61'] per cent, of the total iodiuc '.'.i 
converted into the ionic form, and after allowing for tlii^-. ii (jUiUitbi 
(if reducing agent remained unaccounted for, whicb would •lui.-- 
for the formation of (il'S per cent, of ajiuno-coinpoimd. 

Our cxpenmeiits may tluTcfore be said further to suyipcit !!.■ 
view that the removal of halogen in the reactions and coiitui;' 
under cousklcration docs nol precede the formation ui the roo- 
croup. If ha.s been |>rcviously pointed otit that the fust slap. '.:, 
the reduction of a niti'o-groii].) probably' consists in ilie formau.' 
of a transitory molecular ra.mpouiid of hydi'ogeii or of the roJa-:. 
acent with the nitro-groiij) (Burton and Kenner., 'I’., 1921. 119 
1047). According to view advocated in this series uf jo]".: ■ 
however, the formation of such a prodtiet in the ease, for exaup:^' 
Ilf o-iodonitrobenzene represents the tu'cessai'y preliminary n-: 
to the elimination of iodine, so that the system (III) may def()i;ij.v- 
with formation either of nitrobenzene or oi o-iodonitrosolxuizcnf 


'XO. 


i^yxup-ll, ■ 

(III) 


i ixo' 


11 ..!.! 


Tli<^ former will hr facilitated by ima’cast'd mobility of iheliaky- 
atom and by the u.se of a very mikl reducing agent, ( oJ-ie^l ' ■ 

with a potential diflerenee insidlicient for the eleetroeheniiealio.'‘i 
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of the nitro-group. Hence it is that picryl cli]orid(‘ may be 
jvdiicod to trinitrohen^enc by the action of various metals in neutral 
ornnic solvents (31eyer, D.K.-P, 234:720). Tn gent'ral, however, 
tlie halogen is insufficieiitly mobile, ami tJie reducing np:vni, usually 
.mnnous chloride, i.s too powertul . As a result, the nsacl ion ])n)ceeds 
ilmo.A entirely, if not entirely, in the dux ct ion of fojmaliou of 
,J,tro^o• and eventually of amino-eonpouml, d'lie noti-e!irnination 
,.f lialecen during the transition from the liydroxylamiuo- to the 
;ni]i]io-derivative must be ascribed to the ja;>id:ty vith vdiicli tfie 
preduct (I) assumes the aminic form, a reaction wlnclj will probably 
l„- iiviicli accelerated by tlic pi'osence of strrmg acid. 

Considering the i'emo\aI of Inilogxn from tlu' amiiio-eoinpoiind, 
ii voil he noted, liisi, that apart fiom hydroj-en the amino-gi'oui) 
,1, ];f)t render o-su!)stituenls reactive, and .secondiy, that the 

rciaoval occurs in strongly acid solution amd lienee, iu iill ju'oha- 
!,:iilv. from the salt of the fiasc rather tliaii fixuii the ba.se itself. 
|l is a confirmation of this tliat the preparation of sucli lialogeitated 
IVou: iho i.it 1 ‘ 0 -con I j SOU luis is usually la st achieved by tlir 
ihf fit her of ferrous su]pliat(‘ and ammonia (emnj.aixa for oxaiisplt-. 
WIk’cler and Liddle, .lena'. Chf in. •/.. 42. 441), (a’ ol /.iiic and 

loctic fuad (compare, for exainpha da.ckson and Cnlveit, lor. cil.). (uc 
,o :i!riad\ i*aied, of iroti ami a iittif lixalrociihuie at-iil; ju 

-aluT v'ords, under such conditions lliat salt -formation is largely 
riovented. Aecoptiug, tliercfoie, tlu* \ i( w tlia.t iui i.-- eliininatod 
ii':-::' ilia salt of tlie base, it is tlien notevmrihy ilito the eliVcl <rf 
■nlr-fiicinalioii vUi the amino-grouj) is to confer inela-diis eti\ e 
o.s eiiirs uhich, if perliajis not as pi'ououiicedL as ]ri ilie case of tlu' 
:ai ni-gimip, are iievcu'theless (piite definite. Thim. vidlst tlie claim 
’:'Xn(4liug and (biliu (/Cr,, 1881, 17, I’CI) thad tlm iiit;atio;i <4 
.'iiiinc in strong stdpliurie acid soliition result.s edmo>r t‘.\eiusi\-eJy 
in die formation of >//-iiilrcianiline has iKsai to have heiai 

'■V ign’crated (Hollcmann, Ha.rtogs. asid van den Lind; n, ././w., 

•'A, Tdl), it is true that llu' iiieta- and nara-dei ivaii\’.*s are fornud 
.aiihnnst equal jji'opot'ti(.>ns, \d.)rliind( :-. who sii<e,vi-d that nitration 
"1 piu-uyltrimcthylammoniuni nitratca as wed a.s imorniimtion of 
tiic Ijiminde, yielded a meta-derlvai as :<)ie product, .also con- 
■eauad tliat ” (he ineta-direet ive iidlueiite of the ajunioiiium group 
I' nut limited to the quaternary triuietiiylannnoniiim-, lait 
nsti'arly exhibited l)y priniaiy, secondai'y, and tertiary ammouiiiiu- 
r'l'uiip.-i as soon as the aniline derivatives are jiresent in strongd\ 
■^cid solution" (Ccr, ]f>19, 52, [B], 2fiS). Tibs is perhaps best 
dliidrated by the work of Tingle and Mianeh ^ Cler-/-. Chm. J.. 

^ workers also .duAWil iluu it is itul po.vii I- t.i oliOfin .uiVtluiig bm 

( olnnivcl proebjots from the action of strong uit lie acui on fUfilitii- nitratt'. 



680 BURTON AND KENNER ! THE INFLUENCE OF NITRO-GROTp^ Oj 

1906, 36 , 605), who showed that meta- derivatives were prod 
by tlie nitration of fonnanilide, acetanilide, monomethyl-, dimep •>' 
and diethyl-anilines respectively in sulphuric acid solution. altlKiU'!i' 
they were unable to confirm this in the case of bcnzaTiilide (coniv’-' 
Hiibner, Annakn, 1881, 208 , 278). 

The reaction in question i.s therefore comparable with tbr 
depending on the mobility of substituents in the ortho- or ]^arii 
positions to nitro- or otiier meta-dircctivc groups. Wljen. furq ,', 
it is remembered that stannous chloride has a great t(Mul{'nov 
form tlie double compounds with the amino hydrochlorides wiiK-l 
by analogy u'itli tlie view adopted in the case of 
should represent tlu' intermediate stage in the reactions now nnd- 
discussion, 

it Avould appear that a fairly complete basis for their eouiprolieasii.], 
has been reached, and one that may bo tested by further (‘xpciiiufiit 
An explanation of the influence of substituents is less easv to (!;>. 
cover. The effect of substituents is proliably the resuitaat of tln-c 
influence in several directions. Thus, they will modify the streiirtii 
of the base, and hence the completeness of salt-fonuatioa: th^- 
readiness with whicli the necessary additive compound of salt wifi 
stannous chloride is produced will be affected; and tluw will in. 
fluence tlie molulity of tlie lialogon atom in the manner prcvimislv 
discussed in tliis .series of papers. Of these effects, the lii'M i 
probably the most important, if salt -format ion be fimdaiociiU' 
to the occiuTcnce of the reaction, and it is perhaps signilicaiit, in 
connexion with the favourable influence of the metliyl, bydruxyi, 
and amino-groups in the meta-position to the amino-group, tliu 
in this position an increase in the liasicity, or capacity fur sdt 
formation, of the amino-group would he anticipated (coinpuiv 
Flurschcim, T., 1909, 95 , 725). Thus, w-toluidine is a .stroiuci 
base than aniliiu', whereas o-toiiiidiiu' is weaker. jU-Tuhiiclino e 
even stronger than uutoluidine in this respect, and therefore it vcii 
be desirable to .study quant it ativedy the behaviour of its Tied"- 
derivative. One of us is, however, prevented from further iiarticipii- 
tion in this work, and our results are tlnwcfore comumnicatod in 
their present form, 

K X P U -R 1 :\I E N T A L. 

The nitro- and amino- compounds used in the following experi- 
ments had all been previously described, with the exception oi 
H-iodo-m-foluidine. This base was pre])aTed by the reduction t-; 

■ 2-iodo-5-nitrotolueno either by mean.s of ferrous sulplutte and 
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■iiutuoiiia at 100“, or in glacial acetic acid solution by means of 
.tannous chloride and hydrochloric acid. It crystallises from 
alcohol in colourless plates, m. p, 46° {Found ; X -= 6-12. CyHgXI 
X = 6-01 per cent.). The hjdrocMorlde consists of colour- 
tvs needles, and the ucetijl derivative of (.‘olourle.ss pri.srns, in. j). 
j4;_i48“ (Found ; N = oTd. (-glljoOXl requires X TilM) per 
,pnt.). All etforts to obtain the base, in. ]>. bS -IMF, described by 
Artraann {Monatsh., 1905, 25, 943) as resulting from the atdiun of 
feiTous sulphate and ammonia on 2-iod()-5-nitrotolu(uie were 

iiii.<uccessful. 

Ikkmination of the Proportion of Ilalo^ptt Pliminaled.—ln tlu' 
^•asc of the nitro-coinpounds, the solutions for rcaluction were pre- 
jiarcd by dissolving the iodonitrobenzene ( 10 grams), or an cquiva lent 
amount of iodonitrotoluene, in a mixture of absolute alcohol (UXJ c.c.) 
and water (10 c.c.). 

The hydrox3'lamine solutions v.orc ]n-epared by naluction at the 
Ijuiling point of exactly similar solutions of the nitro-derivatives in 
presence of ammonium chloride (O'S gram) by gradual addition of 
zinc dust (14 grams) (compare Bamberger and Baudi.sch, Ba\, 
jliny. 42, 3581), and filtering the colourle.ss solutions obtained. 
Tiu'se were then ])reserved from oxidation in an atmosphen^ of 
rurboii dioxide. 

Solutions of the amino- deri\-ative.s were made up from (juantities 
of (lie bases equivalent to the abo\e amounts of nitro-coinpound.s, 
using the same quantities of alcoliol and watc'r. 

'L'he reduction experiments were cai'ried out in a bask fitted with 
ii cork carr^nng a reflux condensc'r. a thermometer reaching to the 
bottom of the basic, and a dropping-funnel, A solution of ervstab 
li-icd stannous chloride (23 graiu.s, 94‘t) ]k*j‘ cent, piirit}’) in conccn- 
iMted hydrochloi'ic acid (26'1 grams) ^'.as placed in the ba.sk, and 
the vhole lieated to bd'o', and mauitaijK'd at this temperature by 
of a watcu'-bath. The solution feu' reduction was added at 
the rate of 5 e.e. (wery bve minutes, Fi^ r minutes after the last 
addition, the -olution was eocvled, and made up to 500 c.c. Onc- 
Icnth oi this was rcncicred strongly alkaline with sodium hydroxide 
>oiulion and ('.xtracted with cthei'. The a(|U(^ous solution was 
noiilralised with sulphui'ic acid and treated with 10 per cent. 
Mxlimu nitrite solution (10 c.c.) and dilute sulphuric acid (1*5A', 
VC.). The iodine liberated was then removed in a current of 
and estimated by .fannaseibs method {Z. anonj. Chun., 
F'j l, 144, 245) by absorpti('u in alkaline hydrogen jieroxide 
"ntioii, lollowcal by precipitation a.s silver iodide. It was found 
> wt unless neutralisation was [Jerforiued before the treatment with 
0 (.h 4 s acid, the precipitate contained an apprecial)lt‘ aiiiuiint of 
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isih'cr .V.s a precaution, the isil\ cr iodide was thoroforc - 

every ease washed \vith dilute ammonia until its weight was ci 
stani. Tlic results obtaiiual are shou'ii in the table in the thoore-Ci 
portion of this paper. 

The conditions of reduction above described were chosen forti, 
following reasons. The instability of the hydro:<ylamino*soiuty 
renders their gradual addition to a hot solution of the redueior; ac-.j, 
preferable to the inverse order of addition, and hence (Imp;,. 
lljc mode of ‘addition lliroiighuiit. .\ eonsidcratioii of tlic qiuiati". 
of reducing agent to be employed at once shows lliat riiridly 
parable experiments arc not realisable, and that a com proa lisr. 1,^. 
to be made on this point. T'or ^■ery soon after the lii-sl addiik.'i... 
iiiti'o- or liydroxylamino-solution has been juadc, amino-conipimi 
is preseui aud is exposed to (lu' action of the solution. For d i. 
j'easoii it was decided not to employ ipiantilies of stanuon?; eli!i,.ii, , 
ju’opoiiiomd to llu>c tlicoretiealiy required for complete rediirii! 
and iodine elimination in each ease, but the same quantity 
out. Fiirilier, this quantity was less tlian that theuniii 
necessary bcVih for reduction and elimination of halogen, bivau'' 
this seemed to oiler a greater prospect of delecting any I'oruiaiii^;. 
of ionic iodine wliieli might occur prior to the formation < f aailn-. 
Finally, tlie impossibility of attaining rigidly comparable u>tiditiciN 
of reduction seemed to render superfluous the precautions usiwl ;■ 
ensure constancy of temperature in ifliysieo-chemical measuroirn;’; 

One of us (H. B.) is ghid to lake the (qq^orlunit}' of exju’osdindo 
thanks to tlie Department of Scieiitiiic and Industrial Bcsearc-ii r ' 
a grant which enalih'd him to take part in this work. We iik 
wish to make gi'i.U'ful aekiiowlcdgmeiit of assistance from tk 
Kesearch Fund of the Chemical ISoeiely, and from Mcs.o.'^. WhiC:. 
and Son towards tlu' provision of material for the^e exj)ermiciri.-. 

Tlie UMVjai'iTV, ^^uoFFieLi). Jicccii-ol, Jlatxh -nrl. 


LX X\'Ji 1—77/0 Acliov of jAifjhl on Sihrr /i/'o/mT, 
By Fio'.s’i' JuiiA>'Xi:.s Haetuxo. 

The invention of the Steele-Grant microbalance in dlii'.-' 

Hojj. Sor., [D], 82. dSO) pkieed a [powerful weapon in Ike 
im'e.stigatoi::. and. in tlu ir original memoir, the invento'.’s exprom 
the hope that thei!' iosti'iiment vuuld prove useful in ir.aiy e];*'- 
tion.u ll was immediatedy applied iy Gray and Bamsfiy m 
brilliant researches on the atomic weights of niton and lac:'-' 
[ibid., I'Jil, [dj, 84, bilb; FiiiC !dj, 86, 270); later, 
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titled the balance and published preliminary obsevvations on 
cpiiain physical problems {Proc. Physical Soc., 1920, 32, 209). 
(V.mparatively few exi^erimenters seem, how'ever, to have interested 
themselves in the possibilities of the instrument. The vexed 
(juostion of the nature of the chemical changes which take place 
ill the lialoids of silver when illuminated sugge.sted itself as a likely 
.iihjcct for study, and the following jiages give the results of an 
attempt to solve this problem by direct weighing. Ihifortunately, 
tlie work was interrupted before it could be completed in all its 
aspects, but it was felt that the results obtained arc worth rccoi’ding 
hi'cause ihey throw an interesting light on the question. 

The loicrobalance possesses important adxuntages for an inves- 
; illation of this kind. It is capable of mea.suring Aery small 
liifk'ronccs in Avoight, so that one can Avoik' AAitli very thin films 
it ihe sih^r compounds. It is essential llial one doe.s this, because 
(ho action of light on oj>aquc prejuirations is restricted to the suidaee 
lavcr. Also, the balance has a very high relative sensitivenes.s 
(1 part in lO", or more), an important coii.sideration Avhcu one 
l•(‘aliscs tlial the actual A\-eight of the silver haloid may not amount 
to luoie than one per cent, of the total load. 

The instrument used in the iriA estigation was coiistructed on 
tin; pattern of Steele and Grant's type-B balance. It Avas made 
iiitircly of vitreous silica in accordance AA'itli their directioas and 
-w'illated Avith a period of thirty-thi'ee seconds. It A\as suitably 
mounted in a cellar to protect it from mechanical shocks and tem- 
ncrature changes. The maximum load Avas 43 mg. and a dilTerenee 
ill wc'ight of 2 >„ 10"^ mg. could ho detected. Accurate Aveighings 
twice this quantity could be made, gi^ ing a relative sensitiA'cncss 
"I 1 part in 10^ It was found that there was no need to express 
iiu‘ results more closely than to tiie nean'st lO"-^ mg., and a careful 
'udy ftf tlie balance led to the conviction that the weighing^ 
'■''uld be ab.^olutely depended on to this degree of precision. 

>ilvcr bromide was chosen as the Jirst lialoid for trial, and tlie 
uietliod of expei’iment Avas Aany sinijde. Thin lilins of the Ijromide 
"cre depu.-sitcd on vitreous silica supports and exposetl to light 
undei various conditions. The changes in A\eiglit Avere then 
tueiuui'cd. HoAvever, certain iirccautions were found to be ncccs- 
sU'A in order to aA'oid alteration in aa eight of the preparations from 
"dier causes. Aeeiimulation of dust and contamination by other 
iii^purities were prevented by keeping the films always coa ered, by 
langiug them from ignited silica hooks, and by handling them on 
die ends of slender, ignited silica rods. There A\'ere in addition 
iiii-Oi^pected sources of error which had to be carefully guarded 
and more particularl\' uhen Avorking with films of metallic 
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silver. It was found that exposure of a silver film near \'ulcanij 
rubber resulted in steady increase in weight, although for a ^ 
time no visible change in appearance took place. This was traeeS 
to volatile sulphur compounds in the rubber, and accordingly^ 
or glass stoppers were substituted with complete success* in ;,]! 
apparatu.s requiring them. For the same reason, the rubber 
by which the balance case was sealed had to be made from rav 
un vulcanised rubber, but even then a silver film exposed near tb 
grease tended to gain in weight very slowly. This appeared to 1,^ 
due to a surface condensation of vapours given off by the material 
it has been noted by other workers in the case of metallic goldard 
for the present work, it w\as so insignificant in the balauoe eax,' 
that it could be completely neglected. 

At first it was found that silver films left hanging m the tax. 
steadily increased in weight and soinetinu^s by as much as O’OOl ni’:' 
in twenty-four hours. This elTect was (raced to the condemaiior 
of mercury vapour from the manometer in connexion with thecae 
and could be prevented by siuitting the tap between the tui, 
The presence of mercury on the silver was shown in the follouii;^ 
way. A piece of pure .silver was ignited and cut into two pain. 
One wa.s introduced into a glass tube prox ided with a verv iii;. 
capillary; the tube was then exhausted and sealed. The fit lie 
was hung on tlie balance until any desired gain in xveight hna taka 
place, and was tlien sealed up in a similar exhausted tube. Ti;t 
tw'o tubes were heated while the capillaries were cooled by ^ma!i 
pieces of w^et thread. iMicroscopic examination showed the prcscrjct 
of several tiny opaque globules in the second capillary, which wer- 
absent from the first one. These globules were proved to be mercurv 
by their volatility, ojiacity, and metallic lustre, by their indu- 
bility in water, and by the growth of .silver ciystals on them xvlioi 
they were iminei’sed in an aqueous solution of silver nitrate, it wi- 
quite easy to detect in this xvay as small a quaiUity of mercury le 
O'OOl mg. As soon as this soru'ce of error was realised, il wje.i 
simple matter to prevent it by keeping the tap between the caseaiin 
the manometer closed until a reading of the pressure was iccjuirm. 
Fortunately also, films of sih’cr bromide were not afiected in ib 
least. 

Preparation of iSilver Bromide Fihtm. 

Ill order to obtain very thin films of silver bromide, light 
silica sheets were silvered and xsubsequeiitly brominated by 
to the vapour of caixTully jiurificd bromine. At llixst, mica slwi' 
xvere tried, but they were unsatisfactory owing to the ease 'UU: 
xx’hich small particles became detabhed and to the imprisonment 
gases and liquids in cleavage cracks. The silica su]>pnrts \'es 
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by blowing bulbs and selecting suitable fragnient.s after 
smashing these; the rough edge.s Mere rounded in the oxy-^^as 
jliinie, and hooks attached to peianit of easy Iiandling. These 
supports Men; of course not flat; tlu' average weight was a]>out 
4(1 ing. and ihe total surface about 5 s{(. eni. Thev were silverecj 
by jmniersion in a tartrate silvering solution ainh after soaking in 
several changes of distilled water, were dric'd in an (exhausted (h^sie- 
.eator and weighed. Brominatioii was then (dfeotc^d by hanging 
them in the vapour of bromine puritled by distillation from a 
iiii.xture of bromide and broniate of potas.slum. 4:he poarlv-w’hite 
film? thus obtained wciglmd from 0 ?, to ()-G mg. and wore^dmost 
transparent; the a.verage thickness was about u-‘2 Tdie relative^ 
amounts of silver and bromine in the film, a.s oldained by direct 
ueiginng, never corresponded exactly with the proportions requinNl 
by the chemical formula of silver bromide. TJie halog(m wa^ 
ahvays in deficit by 1 to 3 per cent. It was evidemt, then, that 
the silver deposited from the reducing solution was not’ipjite'pure 
in spite of its brilliant surface and almost complete freedom froni 
bloom; probablj- a small amount of occluded matter was pre.'^ent. 
In all cases it was assumed, and perha|}s not entirelv without 
jiLstilication, as later work showed, that such impurities were 
destroyed during hromination and tJiat tlie material left on the film 
consisted of pure silver bromide. The same discre]mnoies were 
noticed m the preparation of films of the chloride and iodide 
It IS well known that the sensitiveness of .silver bromide to light 
depends greatly on its mode of preparation (.see. for example 
\\asz, Z. physikal Chem., 1900, 54, :iP5). Freslfiy-precipitatecl 
ma cruil is more sensitive than that which has stood for tinuc 
a change which is doubtless connected with an alteration in .^ize of 
giam. Ihe reverse phenomenon is given by the familiar ripenin<r 
of emiibions or use on dry plates, but Iktc the svstmu is much 
niiiplicated by the presence of gelatin. Thifortimateiv, tlic films 

S x ^^^ver appeared to b(^ comparativelv 

•^>1' f iu.fi only m regard to visible darkening, hut also in 

measurement. There 

manipulated in f preparations could be .^afeh- 
‘"s luiij light on ovory occasion. 

■ictiou of Light on Siktr liromUk in Air. 

''-Itfcxx!, glass fla,sk of lOO c.c. capacity. 
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provided with tsvo tubules througli which a slow stream of hiito,.,,; 
air could be passed. The flask was closed with a well-fittin*r t,.,' 
stopper carrying a silica hook, from which the film hung. '[’j,,. 
apparatus was exposed on the roof of the laboratory for a 
time, a slow stream of air or oilier gas being maintained throne], 
the flask all the time. The changes in weight of the film were tlio, 
measured. No attempt was imuk' to estimate the intensity of ^j,,, 
light, which varied from bright s\inlight to rather dull light diilW,: 
tiy clouds. It was found that the tilm.s remained perfectly cou.ta.i 
ill weight in the dark, jwox'ided (hat they were handled e[U’efullv 
and shielded from such laboi'atory gase.s as the halogcib ain 
hydrogen sulphide. 

' The first experiments showed at once that silver lironiido, \\]w\i 
exposed to briglit light, began to lose bromine with corresjioiKtiii, 
diminution of weight. This was shown repeatedly to be the c;!..,, 
and the following results are lypieal ; A film of siher hnitiii.;;, 
wtdghiiig 0-3163 mg. was exposed for two hours to bright .viiiiliuL; 
in a gentle .stream of filtered air. The pale yellow colour eliuiiTis 
to pale pur])le, and a loss in weight of ()-003:^ mg. was muniid, 
wliieh corresponds with 2-4 per cent, of the total bromine link 
film. The preparation was then subjected to the action of hmniin. 
vapour in the dark; the original pale yellow colour was nstoni 
and the increase in weight was 0-0031 mg. 

Kxperiments of tliis nature showed without doiiht that tlieaoio, 
of liglit resulted in direct loss of ludogen, which could be alum 
completely restored by rebroniinai ion. although there was iBi!;4y 
a sliglit deficiency in the amount added on again. Ihe aclin 
percmitage of halogen lost was alway s small but could lie skm!;. 
increas(>d by prolonged irradiation. Xo information as t*. ti, 
nature of the decomiiosition finxlnet on the film was, of eni.ir- 
obtained in this way, but it was noticed that an ex])osed filmalvaiy 
left a minute, alnu^st iin isilile residin' on the silica after treauiii'L 
with sodium thiosuljihate solution. 4’ltis residue weighed 
not more than O’Uttl mg,, and the lialanee was not sensitive eiieii;;;: 
to determine its nature. Although soluble in eoiiceiitrated iiitri' 
acid, it was apparently not metailie silver, becaust* the iiKreii>wi: 
wei^dit on bromination was not ,'^uflieient to allow of the fnimitK- 
of silver bromide. Probably it consisted for the most ^ ^ j;; 
sulphide, or of adsorption compounds between silver and s'Xio.. 
thiosulfibate, It may be remarked that no i-esidue remainedv icioo 
unexpo.sed film was treated with the sodium thiosulpliate son o- 
Some experiments were also performed to test the 
water vapour on the ehange, T^vo films wer(‘ expnsc^l to Hu' 
ilhiminatioTL one m a slow stream of air moiNtdua > 
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tliruiigli diistilled watiT, the other in a .slow slroani of air dri(ai l,)v 
tljrough concentrated sulphuric acid. ]d1lic difTcrence 
could he detected in tlie rates of acticjn in the two eases, altlnmgh 
the experimetits w{TC not conclusive Ix-eau.st^ ti'aee.s of water vapour 
will have been present in the dry air. No trials were made in 
air>uhjeeted to the proIongtHl action of phosphoric oxide, but some 
iater experiments in a vacuum indicatt^ that the influence r)f moisturt' 
oil the reaction cannot be great. 

A few trials wore made with partly brominatcal silver iilnis. 
These had a .shining black appt'arance with beautiful jmrjtk^ and 
.oiveii surface reflections. Xo change in weight could fjt^ detected 
lifter hours of exposure to briglit sunlight, although tluav was 
considerable change in the appearanee of the film, which lieeajiie 
cl(uided with a grey bloom. It was (wadent that tlie free silver 
jiivvented loss of halogen. .An attempt to discover the nature of 
tli(‘ visible changes l.)y trying the action of .sodium tliiosulphati' 
licfou' and after exposure failed Ix'cause particles of 1h(‘ film Ixrantt' 
dcuu'hed ineohanically when it was treated with the liquid. 


Action of Light on Silvr}’ Bromide in a lacunm. 

For th(‘ pur])os(' of testing the action of light in the a})senc(' of 
air. tlie exjiosing vessel was modified. Glass s(‘pai-atinL^ flasks 
were e!ii|iloyed, the stoppers and taps of wliieh h.ad been carefully 
gruuntl, To the lia.se of each stopper a small silica hook was 
attached with sealing wax; tlu^ lower portion of the ves.sel con- 
tained some long- fibre cotton w^ool kept in place bv a layer of clean 
gia.ss beads. After weighing, a film was liung from tile hook, and 
tile apparatus closed and thoroughly exhausterl during Iavo davs 
in a dark room in ordm- to remox (> adsorbed gases as nnieli as pos- 
dhle. since heating was madniissible, Aftm- Mutable exposure, air 
.dowdy admitted in the dark and tlie [irejiaration reweigiied. 
fle-e.\hau.s(inn followed and the whole process was I'cpcated until a 
fHaeticaliy constant filial weight was oiUained. 

A i.r,,li,iii„aiT csiKTiraent slioucd that in these eii'einnstaneo-. 
darkened iui(] lost sveight very rapidly, .Imibtless osviiig tu 
IMitial removal of the condensed gasia.us layer on the surface of 
IW’ lire|i,iratioii .and consequent more ready diffusloji of file liiierated 
atyiri .a,..,, f,.,,,,, .;p||(.,.p ,,(• aeiion, '|’n„ careful e.xperiments 

. "‘■'"le m 11 micuHin : in the lirst, the final resiill showed 

(ra <1 , {) pa,. Iij Jiij, hromine, in the second, a lo.s.s of 
in „a^* '^tiit- of the total hromine. dlu'so lossi's were obtained 
4 tlim'l mostly to suiisliino. 

•xijo ind'*’''"!"™* ill wliieh the air in tlie 

-l -mig vo,ssel wa.s re.ieatedly displaced l,y pure dry nitrogen 

B B 2 
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before final exhaustion. The action appeared to proceed .f: 
more rapidly in this case an^, after three days’ exposure, the i," 
iti \\ eight amounted to 84‘2 per cent, of the total bromine, althoK 
this may not represent the final figure, because an accident 
end to the (experiment. Thc^ films after exposure were 
broNMi; one was tested and was found to be almost e(in]pi-|,.;, 
soluble in cold, moderately concentrated nitric? acid, but a (,^^4 
chemical test showed that it still contained some combined hronji]-,, 
Tile others were rebrominated ; the original pale yellow colour 
restored in each case, but the films were then somewhat lieavier .d 
about 3 per cent, of the total bromine) than in the original unexpoyij 
condition. This slight excess in \\’oight was probably due to (-(.5. 
densation of rubber-grease vapours from the seals at the glass jriir/, 
during the prolonged exposure ; it will be mentioned again later, 
1'he results of these experiments are of considerable intciK 
because definite conclusions as to the nature of the product> ' 
decomposition of silver bromide in light can be drawn from thi 
It is evident that neither oxygen nor, in all probability, ivat;: 
vapour is needed for the action. Consequently, the oxy-brumiii; 
theory of the darkening effect is disproved, as also is the tWir 
which supposes that a sub- bromide is formed. From quite 
evidence, Ta'ippo- Cramer and others have advocated the view ib 
light action on silver haloids results iii partial decomposition ii:‘ 
metai and halogen, tlic metal forming solid solutions with l. 
undeco in posed haloid and so being almost insoluble in iiitiie at;. 
This view is borne out by the experiments here recorded, altliDO- 
if solid solutions are formed, as indeed appears to be very iibiT. 
tliey are so rich in .silver after prolonged expo, sure of thin lil^ 
in a vacuum tliat thc' metal dissolves readily in nitric acid 

Sili'er ('hlorlde. 

A few experiments were made with silver chloride, in tliesaic 
manner as those with the bromide. The films wewe made bv 'K- 
milting silvered silica films to the action of chlorine, and opaksaii:. 
almost transparent pi-cparations were obtained. Darkening 
jilace on exposure in aij' to sunlight, aeeompanied by lossiiuinp. 
the action appcarc-^d to jiroceed mure easily than in the cased in' 
bromide, a typical experiment showing a loss of 4-1 per edit. 
total halogen after an exposure of tbree hours in the sun. lb’ 
loss was almost completely restored, with the original cobw. 
rechlorination. 

An experiment in a vacuum gave after tu'elve days a - 
81-0 per cent, of the total halogen, almost all of which 
after six days’ exposure. This preparation could not hr 
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gain after reclilori nation owing to an accident ; it was noticed, 
owever, that the grey isli- brown film darkened considerably on 
xposurc to the halogen and then slowly assumed its original 
early whiteness. Another experiment was tried in which a film 
f silver chloride with another film of silver bcneatli it was huntr 
nd exposed for seven days in a vacuum. Such a test was 
jcorded by Weisz {loc. eil.) as being originally due to H. Luthew; 
e found that silver bromide sealed with a silver film in a vacuum 
arkened on exposure to light, whilst the shieldotl silver became 
nnished. This effect was noticed in the present instance; the 
.Ivor chloride darkened very rapidly and at length became greyish- 
ruwn. An iridescent layer formed at the same time on the silver, 
'hie!) afterwards became clouded even although it was .strongly 
luiuinated, On reweighing, however, it was found that the 
liloride film had lost only an amount corresponding with 234 per 
nit. of its total lia logon content and the silver film had gained 
D amount corresponding with 57-0 per cent, of tlie total halogen 
1 the system. There can be little doubt that the origin of this 
iserepancy must be sought in the rubber grease which sealed the 
;opppr and tap of the apjiaratus. Condensation of vapours on 
oih films would explain the results and has already been sho\\ n 
) take place on silver films when fhc.se arc left for .some time near 
ho grease. 

Silver fodide. 

Some thin films of silver iodide were made by submitting silvered 
lira at room temperature to the action of the vapour from care- 
illv purified iodine. Beautiful iridescent yeUou’ films of the 
■dido were soon formed. On exposure to sunlight, these films 
uioldy lost ilieir iridescence and then very slowly darkened. Loss 
i u(‘ight was again fomid ; in a typical case, thi.s amounted to 
■1 IKT cent, after tliivc hours. The action of iodine vapour in the 
uk rc.4ured the original weight completely. In a vacuum, the 
lange was much more rapid, l)ut was still relativelv slow as 
)mparcd with the other lialoids. 


Action of Ozone on (he Haloids of Silver, 

It has been often stated that tlie action of light on the haloids 
M \er can be imitated by exposing them to ozone in the dark. 
1 us va}, latent images may be formed and can be rendered 
>y development. Some cxiieriments wore therefore per- 
exposing films of the throe silver Imloid.s for twenty 
Him ^ ozonised oxygen from an ordinary laboratorV 

- MU no change in weight to 1 part in 

c etected ; with silver bromide, a definite loss in weight 
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occurred, amounting to 0*5 per cent, of the total bromine in 4 
film, and, with silver iodide, the loss amounted to 2-8 per cer,/"; 
the total iodine. The order^ of these results was confirine!] 
repeating the exixu’imeiits. On rehalogenation, the original \vci-:V 
were restored. It is therefore evident tliat there is a close anrji).,,. 
between the action of light and the action of ozone. The 
stability of the haloids as shown is that which might be prolb-.: 
from a knowledge of the heats of formation and other eharuotiTi,!:., 
of the tliree substances. 

When exposed to sunlight in the presence of ozone, the filu^, , 
lost weight more rapidly than when exposed in air ahmi', l^ 
example, a six hours' exposure with a chloride film showed a b.. 
of 22-2 per cent, of the total chlorine, with .silver bromide, a lo.sv' 
9*5 per cent, of the total bromine, and Avith silver iodide, a kiss,.- 
9-3 i)er cent, of the total iodine. These results show that 
accelerates the dccomjiosition by light, prol)ably by oxidisint: 
silver as soon a.s it is formed and in this way hindering the revov- 
actioii. The tigiires given do not indicate the saun^ ord('r of .stabiiiiv 
as those for the aetioii of o/.oih“ in tluj dark, but the deeoaijjo-;)!],.; 
in light is complicated by other factors. The three haloids a:, 
differently sensiti\e to tlu; vaidons wha'C- lengths, tla^ brumd 
reaefiug mneh more readily to blue rays than either of the fitlK-r 
Furtliei', the differences in tlnnr adsorptive ])owers, and the iM-:- 
ences in volatility of the halogens I liemstdees, exert 
infiuence. It may be reinark<‘d also that it is not [Kjssible tueiisiir. 
by the metliods used in tin* presetd work that the three liltm jr(ti.. 
the same illumination, even altliougli tlu'v may be expo-^ed togiib: 
The want of flatness of the suj)p()rting silica films, consequent c. 
their mode of construction, and the dillieulty of ensuring that'll'.' 
light objects, when hanging fnady, present their face.s ahiay- 
normal to the incident illumiiiatiun, make direct quantiiatiL 
comparison rather uncertain. There, ean, however, be no rlop: 
that the presence of ozont* accelerates the decomposing action ■: 
light on silver haloids, although it is eipiaily certain that tlic ciiaig' 
take place quite readily in the absence of oxygen. 

The question now arises whether the a(.dinic decomiiodtion '■ 
the sil\ (■)' haloids can be made complete. Prcviou.s work had d"''’ 
that, althougli the actions were nwersible, yet tlicre uas p 
difficult}' m obtaining any considerable loss of halogen, evcii ah' 
prolonged iiTadiatioii. The present Avnrk itidieates (hat tlicmc"'- 
for this beliaviour is due to the opacity of tin- material in itoH' 

I0 the condensed layer of gase,^ 011 the siirfae*' [.treveiilnn' 
diffusion of the liberated halogen from the sphere of action, i- 
])osurc of very thin films in a vacuum removes these hitulraiv^ 
and decomposition is then rapid. If the concentration 0 
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haio^^t'ii in the exposing vossc] is kept negligibly srjiall by th(^ presence 
of a suitable absorbent, it should be possible to get complete deeom- 
In the experiments here recorded, the rubber grease 
used oil stoppers and taps doubtless acted as a good absorbent for 
the small amounts of halogen eoneenied, but some of tin* rc'sults 
^Vfi'e vitiated by the condensation of its vapours on the lilms. It 
is not quite evident why this cifc'ct should hav(' lic'cn so pnjnounced 
|j,) the case of the chloride and iodid(‘ ('xp(‘rim(‘iits, although the 
hvi-ather lias then comparatively hot and also a new sample of tlu' 
Igrciise. of rather lower melting point tlian tlu' lirst sp(*eimen, was 
gsed. ( Vrtaiiity in the results can only be olitained by avoiding 
liie use of rubber grease altogether. 

; I'lecontly tlie question has been attacked in a difb'rent and most 
ii]geni(ius w^y by Elders and Koch (Z. /Vrys//;, 1020, 3, 100). ’I’hey 
snsjR'mled excessi\ely minute partiidi^s of silver }jrf)mide between 
;the cliarged plates of a condenser and measured thi^ alteration of 
potential which was needed to keep tlie [larticlps in position after 
illumination. The results obtained do not always agree with those 
given above; for example, a gain in weight was observed in air. 
and a loss in nitrogen. Xo ci'itieism of this work is veniun'd 
hiraiise only an abstract of the authors' papen* has been available: 
one wDiikl think, lioivever, tliat difHciilties in connexion with 
a(l>()r])1ion and variation of charge must h(‘ vm'\' Lfreat with particles 
of siieli minuteness. 

Siunnun-y. 

1. The microbe lance has been applied to tlu^ stud\- of tin* action 
of light on silv('r haloids. 

2. It has been sliown that thin films of th(^ chloride, bromuhy and 
in<li(le of silver lose weight \^'hen exposed in air to sunlight. This is 
due to lews of halogen, and the origiTial weight is almost completely 
rt'stored by rehalogenatio?i. 

h i'he decomposition is greatly accelerated in a vacuum. It has 
been shown that silver bromide decomposes into .silvcu’ and bromine. 

4- Evidence is adduced to show that the chloride, and ijrohably 
also the iodide, behave similarly. 

Jhe decomposition of the lialoids is accelerat('d by ozone, but 
the presenee of oxidising agents is not essential. 

•^ly sincere thanks arc due to ih(»fes.sor t)rme Masson for his 
kimily and critical interest iji the work, and to Mr. C. .Ampt, 

> foi ex]>ei't a(hice on ail matters eomu'cted with the 
'•'‘‘"ipulation of the microbalance. 

tsjwuc.\j, L.vbuhatouies, 

bxTvEitsiTv or MEnBuriiNE. J^ivaad, J.krn,dn r 'IVfh, ptJl.j 
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LXXl^,— Purification of Phosphoric Oxide. 

By George Ixole Finch and Raymond Harold Kelsalt, 

Even the purest samples of phosphoric oxide obtainable com. 
mercially invariably contain more or less considerable traces (ii 
impurities, consisting, for the most part, of lower oxides of phos. 
phorus, the presence of which can be readily detected by tlicji’ 
reducing action on solutions of silver nitrate or mercuric chloride, 
1’licso lower oxides \'olatilisc readily and are powerful catalyst 
poisons. It is therefore essential that phosphoric oxide, who, 
employed as a drviiig agent in the experimental study of hetcu!- 
gcueous catalytic gas reactions, sliould be free from such inipuritks. 

^ 'rhreltall {Phil. Mn<]., 1893, jv], 35, 14) ])re])ared purr plio>. 
jihoric o.xldc by distilling the commercial product in a eiin'cnt of 
oxygen over platinised asbestos. Shenstone and Beck (T.. ISliH, 
63", 47o) tried Threlfall s motliod,, but found that platinised asho.sto.v 
was unsatisfactory and used instead platinum sponge. Travets 
(” Experimental Study of Gases." p. 41) throws commercial pho.. 
phoric oxide into a red-liot porcelain basin and stirs the nia-ss in a 
current of oxygen. Baker (private communication) has found tli:u 
none of these methods is satisfactory, the chief dcdects f)cing tlu- 
poor \ ield.s (ihtaiiiahle and the amount ot attention refjuncd to 
supei'N'ise their ])i'Osecutinn. He distils commercial phospiioric 
oxide at a tenp^erature of from 180° to 210^ in a current of oxygen, 
but employs no eataly.st. The yield is ])ooi’ (about 10 per cent,!, 
but the process, althougli long, reepnres a minimum of attcntioiK 
We have compared this method with that of Sheiistone nm\ Beck, 
and found it greatly sU]>erior to the latter. Trasers s process wa.- 
also tried, a red-hot iron ba.siri being substituted for a porcelain one. 
not only, however, was the yioltl poor, hut also the product was not 
five from lower oxides. 

As a considerable quantity of phosphoric oxide \\'as required Iw 
us, an attempt w’as made to demise a more satisfactory metliod of 
purification, bv means of which a better yield could be obtained more 
rapidly than is pos.siblo by any method hitherto employed. In the 
method about to he de.scribed, phosphoric oxide was sublimed at a 
bright red heat in a current of dry oxygen. 

The apparatus consisted of an inverted T-pie(‘(\ OABC, of >tout 
iron pipe, a portion of which could be heated in a lurnace to a bii,;. it 
red heat. A gla.ss tube, BO, provided Mitli a ralo' of iron wire and 
closed «itl\ ii 'oi'k, litted into the top of the vertical limb of the yn 
pipe at B. At C, one end of a piece of combustion tubing i Ip 
long fitted into the honzonial limb of the iron pipe; the otlier em 
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tered a large glass bottle, E. Glass-to-iron joints were cemented 
odh phosphoric acid and any leaks soon became cholccd by the 
u\a sublimate. The part of the iron pipe within the furnace 
maintained at a bright red heat and, while a steady stream of 
(ii’V f>.x v'^en from a cylinder was admitted at A , the impure phosphoric 
'jxide with which the glass tube BD had been filled was raked down 
the hot pipe a little at a time. The phosphoric oxide sublimed 
unuediateVT and the sublimate was eartied along, in the current of 
oxv^^eumto the cold tube, CE, where the greater part ot the sub- 
limate condensed. A small part oi the pent oxide was carried into 
the bottle, E, where it served to dry the air surrounding tlie oixm 
end of the glass tube. Tbe phosphoric acid ])roscnt in the commercial 
pentoxidc remained behind in the iron pipe as a molten glass. 

i'lG. 1. 



An approximately 50 per cent, yield of purified phosphoric oxide 
was obtained. It was partly crystalline and partly amorphous, and 
was tested for lower oxides of phosphorus in the following w'ay : 
0'5 gram of the sublimate w as dissolved in water and neutralised to 
methyl-orange with sodium hydroxide ; to this was added a slight 
excess of a solution of silver nitrate. The solution and the white 
precipitate of silver phosphate were boiled together for five minutes 
without any change taking place in the colour of either, whereas, 
when the same test was applied to the original commercial phosphoric 
oxide, silver phosphate of a dark brown c(.)lonr was produced. 55 e 
had no difficulty in preparing in t his way 50 grams of pure pent oxide 
in one hour, 

In conclusion, we dcsii'c to state that one of us (R.H.K.P.) has 
been assisted in this work by a grant from the Department of 
Scientific and Industrial Research . 

JJep.artjient of CiiK.wiCAL Technology, 

ImPERLAL COLl.EUE OF ScTKNl'E .A.ND I'CCIiNOLOG V, 

South Kknsin<;t(in. S.M'. [Rtceircil^ 3/ofr/( lit-l-l 



694 


JACKMAN AND BROWNE : THE 25®-ISOTHERMS OF 


LXXX . — The ‘Isotherms of the Systems Magne.^iy-^ 

Nifrate-Sodium Nitrate-Water and Magnesiiun 
S uIphate-M agnesium Nitrate- W ater. 

By Douglas Xok.man Jackman and Agnes Browne. 

The qiiatoi’nai'y j>yst(‘ni Xa-^rg-XOg-SO^-H.jO is of interest as it 
occurs naturally in tlu' Chile nitrate d(‘posits. 

Of the four ternary isotherms required for the investigation of 
til is system t^vo are known : 

Xa.vSOj MgSO^- H^O (Blasdale, ■! , hid. Eng, 12 

164).’ ' ' ' 

Xa^SO^-XaXO^ lUO (Massink. Z. phy.iikal. ChpM., 1917, 92,851) 

Xo M'ork lias been published on the systems X'aXO.j-Mg(M0 ), 
H^O and i\[g(X 03 )o Mg804- H^O. The 2o^-isotherm of each ui 
undertaken in this laboratory, the latter hy Agnes Browne. 

k \ e E K [ M B N T A L. 

T1h‘ sodium nitrate and magnesium sulphate used Mere pure 
analytical reagents. 

Tfie magnesium nitrate obtainable was found to contain a .small 
amount of sulpliat('. This was removed by tlie cautious addiiiun 
of barium hydroxiik^ foll(iw(‘d by treatmmit of the boiling solulion 
M'ith carbon dioxide. Tin* filtered liijuid wa.s allowed to crvstallisr 
and the solid twice recrystallised. The product w’as free fruin 
barium and snip hate. 

In order to obtain an isothermal .separation of the .solid and 
liquid phases, the ajiparatus shown in Fig. 1 was employed. 

Tile only points requiring explanation arc the filter, 4, and the 
loose but water-tight joint, H, whiedi consists of a sleeve of rubber 
tube. Tile filter i.s composed of tw'o layers of fine linen fastened 
over the widened end of the 11 Iter lube witii a ru liber ring. Quantities 
of the two salts and water were introduced into the left-hand tube 
in proportions to. give approximately the reituircd phases. The 
tube was then closed and its contents were slirrial in the thermostat 
at 25" — 0T“ for twelve to twenty-four hours. It was found 
desirable slightly to w-’ann the mixture before placing it in the 
thermostat. Tiro filter-tube, A, was raised during stirring and 
lowered to the bottom a.s soon as stirring ceased. The solid phase 
then collected above the filter so that gentle suction through (' 
caused the collection of tlic liquid phase in />, leaving a moderately 
dry rest," The whole apparatus was then removed from the 
thermostat, and the tub^vs were dried, disconnected, and stoppered. 



the systems magnesium ??itrate-sodium nitrate, etc. 095 


Xliey were then weiglied, the whole of each phase was dissolved in 
;nitcr, the soluticais wen: diluted to 250 c.e.. and 25 e.e. were 
,,jip|(wed h.ir each estiiuation. 

(1) 'rile system XaX()..-Mg{X(y., H/). Magnesiunj 

was {'stinuil(M:l as }>yroph<).s- 


j/hate. Direct estimation of 
sodium being very troiibh'- 
this method was em- 
jiiovcd only to locate the 
last lln’C(' points on tlu' 
iliaiJi'ain. wliere a “ differ- 
ence method would be 
liable to show considerable 
errors on account of the 
jaiall amounts of sodium 
present. For the estimation 
of sodium by difference, tbi' 
total nitrate Asas estimated 
livrodurdion with Devarda's 
alloy. It was found ncci's- 
sarv to add the strong solu- 
tions of jiotassium hydroxide 
■slowly troin a ta])-{unnel in 
urdcr tn avoid alkaliiK' fog 
being eariied over during a 
rapid evolution of liydrogen. 
An analysis of th(' pure 
sodium nitrate gave d-oGt 
pmun taken; O-GG:.! gram 
touml. A blank experiment 
showed that no alkali was 
caiTied over from the 
luateriaLs u.sed into the 
rpfciver. 

For the direct estimation 
'■'f sodium, tlio followijig 
iiielhod was employed ; 50 
o.c, of the solution were 


tTo. l. 



I'apmated in a platinum disii, and the residue was dried and ignited 
« decompose magnesium nitrate, TIk^ residue was (‘xtracted several 
limes with water to remove IJie sodium salt. The magnesium o.vide 
ys dj.ss„Ked in strong nitric acid, ami the solution evaporated, 
yiitcu, etc., as before; (lie aqueous extract ivas added to the 
prev,ou.s ones. Tlic eombined extracts were evaporated to dryness 

p p* 2 
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twice with concentrated hydrochloric acid, and the sodium chloridj. 
formed was titrated with silver nitrate solution, 

(2) The system MgS04-Mg(N 03)2-1120. Magnesium and sulpha^,, 
were estimated in the usual way and the nitrate was obtained l)v 
difference. 

//esw//<s'.— The following tables give the percentage composinf,,, 
of the liquid phases and some of the corresponding rests." p 
W’as not considei't'd necessary to analyse all the intermediate “ rest.s ' 

Table L 

Mg(N 03 )o-XaN 03 -H 20 . 



Liquid. 







3. NaNOa. 

IIjO. 

Mg(NOd,. 

NaNO.,, 

H,0. 



47*60 

52-40 





4-3a 

42-56 

53-09 





;i-82 

30-58 

53-60 

3-8 1 

7S-US 

18-11 , 


12- BO 

32-93 

54-47 





lG-12 

25-25 

28-39 

18-26 

55- 49 

56- 49 


— 

— 

NaNOg. 

20-90 

17-00 

50-10 


— 



34-24 

IMO 

54-66 

12-20 

69-70 

18-10 


30-98 

9-70 

53-32 

11-70 

72-00 

16-30^ 


38-25 

9-22 

52-53 

39-70 

30-60 

29-70 

XaXO, 








40-00 

5.12 

54-88 

45-54 

3-35 

51-11] 

1 

40-84 

3-37 

55-79 

49-40 

1-80 

48-80 ' 

Mg(NO.d/)H,i 

43-25 

— 

50-75 



1 

1 


Fig, 2. 
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Table il. 


Mg(N 03 ) 2 -MgS 0 , H, 0 , 


“ Rest.” Solid pliase. 


),\g(S0s)r 

MgSO^. 


MgtNOa),. 

MgSO,. 

HsO. 


20-30 

73-70 





s 

17-85 

73-27 

3'42 

4()'7() . 

.“5-88 



12-53 

71-91 

5 '44 

37-53 

57-03 



6-56 

07-54 

0-24 

39-49 

54-27 

MgSO„7H..O, 

•}■■>• 'T2 

4-18 

63-00 

14' 84 

28-73 

50-43 


iJi-OT 

3-02 

61-31 

8'54 

39-27 

47-81 



3-09 

59-10 

11'40 

SO'OO 

52-58; 


40' 15 

2-77 

57-08 

4M3 

0-56 

52-31 

MgSO,.7ir,/)- 

5Ig(XO;).,t>H,0. 

40-76 

43'25 

1-02 

58-22 

50-75 

43-75 

0-7 7 



Fig. :L 
H^O 



Sion iHfinj. 

It has been shown that in these t\to systems no double salts or 
solid solutions are formed at 2o , 

Our thanks an.- due to Professor K, 0, Donna n, F.R.S., for 
suggesting this investigation. 

CheMIC.VL L.\B0RAT0HV, UXTVh:E{SJTV COLLKGi:. 

GowEti Street, London, W.C.l. ^JUviirdl, Mairh 7//o 10:^2.] 
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liXXW.- The Decom-position of Ammonium Xliruif. 
hj HeaL 

?>y Hokack Leonaed Saunders. 

This research was undertaken owing to the many reports rogardin- 
the manner in which ammonium nitrate decomposes wlien heated 
These reports agree in giving the main course of the reaction 
Xir^XO^ — >• X^C) ; ^H^O, hut nitric oxide, nitrogen jKToxif],. 
free ammonia, and fr(‘e nitric* acid have also hc'cn found. 
nients arc given only in one instance, wliere the reaction u;|^ 
carried out at a red heat (Favre and Silbemnann, .rtoi, c/ii,;. 
pht/s,, IS.ri, [iii], 36). It is well known that if amnioiiium jiitra,,. 
i.s too strongly hc'ated when used for preparing nitrous oxitlr 
red fumes are produced, and soon will follow a rather violctn 
explosion. Hence there must be some change in the nature df 
the reaction at this point, cither with regard to time or temperature, 
If the nitrate shotdd contain small quantities of chlorides, the ga. 
evolved invariably contains chlorine. Tlie ])rol)h'm tluis becomes: 

1 . To ascertain the nature of the (lc('om])ositiou of pure annaoniuni 
nitrate at moderate temperatures, 

d. To ascertain how the presence of .small quantities of comnionh 
occurring impuritie.s modifies this decomposition. 

3. To ascertain the nature of the explosive decom])ositi()ii. 

The method selected for estimating the nitrous oxide* wio 
exj)lo.sion with excess of hydrogen. 

Ammonium nitrate of commerce is liable to contain chlorides and 
sulphates of animouia and sodiinei and also sodiuni nitrate in (|Uaii 
titics up to l‘o per cent. Therefore the influence of each iriquiritv 
must be investigated. The first ])art of this research was direrted 
to the decomposition of the specially purified nitrate. It wa.' 
dried at 100^ for two days and reduced to a fine powder, hi fill 
the experiments, unless otheruise stated, 40 grams of niiUeri!)! 
were used. 

Outlinf of //m J/rt/iod. 

'riie ammonium nitrate is heated in a large tube, H (Kig 1). 
which is placed in a thermo.flat, containing an oil of high hoiliiig 
point, the temperature of which is given by the thermometer. M 
Stirring is effected by the automatic fan, E, and the mill wheel. (». 
The temperature of the nitrate is given by a second thermometer. •/, 
the bulb of which is immersed in the molltm mixture. The prodiK-u 
of the reaction are led away to a condensing tube, L, where an acid 
liquid collects, which may he draeVn off by turning the tap. Irntii 
here the gas pas.ses on to M or X, as may he necessary. X contains 
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(limn hytlroNKlc to absorb acid vajmurs or ehtorinc ({). 7(>o). 
dUT tbi^j collected over mercury in the vessel, 0. This 

, \iiav noM' be submitted to analysis in the Haldane apparatus. 
Hic required in these experiments is passed into the 

l.iirrttc T, Avhich contains alkaline pyrogallol to absorli traces of 




diffused (ixygon. Furtlier. the rubber joints tlirougli which the 
hydrogen pas.ses are varnished with shellac to minimise diflfusimi. 
Haldane'.'; appai-atus is slightly niodibed ; the stem of P is graduated 
111 1 100 C.C., the ex])losioTi (diairiber is made double the usual 
^izc, and a new form of spark ga|:> sul)stitutcd, where one electrode 
forms an arc at tlie centre of wliich the other is situated. (Wlien 
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the ordinary form was used, some of the explosions were very 
violent, often shattering the tube.) 

By suitably turning the taps 3, 5, 6, a sample of the gas is 
over into P and measured, the liquid in the compensating tube 
being meanwhile adjusted to the mark on V. The gas is 
to the explosion chamber S, which was previously full of mercurv 
and the tap 7 closed. The capillary tubes from 5 onwards are 
washed out by drawing hydrogen through them, and then filled 
again with mercury. By turning taps 4, 5, 6, hydrogen is admitted 
into P, and its volume measured as before. It is then passed into 
S, and mixing ell’eeted by passing the gases from 8 to P and hack 
again five times. The tap 7 is closed, the pressure reduced, and 
the mixture exploded by a spark from an induction coil. After 
the lapse of a few minutes to allow for cooling, the gases are passed 
back into P and measured. The level in V should remain undis- 
turbed when this tube is again put in eommunieation with ./?; if 
this is not the case, a correction may be applied up to 0'5 per cent 
or the experiment is repeated. The proportion of hydrogen used 
is adjusted so that it is always just in excess of that required: 
a large excess limits I lie completeness of the reaction. 

All the preliminary expm'iments u ei'e made in the above apparatus 
including the series in which I'ises of temperature were measured 
(chloride mixtures, p. TtKa). In order to obtain satisfactory ri'snlts, 
it \va.s found that tlu're must be nc) cork or laibber at any place 
uliLTc heated products of the reaction must pass. Thus the tube? 
H, K, L were fused logetluu'. and H was fitted with a ground -glass 
stopper to facilitate the introduction of the nitrate. 

The gasp.s were t rested for nitrous oxide, nitric oxide, nitrogen 
peroxide, ammonia, nitrogen, and iixygen, the last alone beiu» 
invariably absent. Samples of the gas evolved at 240“ were 
passed through ferrous sulphate so hit ion for lialf an hour, but 
no colour change was observed; hence the quantity of nitric 
oxide must have been very small. Any nitrogen peroxide will 
have been absorbed in the sodium hydroxide in X, fmt the amount 
was very minute., TIk' nitrous oxide was found as stated above, 
and the free nitrogen given by difference. The estimation of the 
nitric oxide and nitrogen peroxide was carried out in the following 
way : the sodium hydt'oxide tube was removed and the 
w’ere pa3.sed through an acidified solution of potassium iodide, 
the volume of the gas being afterwards measured. The liberated 
iodine was titrated with thio.sulphate, and the volume of nitrogen 
peroxide corresponding with the iodine calculated. The nitric 
oxide and nitrogen peroxide were then estimated together. A 
known volume of the gas was collected over mercury, and a few 
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■ e of dilute potassium iodide solution were introduced into the 
which was then shaken. Owing to the solubility of the nitrous 
oxide, a slight vacuum was produced, and air was then admitted 
^0 that the nitric oxide was oxidised, and liberated iodine. This 
process was repeated several times, and tlie iodine titrated as before. 
Xhe nili’ic oxide was then found by difference. The results are 
(riven in Tables 1 and 11, 

^ Tap.ee I. 


Nitrogen peroxide. Nitric oxide. 


C.o. et gas 

Nitrogen peroxide. 

C.c. of gas 

(NO^H NO). 

Nitric oxide. 

taken. 

Per cent. 

taken. 

Per cent. 

Per cent. 

500 

0‘001 

100 

0-0024 

0-001 



0-0022 

0-0024 

- 



2<)() 

0-0023 

0-0024 



The following results shotv a series of time reactions, readings 
bring taken halfdiourly after the apparatus was free from air. 


Table IT 

Percentage of nitrous oxide in the gas evolved from tin* pure 
nitrate, 




\'oI. of 


NitroUrf o.xidi 

Temp. 

\ o!. of gai 

s.* liydi’Ogpn.* Contract io)i. 

Per cent. 

233“ 

712 

867 

794 

97-5 


703 

790 

683 

97-2 


726 

781 

707 

97-4 


732 

882 

717 

98-0 


715 

904 

700 

98 


710 

766 

693 

97-7 


722 

908 

708 

98-1 


706 

923 

694 

98-3 

220“ 

712 

918 

695 

97-6 


715 

850 

697 

97-5 


709 

901 

693 

97-7 


713 

923 

699 

98-1 


705 

784 

686 

97-3 


717 

831 

700 

97-6 


743 

S57 

729 

98-1 


720 

857 

707 

98-2 


705 

896 

691 

98-1 

234" 

724 

918 

704 

97-3 


721 

912 

706 

98 


700 

912 

682 

97-4 


712 

923 

69,7 

97-6 


715 

912 

TOO 

98 

202" 

718 

073 

706 

98-3 


727 

916 

716 

98-5 


713 

910 

701 

98-3 


720 

902 

70S 

98-3 


720 

965 

705 

98 


718 

953 

702 

97-8 


738 

980 

723 

97-!) 



* In hundredths 

of a c.c. 
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Decomposii ion of the. Pure Nifrafe [up fo 2G0”]. 

Pure drj^ ammonium nitrate decomposes only slowly at 20fi'- 
liberating 20 c,c. of gas per 50 grains of nitrate per hour. The 
nitrate first melts at 169°, then dissociates into nitric acid and 
ammonia, and begins to evolve a gas containing 08 per cent, of 
nitrous oxide. Pree nitrogen is always present; the quamitv j.; 
nearly 2 per cent, up to 260° and considerably exceeds this at 
higher temperatures (see p. 710). Nitrogen peroxide and nitiif 
oxide arc also present, the average amount Ixdween 220° and 2(;(i- 
being O’OOl per cent, of each. 

The liquid |)i'uduets of the reaction eontain nitric and niti'hih 
acids and a small quantity of ammoninm nitrate, which, U-in-f 
volatile, i.s carried over with the gas. 

There is evidence that, after dissociation, the action hetarrn 
the ammonia and nitric acid proceeds even in the condensin'* 
tube; a glass rod hold at the mouth of tlie heating tube is quieklv 
coated with a deposit of nitrate, \vhereas in the condensing tuho 
only a trace of ammonia is found. 

The following equations represent tin' course of the decom- 
position : 

1. NHiN(\ — NH3 f HXOg 

2. X>0 + 2H..,0 

:i. 5XP3 - rmxo” 9II2O 4X0, 

the second denoting the main change. In siippoj't of tlie third 
we have the fact that the liquid whic-h eolleet.s is aluavs acid, 
showing that an excess of ammonia is used up in the reaction; 
also free nitrogen is always present, 

The rate of evolution of gas increases with rise of temjmnUiirc 
and up to 250° i.s steady. Above this point, the gas is often evolved 
in rushes, and in two instances a slight explosion took place jiisi 
above 260". The experiments were thcrdoiv' not eai'i'ied furtlicr 
in this form of apparatus, 

The Infiuemii’ of Ini pur if if-.':. 

(«) (7dor/i/es‘.— The commonest impurities in commercial am- 
monium nitrate are the chlorides of ammonia and sodium. In 
order to study the modifying influence of these substances, a scries 
of mixtures wa.s Juade containing quantities of chloride ranging 
from OT to 2 per cent. In all cases the impurity “ was s])ecially 
purified by recrystallisation. A known (|uantity of the inixiurc 
is introduced into the tube //. The t('ra])eratijr<‘ of the theriiio.^tal 
having been adjusted, the tube is inserted, and the gases an' 
collected in the ordinary manner. The tube L acts as a condenser. 
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•111(1 the gases, after passing this, flow through tiio tube containing 
lodium hytiroxide, M'here chlorine is absorbed. The sui-face of 
ihe Qiercury in 0 is covered with a layer of sodium hydroxide 
solution to en.sure eojuplete absorption of chlorine. The remaining 
(fa<es arc then submitted to analysis as before. In order to make 
^jieasiiremcnts of the quantity of chlorine present, the gas is passed 
through the tube M into a solution of potassium iodide, the remain- 
gas being collected over mercury and its \-olume measured. 
'Plio i)ercentage of chlorine may then be calculated, 

Kic. 2. 


tiniph ^lioivinp i-o}yi'poSit(on (jJ tjan whm am/>ionlum chloriih' i’.s pi'Cf^nnt. 



These exjjeriinents w('rc coiiducled liefore in two complete 
series; in the first, general observations were made and rises of 
temperature noted; in the seeond, where the joints were glass- 
sealed, the final reading.s were taken. The reason for making the 
two series is as follows, When the tera])erature of the mixture 
is gradually raiscai until the reaction sets in. there is a sudden 
evolution of gas which contains chlorine; then the action suddenly 
slows down. On account of the rush of gas at first obtained, it 
was thought that then* might be an initial rise of temperature, 
and on introducing a second thermoineti'r into the reacting mixture 
this was found to he tlic case. This rise depends on the quantity 
of the reacting substances ana the temperature of the thermostat. 
It was therefoie not p(,)ssihle to keep the temperature actually 
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constant, and the following method was adopted — the thermostat 
was set to a definite temperature, and by means of a second 
thermometer the initial rise ^vas measured. Once this preliminary 
reaction was at an end, the temperature gradually fell to that of 
the thermostat. The initial reaction was usually completed in 
from five to thirty minutes. Table III gives the rises (the dilTer- 
ences of columns 2 and 3) and induction periods for variou<. 
mixtures. 

An examination of the relative amounts of chloride in the original 
and final mixtures from which the gas w’as being evolved showed 


Fig. 3. 

(haph showing composition of gas when sodium chloride is prcscht. 



that the chloride wa.s decomposed faster than the nitrate. Hence 
it might be expected that the final composition of the gas would 
be the same as that evolved from the pure nitrate, provided that 
the heating were continued long enough. 

Five sets of experiments were made, using 0*1, 0*25, 0’5, 1, and 
2 per cent, of chloride respectively, These were conduc.tcd at 
different teniperatiu'es, and in each case measurements were made 
of the quantity of nitrous oxide, chlorine, and nitrogen in the gas 
evolved during the preliminary reaction. The results are .shown 
in tables IV and V and illustrated in Figs. 2 and 3, .According 
to the above experiments, the actual temperature of tin* niohen 
mixture was some 10’' to 20'’ higher than that here represented. 



the decomposition of ammonium nitrate by heat. 705 

This rise was a somewhat variable quantity, depending on the 
mass and other factors. Therefore the same weight of material 
used on each occasion and the temperature of the thermostat 
taken as the basis of calculation. 

The modifying influence of sulphates and sodium nitrate was 
next investigated. 

Table III. 



Temp. 




Temp. 




of the 

Temp. 

Period 


of the 

Temp. 

J^eriod 

Iinpufity 

thermo- 

of tlio 

of in- 

Impurii y 

tliermo- 

of the 

of in- 

per cent. 

stat. 

mixture 

duction. 

[)er cent. 

atat. 

mixture. 

duction. 

al NH 4 CI 

215“ 

224“ 


0-1 XaCl 

210 “ 

222 ' 

— 



220 

— 


,, 

219 

— 


193 

— 

1 hr. 20 rn. 

0-25 „ 


218 

15 min. 


20.5 

222 


0-5 „ 


223 



215 

230 

1 0 in in. 

1 

200 

214 

20 „ 


185 

198 

25 „ 



213 

20 .. 


205 

222 


2 ,, 

210 

233 

30 „ 

1 M 


225 

,, 


230 

200 

1 M 


200 

2U 

15 „ 

1(>7H4),S0 

, 210 

221 

10 „ 



215 

15 „ 

2 


215 

20 „ 

2 


218 

27 „ 


220 

225 

— 


Table l \\ 


Table showing the variation of the amo\int of clilorinc in the gas 
with different percentage admixtures of impurity and with 
temperature. 



Impurity 

Chlorine 


Impurity 

Chlorine 

Temp. 

per cent. 

per cent. 

Temp, 

per cent. 

per cent. 

192“ 

0-1 Nad 

0-6 

193= 

01 NH 4 CI 

0-8 

212 

jj 

0<90 

212 

1-5 

235 


1-9 

230 


2*2 

196 

()-25 

1-6 

100 

0>25 

1*2 

200 


1-9 

203 


1-5 

234 


2-7 

235 


2*2 

194 

0‘5 

1-0 

190 

O'. 5 

1-3 

2 ().i 

,, 

2-2 

205 


2-0 

230 


3-85 

230 


31 

191 

1 

2'0 

191 

[ 

— 

205 

,, 

2-5 

205 


2-45 

236 

,, 

3-8 

235 


41 

195 

2 

2-4 

196 

2 

2*35 

210 


:P5 

20.5 


31 

230 

,, 

— 

230 


5*75 


(Jpiieral iS^ature of the Results obiaiiud with Chloride Jlixiures . — 
It is difficult to state definitely the temperature at which the 
decomposition coiiimences, Taking as a typical example the 
behaviour of 50 grams of a mixture containing 1 per cent, of 
ammonium cliloride, the reaction sets in at 199® if the temperature 
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Table V. 

Table shouing the composition of the gas (by aA'iM’ages) with re]uti(,ij 
to teinperaturo. 


Ammonium chloride. fcjodiuin chloride. 

Impurity — . - — . 


per cent. 

Temp, 

Cl,. 

N^O. 

N,. 

Temp. 

CL. 

N^O. 

LL. 

0-1 

19:d 

0-8 

70‘0 

29-2 

192® 

0-6 

70-6 

28-8 


212 

1-5 

59-9 

38-6 

210 

0-95 

59-0 

40-0,' 


230 

2-2 

53'3 

44-5 

235 

1-9 

52-8 

4.3-4 

0-2.') 

190 

1-2 

75-5 

23 '3 

19G 

1-6 

69-4 

29-0 


205 

1-5 

64-2 

31-3 

20G 

1-9 

59-8 

3S-3 


235 

1-75 

524 

454 

230 

2-7 

50-.5 

46-8 

O'd 

190 

b3 

73-8 

24' 9 

194 

1-6 

71-2 

27-2 


205 

2-0 

C2'2 

35'8 

205 

2-2 

59-8 

38-9 


230 

3-1 

48-5 

484 

230 

3-6 

47-8 

48-G 

1 

191 

1’9 

70-0 

284 

191 

20 

71-0 

26-4 


205 

2 '45 

59-0 

,3 8 ',3 5 

205 

2-6 

59<0 

39-4 


235 

f-l 

43-3 

52'6 

236 

3-8 

43-3 

52-9 

2 

196 

2-4 

61-0 

36-6 

195 

2-4 

65-4 

32-2 


205 

3-1 

52-2 

44-7 

210 

34 

54-4 

42-2 


230 

5" 75 

37-0 

5 7 •25 






The graplis are const meted from tliese tables. 


is raised directly. If the same mixture is kept at 180", the aefion 
will start after one and a ([uarter hours; and the temperature mav 
now be lowered to 175" without causing it lit stop compictelv. 
At 210", the deeompfisition is not unduly rajiid, hut at liichor 
temperatures tlu^ mixture froths violently and is carried over Iw 
the rush of gas. 

When any mixture is raised to a jiarticmlar temperature there h 
at first a passive period, \'arving from a f('w minutes to one and a 
half hours (Table ffT), depending on tlie amount of impurity 
pre.sent, on the teinpei'ature, and possibly on the pres(mce of free 
nitric acid (eomjjure \>ley, Chew. 1S83, 41 , 200). Then a 
new reaction sets in, cldorine is evolved, and in some cases the 
amount of nitrous oxide falls by .70 per cent., wliilst the percentage 
of nitrogen increases. This is accompanied hy a marked rise of 
temperature, and (lirectly this has attained a maximum the flow 
of gas suddenly slackens. During the first period tlu' composition 
of the gas remains constant for any particular mixture, but as .<oon 
a.s the temperature begins to fall, most of the chloride having 
decomposed, the compo.sition of the gas gradually apjn-oximates 
to that given by the pure nitrate at the same temperature, the 
process taking several hours, 

The action of the chlorides of ammonia and sodium is very 
similar, that of the former being the more marked. In all cases 
the amount of chlorine present depends on the amount of impurity 
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ui(l on the temperature. The action of the chloride is certainly 
':atalvtie in character, 1 part in 1,000 being quite sufficient to 
dicr ciitireiy the main coui’sc^ of the decomposition. 

Of the three reactions mentioned on ]). 702, the last assumes an 
j,,i|iortant part in the ease of chloride mixtures, especially when the 
temperature rises above 215°, the chloride accelerating this reaction 
•md not the second. Further, the acid liquid wliich collects in the 
,,„idcnsing tube now contains hydrochloric acid also, and this may 
y formed by the interaction of chlorine and ammonia -llOU + 

y ]V.> -f 6HC1, thus accounting for the presence of some 

„j' the nitrogen. Tlie chlorine is probably form(‘d l>y the inter- 
of the hydrocliloric and nitric acids set free by dissociation. 
[I)) Ammoninn) Sulphate. — With a 1 per cent, mixture the tem- 
|n.T;itiirc may be raised to 20(F before the action sets in, with an 
initial rise of 10'. The action is very sluggish, the more so as 
the proporti<jn of sulphate is increased; with a 2 per cent, mixtun^ 
the lowest working temperature is 215'’, when the initial rise is 
ojdv o'’. The gas evolved sometimes contains a trace of ammonia, 
hut otherwise there is no change in its coiiiposition. 

(c) SofUiuii Sulphate.— A 1 per cent, mixture docs not influence 
the reaction bet\\'e('u 220 and 250b 
{d) Sodium Aiiratc. Mixtures with 1 per cent, and 2 per cent, 
nf sodium nilraU^ ari‘ without characteristic action. 


Id.rp! os I re />r roiiipos iti (y u . 

Ill carrying out this series of {experiments, considerable modi- 
tications of both apparatus and method were found to he neoessa^^^ 
.small, thin- walled, iron eyliiider, C (Fig, 4). was u.sed, in which 
the nitrate ivas heated. It i.s fitted with a cover containing a glass 
observation tubt', D, plugged with glass wool, and a hole just large 
(‘Mough to take the tube F. The otlier part of the apparatus 
(■(msists of two flasks, A and Vd, Ihnrouglily diled and connecteil 
Iw means of capillarv tuliing with a three-way tap, all joints being 
scaled with jiaraffiii wax. The apparatus having been tested for 
the maintenance of a vacuum, the flasks are exhausted in turn 
by means of a Ldeuss })um]), 

A charge of nitrate is inserted and the temjierature gradually 
raised : white fumes, which consist of sublimed ammonium nitrate, 
appear ill the observation tube, I): during this interval, nitrons 
oxide is evolved as usual and drives out the air from the apparatus, 
turtimr heating causes red fumes to appear, and almo.st imme* 
diatcly there follows an explosion which blows out the pilug FJ. 
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end reaches under tlie tube D. By turning the tap C', 
and then the other flask is filled with the gas from G, the nitroip 
oxide having been driven out when the explosion occurred. 
object of the tube 1) is to provide a means of ascertaining that 
there is no back -rush of gas when the flasks are being fllied. Xhu. 
there are two samples of gas ready for analysis. From preliminary 
experiments, it was found that tlie gases contained large quantitio. 
of nitric oxide and nitrogen peroxide, w-hilst the amount of nitroui 
oxide seemed to [)e very small. Hence a new method of analysiiK, 
the gases was employed. The end of the tube F is inserted in a 
known volume of standard permanganate solution acidified \\[{\ 


Fk;- 4. FiQ. 5. 

n 



sulphuric acid, and the tap opened, when a little of the solution 
enters the fla.sk. The solution is decolorised, a partial vacuum 
produced, and the ta].r is again opened; this process is repeated, 
the permanganate being each time allowed to enter and well shaken, 
until the solution is no longer decolorised, the unchanged per- 
manganate showing that the absorption of nitric oxide is complete. 
The residual gas is now measured at atmospheric pressure. The 
end of the tube F is connected with a suitable gas hiircttc, ^ 
(Fig. 5), and the reservoir, 0, is lowered so that the air in flic 
capillaries is drawn into .V and then expelled through S and T. 
'ITic flask, J>, is put in communication with .V, and the reservoir, ii’- 
lowered imlil the mercury stands at the zero mark. The lap, 
is closed, the levels of the mercury arc adjusted, and the true 
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volume is found. Knowing the volume of the flask and the volume 

the liquid it contains, the true volume of the gas may be calcu- 
This sample of gas is then used for the estimation of 
nitrous oxide. There Avill be a slight error due to the solubility 
of this gas in the pernianganate, but it will never exceed I per cent, 
under tlie conditions of these experiments, and a correction may 
be applit'd. The nitrous oxide is estimated as described on p. 700. 
the method of estimating nitric oxide and nitrogen peroxide is 
■aiTied out as follows. The remainder of the permanganate is 
iuliiutted to the flask, the tap opened, and the cork removed. The 
whole of the permanganate is then titrated with J '2-ferrous sulphate 
until it ii^ colourless. It is best to use a sliglit excess to dissolve 
aiiv jn'ccipitate that may be formed, and to determine the end- 
jioint by back-titration, The volume of pcninanganatc reduced 
l)v the sampki of gas is thus determined. 'Phe total combined 
nitrogen is found by the method of Bowman and Scott. A known 
vciliime of the abovt' solution (permanganate and ferrous sulphate) 
\< nm ^^ith careful cooling into ten times its A’olume of concentrated 
Milphuric acid, and then titrated with ferrous sulphate until a 
liRiwiiish-pink colour appears. At this stage the whole of the 
nitrate, s produced by the oxidation with permanganate has been 
reduced to nitrous acid. The colour change rerpiires 0'2 c.e., 
which is subtracted from the volume observed, in these experi- 
nient.^^, there is yet another source of error- — the presence of nitric 
:ici(i vapour and ammonium nitrate among tlie gaseous products 
(if decam po,ritio]i. To determine what correction has to be made, 
the second bulb, A, filled with the same sample of gas, is utilised. 
By means of the three-way tap a little dilute sodium hydroxide 
Mention is allowed to enter the bulb; this dissolves any nitrate, 
and f:onii>ines with the nitrogen peroxide and nitric acid. In 
(inlertliat the nitric oxide shall not interfere witli tlu' result (owing 
to oxidation and then combination with the alkali), it is removed 
liy lueaiiK of the pump, and air admitted. Then another estimation 
is carried out as before. 

By the permanganate titration, the amount of nitrogen peroxide 
is calculated. Then, by the ferrous .sulphate titration, the total 
nitrate is found. If this is in excess of that demanded by the 
amount of nitrogen peroxide present, the corresponding coiTcctioii 
to be used in the analysis of the contents of B is ap])lied. If 
'' ^ c.c. of A/2-]xn’nuinganatc reduced by tl}e gas in the first 
titration, and It - c.e. of A/2-fcn'ous sulphate reipiired in the 
second titration, after subtracting the above eorreetiom then 
the vo!ume.s of nitrogen peroxide^ and of nitric oxide at y.T.P. 
are2‘8 (3b ~ 2o) c.c, and 2*8 (2a — b] c.c, respectively. 
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Table \T. 

Explosive, decoitrposidoii , 

In earh case the amounts of niti'ic oxide and nitrogen pmjxid 
are calculated from Hie formula, and the remainiiifr irai' 
calculated to X.T.E. and jierccmtages taken. ^ 


Xo. of OXpt. ; 

1 

2 

3 

4 


C.e. of A' ^-KiMnU^ 

1G-2S 

ir>-7 

8-0 

KMi 


r.e. of A’ 2-FcS() 

14-3 

13'3 

Idj 

14-0 

JPi; 

Vol. of XO 

2t} 

23' 7 

]2‘9 


Vol. of XO 

01-2 

o0-3 

28-t) 

48-7 


Vol. of remaining £m.'‘es 

7G 

TG 

42 

SO 


X,0 in 

■ -t 

G * 

S * 

17 


XO, per ci'iit 

lS-6 

lo'8 

15-4 

20-4 

2tMi 

XO 

32.7 

32-7 

34-5 

30-2 


X.,0 


3'1 

4 

84 


X., ,, .. {b\ d'l'f.) 

48-7 

47-:i 

4G-1 

41-0 

4S..^, 

* These mixtures refused to 
was no further contract ion. 

t'Xplode, 

so sparks 

were 

passed 

nniil il,,, 


t The qufuitity of aitmus oxide tlian a per cent, and iiapossil.i, 

to estimate under tlie conditions of tlio e.xperimeni : it is therefore iuciudK. 
with the nitrogen. 


As niav lie seem from these results, the decomjtosil ion at lii;- 
lowest temperature at which an ex])]osi()n will occur is veyv 
different from that which occurs normally. The amount k 
nitrous oxide is greatly diminished, and the gas contains nitroffei, 
peroxide, nitric oxide, and nitrogen in the approximate rati-' 
'2:4: .V 

Id'reeiUage composition Percentage corn posit irjii 
of tlu‘ ges. uegleciing calculated for tin; 

XoO. ratio 2 : t : A. 


Nitrogen [rcroxide 18*4 lS-2 

Xitric oxide 32-7 3l)*:» 

XUrogen 46-3 4r)-r) 


The agreement is sufticieiitly close, considering the nattire of tln' 
e.xperiments, to justify the statement that the main course of the 
read ion is : 

8 XH 4 XO 3 lOHT) : 2X0. ; 4X0 : dX.. 

The explosion is aceompanied hy a yellow Haine not unlike that 
of ammonia burning in oxygen. 

Sniviiiari^ of lies till. <. 

Pure ammoniuju nitrate decotn])oses into ititroiis oxide aiiii 
water to tiu' extent of Its per cent,, tiie course of the d(‘Comp'idii"it 
remaining unaltered over a range of temperature from 210 ' to 20 if. 

At some jjoint near 300' other 'Oxidcs of nitrogen are evolved, 
the action proceeding explosively. 
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XHrogeii is always present; with the pure nitrate up to 260'", 
-> ofT emi-; iiunicdiately after explosion, 46 per cent.; in the 
ease of chloride mixtures, 30—50 per cent. 

' Vt the moment of explosion, the nitrate decomposes in a totally 
(litfeivnt manner, giving nitrogen ])eroxide, nitric oxide, and 
in (he ratio 2 ; 4 ; 5. 

tVith the pure nitrate, the rate of evolution of the gas is 
(j(‘|)eii(lent on the t('mperature and on the mass of material; but 
when anv impurity is present, this does not necessarily hold good. 

With chlorides, a quantit^^ as small as 0-1 per cent, has a very 
marked influence on the decomposition, chlorine being invariably 
jireseiit in the ga.s evoh'ed, 

yhe ([iiantit}' of chlorine is ]U'oportional to the amount of chloride 
and to the temperature. 

Wlicn chlorides are present, tlie rate of evolution of gas is very 
much accelerated, the addition (jf 1 per cent, producing a result 
ominarable with that caused by a rise tein):iei'ature of 25 — 30’ 
ill t!ic case of the ]mre nitrate. 

I'tic higher the initial tenqjerature, the ])oorer tlu* gas i.s in 
nitmiis oxide for any given mixture. 

At any given t(mipcTature the amount of elilorine falls off as 
nine goes on, and the composition of the gas approximates to 
that given by tlie pure nitrate at tlie same temi)erature. 

The liquid products of the reaction in these cases always contain 
iivdrochloric acid as n'cll as nitric acid, 

Sulphates are without characteristic action, 

Sodium nitrate in small quantities does not inllueiice the decom- 
|Xisition at temperatures below 250". 

This work was undertaken at the siigge^titui of Dr, K. P. Perman. 
1 desire to express my indebtedness to him for his helpful criticism. 

U NU LlItSIT V COLLKC i; . 

LAimin-. Hcceii’id, Sovunber Iti-l.J 


liXXXil . — Note o)t (he Efject of Elect ml ytes on the 
Constitution of iSoap Solutions, ((s Deduced front 
Ekcfronwtice Force. 

By Cyril Skh.vsti.vn S.\lmon. 

Ihk experiments here recorded were carried out to determine tlie 
ciphlibria in soap solutions ('ontainiiig ])utassium and soiliuin 
rhlondes in concentrations iusufUeient for salting out. The method 
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adopted was to measure by means of the E.M.F. the concentration 
(activity) of both ions of the added electrolytes and thus obtain the 
proportion of soap present as iotiic micelle ; this being given by the 
excess of alkali over the chlorine ion. The eifect of sodium clifodd^ 
on sodium palmitate was investigated at 90^, and of potasamj, 
laurate at room temperature. 

The alkali metal ions were studied by means of the correspoiidiiur 
amalgam electrode as de.scribed for pure soap solutions (Salmu][ 
T., 1920, 117, 530), and the chlorine ion by means of silver chloride 
electrodes. Attempts were first made to determine the coikth. 
tration of the latter ion by means of the chlorine gas electrode, hm 
they were discontinued on account of the effect of the chlorine on 
the soap. 

The silver chloride electrodes w'cre prepared as follows; A small 
piece of silver gauze was fused to a piece of silver wire and the latter 
sealed into a glass tube. The gauze was then covered with silver 
eieetrolytically, and Avas finally made the anode in a dilute sohitinn 
of potassium chloride. The dejmsit of silver chloride obtained in 
this manner was dark in colour, as described by Macinnes and 
Parker (J. Amer. Chem. Soc., 1915, 37, 1445). These electrodes 
were prepared in pairs, Avhich, after being tested for equality, were 
used as opposite electrodes in concentration cells with potassium 
chloride. 

In this case, where the greater part of the current is carried by 
potassium chloride, the liquid potentials are small, but they were 
investigated. Table I cojrtains the results of the measurements, 
and in the last eoloumn is given the E.M.F. of the cells in whiedi a 
correction has been iiitrod need for diffusion potential. No correction 
could be made in the ease of sodium palmitate, because the EJLF. 
observed was independent of the concentration of the sodium chloride 
to within one millivolt oauw the range 0-2 to O-OliV. The tem- 
perature gradient betweeji 90° and 18° in the case of sodium 
palmitate was always kept within the middle solution of sodium 
chloride. 

The concentrations of the ions calculated from these data arc 
shown in Table If. The alkah metal ions arc calculated by com- 
parison with 0*2 A- potassium chloride at 18° for potassium soaju 
and 0-2.Y-sodiuni chloride at 90° for sodium soaps, assuming, from 
conductivity data, dissociations of 83'5 and 80'5 per cent, respec- 
tively. The chlorine ions are calculated directly from the E.MI. 
of the concentration cells, and in the ease of sodium palmitate arc 
corrected for the expansion ])rodueed on heating the sodium 
palmitate solutions to 90°. .-VII ionic concentrations are expres.sed 
in volume normalities. 
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Table I. 

li,Hg\aN-Kh, /)A'-KClrA'-KClU'l A'-K(.'l, ifgXlj («uU.I)Hg. 

Volt«. 


a. 

h. 

r. 

Obs. 

Co IT. 

0-00 

d-’j 

d-l> 

--2‘100 

- 2-106 

I'd 

10 


-2-008 

- 2-007 



0'05 

- 2 •008 

- 2-007 



d-01 

■ 2-060 

- 2-007 


0*:) 

0-2 

-2-086 

-2-085 



0-05 

-2-087 

- 2-085 



001 

- 2-089 

- 2-085 


1*0 

0-2 

-2 -069 

- 2-069 



O-O.") 

- 2-070 

- 2-009 



d'dl 

- 2'OTO 

- 2-009 


U*."> 

d-2 

- 2-085 

- 2-085 



(f'd,-) 

-2-US7 

- 2-085 



O'O! 

- 2-OSS 

-2-085 


AglAgCl (solid), a.Y'KJj, XY-KCl|(J‘0;j.V-I\('l, AgCl (solid) Ag. 


fi. b. 


I-O 

1-0 

- 0-009 

- 0-008 


0-5 

-0-051 

-0-049 

o'- 5 

1-0 

- 0-008 

-0-067 

,, 

0-5 

- 0-049 

0-047 


NM,ligiXY-NaP(90°), cA’-NaClX-2Y-NuCl,U- LY.KC1( ) 0-LY-KCl, 


d. 

HgXdjlsolid) Hp. 

e. 


o-ou 

0-2 -2-241 

-2-241 

1-0 

(1-4 - 2'222 

— 2-222 

0-4 

0-4 2-225 

2-225 

AgAgCl(s(jlid]//.Y-XoP(9X},0-4Y.XaCl0'LY-KCl(18'^)0-O5y-KChAgCl 

(I, 

1-0 

(solid) Ag. 

0-059 

0-059 

0-4 

o-05i; 

- • 0-95t> 


Table II. 

('oncentrations of fJdoriue and potassium or sodium ions, and hence, 
by difference, of the ionic miccUe. 


Solution. 

('It 

K' or No*. 

Ionic micelle. 

1-OY-KL 

! l-OY-KC! 

ii-7ii Y 

0-79 Y 

0-09 Y 

i-u 

-0-5 

0-2)2 

0-:lS .. 

o-OO .. 

0-5 

•i-l-O .. 

0-67 

0-78 

0-06 

0-5 „ 

•rO-5 .. 

()-;io ,. 

(^-3S .. 

0-08 

l-U Y-XaP 

0-4 Y-Na('l 

0-29 .. 

0-:l3 .. 

ti 04 .. 

0-4 .. 

--0-4 

i)'2S .. 

0-30 .. 

0-02 .. 


Discimion. 

Although, from the nature of the nieasuronicnts, no stress can 
liiilaid on the accuracy of tlie final results, they serve to sliow the 
great effect which addition of electrolyte has in driving back the 
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dissociation of the colloidal electrolyte. This is shown very tleailv 
in Table IIT, where comparison is made between the concentratinl^ 
of ionic micelle in the soap solution before and after the additioi’, 
the inorgariic salt, in the case of potassium laurate there Is present 
practically no cry.stallold other than potassium ion oven iij th(. 
absence of potassium chlorid(‘, so that the concentration of neiitra’ 
colloid can also be dirc'ctly calculated. Similarly, with i\’-sodiuiii 
palmitate, all the .soap must be in colloidal form, as ionic micelle and 
a.s neutral colloid. On the other hand, there is too much of the 
0'4iV*sodium palmitate present as crystalloid al palmitate inn and 
.sodium palmitate to pernnit f»f the evaluation of the neutral ('(dioid 
witliout using other data. 

Tahle Ilf. 

CoifCf'nfrntioHS of lotiic uiicelh (itid of unit ml colloitl h} soap sohdlon.i 
with and irifhout addition of a salt. 




iSuap only. 

Mixtnro. 

Soap oiily. 

Mivtiir 

10 A'-KL 

r l -O A’-KCl 

0'3r> 

(Ml 

0-02 

U-S'l 

l-O ,, 


0-3.) 

0-07 

0-02 

u-!i;i 

0<.T 

-I'O M 

(MS 

()-U7 

0-31 


o-.-> 

-o*,-) 

l)4S 

0-(H) 

0-31 

(1-41 

I'O A'-XaP 

4-04 A'-XaCl 

O'L^S 

()-05 

0-50 


114 .. 

-04 ., 

O-OU 

0-(l2 

O-OS 

(1-:^ 


A glance at Table III sliows the great effect of the inorganic .<alt 
in diminishing the amount of ioiiic micelle, leaving tlic soaj) largelv 
in the form of neutral colloid. The data do not permit of clriscr 
comparison of the different solutions with eacli other. 

Some theoretical interest attaclu's to the comparison of the vahus 
obtained for the concentrations of chlorine ion in these soap mixtures 
with those which have heim determined l)y othew observers for llir 
same salt solutions in the absence of soap. Tlie activity of the 
chlorine ion in 0'oA"-potassiiim chloride is Odil as compared with 
0'30 after addition of I’O.V'potas.sium laurate. The available data 
show tliat the apparent concentration of chlorine ion, as mcasiiicd 
bythe /Adf ./’.Jsnot affected by the presence of these large amounts 
of soap within the e.\ peri mental error. \\v know that about 
one-fifth of the .solvent water is removed by Jiydration of the soap, 
but this effect is compensated by the corresjioiuling iiicrea.se in the 
volume of solution when the .soap is add<‘d. 

Conclusion. 

Soap solutions containing an electrolyte with a common ion arc 
found to be largely in the form of iindissociated neutral (‘olloid, tlir 
amount of ionic micelle being very -much smaller than in the ])urc 
soarp solutions. 
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The activity of the chlorine ion in potassium chloride solutions 
ears to be unaffected by the addition of quite large quantities 
' f otassium laurate owing to the compensating effect of the great 
' hanceincnt of bulk caused by the addition of the soap and the 
PiDoval of an appreciable fraction of the solvent through hydration 
„f the snap. 

Mv thanks arc due for grants from the Colston l^esearch Sf)ciety 
,,f tiie rniversity of Bri.slul and from the Research Fund of the- 
(iieiiiical tSociely. My thanks are also due to Frofessor J. W. 
\[cB:nn for his constant interest and advice. 

])l l’AnTMENT Ol' PhV.SK'AE C’IIKAIISTR V, 

The LNn'EiisiTV, Bristol. [Rar'oxd, Mnrrh 11/^,1922,] 


lAXXIII. — Freim'ation of i)-NifivpJu nylh}/(hmine and 
other Aromatic Hydrazines, 

By Willia:\i Davies. 

The preparation of ^Tniti’ophenylhydrazine by an entirely satis- 
tVtory method has not hitherto been described. TJie reduction of 
//-iiitrobenzenediazoniutn chloride by potassium sulphite (Bani- 
iRTgorand Kraus, Her., 1896, 29 , 1834) results in a good yield, but 
tlic cost and sometimes inaccessibility of potassium salts are a 
ilvawhaok to this juethod. Bischler and Brodski [Bcr., 1889, 22 , 
•N15) attempted the reduction of p-nilrobenzenediazonium cldoride 
liv staiuious chloride in the usual way, but merely obtained tarry 
ijiaterial and a small quantity of j>-phcnylenedlamine. Several 
cxperimciits under various conditions lia^e practically confirmed 
this result, for a yield of about 1 i)er cent, of p-nitro])henylhy(lrazine 
v.iis the highest obtained. 

p.Xitroplienyiliydraziiie has already been prepared (Bamberger 
;i:id Kraus, tor. cit.) by Fischer's method (J/om/e//, 1878, 190 , 77). 
Piirgotli (/jcr., 1892, 25 , 119) obtained p-iiitrophcnylhydrazine and 
a resinous by-product by the action of sodium liydrogeii sulphite 
'•olutionon p-nitrohenzcTiediazonium chloride, and a patent (D.R.-P. 
*>2004) is based oii this iiudhod. A re])etition of Purgotti's prepara- 
tion and of the proces.s do.seril)ed in tin' patenf rrsulted in a small 
yield of the hydrazine and a large amount of resinous substance. 

-Vii iiivcstigatioji of the reduction of 1 gram-moiccule of p-nitro- 
henzt-nediazonium cliloride by excess of sodium sulphite solution 
diow.^ tliat apjH'oximately 1 gra.m-mol('cule of sodium hydroxide 
J'' produced in the reaction. The course of the reaction (i) between 
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})enzen('<,]i:iz()Miuii'i chloride and sodium sulphite (E. Eisclier, lor 
p. 79 ) is therefore quite distinct from that (ii) taking place hetuo,, 
•p-nitrobeiizciiecliazoniuin chloride and sodium sulphite. 

(i) PliX.C'l ; 2Na,S(), -I ri^O - PhNgH^'SO^jXa -j- Xaci . 
Xa.,S()4. 

(ii) X()./('«Ha*XX'l+ 2 Xa,S 03 -fH 20 NO,-C,H,-X 2 H( 803 Xay^^ 

XaCl n- NaOH. 

(iii) HX^Cl + Xa 28 03 - RX^-SO^Xa + XaCl. 

The initial reaction with 1 molecule of sulphite doubtless tabs 
the same direction (iii) in each case, Imt it is remarkable that tin- 
presence of the para-standing nilro-group should make the disiit 
phonate formed comparatively stable. Tills p-nitrojihenylhydraziin.. 
disiilphonatc is extremely soluble in water and has not been i.sulato], 
as if,, easily suffers partial hydrolysis to the moiiosulphonate. 

An important factor in the success of the preparation is maintain- 
ing the sulphite solution neutral or alkaline throughout the addition 
of tlie diazo-solution. Otherwise (or when sodium hydrogen 
sulphite is used) the diazo-sulphonate separates out as an unstable, 
orange mass, which redissolve-s to react with more sodium suipliite 
with difficulty, but readily decomposes with the formation of a 
resin. This circumstance sufficiently explains the product loa of 
the large amount of resin by Purgotti's method, The detailed 
preparation by means of which a yield of 80 per cent, of the pure 
hydrazine can be obtained, without any resinous by-product, b 
described in the experimental portion of this communication. 

The replacement of sodium sulpliite in the preparation of p- 
nitrophenyihydrazinc by ammonium sulphite is, owing to tin- 
sparing solubility of ammonium /y-tiilrophenylhydraziucdmil- 
phonate, very advantageous. 

The great solubility of ainmonium sulphite as compared uithtluit 
of sodium sulphite gives the former .substance a great advantage in 
the preparation of aromatic liydrazincs, Xot only is tlic l)u!k d 
liquid kept down, but also the intermediately formed atnmoiiiutn 
hydrazinesulphonates ar(‘ often (altliougli not invariably) only 
slightly soluble in w'ater. For example, the addition of benzene- 
diazonium chloride to a concentrated solution of aiuiuoiiinin 
sulphite causes the separation of a large quantity ol aniiiioiiiiiiii 
phenyihydrazinesulphonates, which on hydrolysis produce phcnjl- 
hydrazine hydrochloride in a yield of about 60 pci' cent, of the 
theoretical. The total yield is about 80 per cent. 

The preparation of m-nitro-p-tolylhydrazine furnishes a 'eiy 
interesting instance of the great ease with which benzotriazolcs are 
formed. 
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Mp/NnO. NaOH 

I JnH'NH'SOjNHi --- 

(I.) 

Yellow. 


Me/N:NO*ONa , 

^jlN-NH-SO^NH^ ' 

(TI.) 

Pink. 


Me/\ N-ONa 

\/\/^ 


X 


(IIJ.I 

C(A<MrU':^ 6 . 


NaOH 


The preparation of benzotrlazolos from hydrazines hy the aetioji 
of alkalis on stable neutral salts like the sulplionates lias apparently 
liitherto not been observed. The remarkable ease with wliich the 
Iivdrolvsis of the aninionium snlphonate takes place with alkali is 
probably a measure of the great tendency sliown l)y o-nitrophenyl- 
jivdrazines to pass into the corresponding benzotriazoles. 

In conclusion, it may be mentioned that aqueous solutions of 
p-nitrophenylhydrazine hydrochloride and of /?Miitro-p-tolyl- 
hvdrazine hydsochloride are extremely useful reagents for tlu* 
detection of aldehydes or ketones whioli are at all miscible with 
water. The reaction 

X02’C6HpNH-NH,,HCl + R,R,CO - 

XOa-CgH^-XH-AdCRiR^ + H 2 O T HCl 

ill dilute solution rapidly goes almost to compkdion owing to the 
rase with which the hydrochloride is hydrolysed and to the in- 
solubility of the hydrazone in water. ^Moreover, acetals and certain 
derivatives of aminoacetal are transformed under similar conditions 
!u the liydrazones of the corresponding aldehyde. In these respects 
the nitrohydrazines described have an advantage over phen\*l- 
hydrazine itself. 

Experimental. 

Preparation of \:i-Nitropheni/Ihydraziue. loj mmn-^ of Sodium 
Sulphte. — A solution of p-nitrophenyldiazonium chloride prepared 
from 10 grams of p-nitroaniline and 21 c.c. of hydrochloric acid (36 
per cent.) is filtered and slowly added with continuous stirring to 
an ice-cold solution of 41 grams of sodium sulphite (90 per cent. 
XajSOgpHgO) in 100 c.c, of water containing 4 grams of sodium 
hydroxide. The addition requires about five minutes ; if the 
diazonium solution is added too rapidly, an orange-red precipitate 
of sodium p-nitrodiazobenzenesulphonate is produced, and is apt 
to form a resin. Having remained for five minute.s, the solution is 
acidified with concentrated hydrpchioric acid (70 c.c.) and heated 
on the water-bath at 00 ® for three minutes, w’hen yellow needles 

'’Or. TAXI, cc 



718 DAVIES : PREPARATION OF P-NITROPHENYLHYDRAZINE 


begin to separate. On the next day the crystals are heated 
concentrated hydrochloric acid (20 c.c.) on the water-bath foi 
seven minutes, and after cooling and keeping, the precipitate of 
sodium salts and of p-nitrophenylhydrazine hydrochloride is dis- 
solved in water and treated with a cold concentrated solution of 
sodium acetate, when the free base (7—8 grams) at once scparat^^s. 
It is practically pure and crystallises from alcohol in light brown 
leaves melting with decomposition at ir>7°. The yield is increai^ofi 
to 0 grams by carefully neutralising tlie acid filtrate from the ctikIh 
p-nitrophenylliydrazinc hydrochloride mth ice-cold sodiinn 
hydroxide solution, and hydrolysing as before with sodium acetal, 
solution. 

If a larger quantity of hydrochloric acid is used in the diazolisation 
of the p-nitroaniline, an equivalent quantity of alkali must be 
added to the sulphite solution. When the preparation is carried 
out on a much larger scale, it may not be necessary to maintain tht 
temperature at 55® for three minutes owing to considerable hydrolysis 
taking place between room temperature and 55° during the com- 
paratively slow heating and cooling. This precaution is mentioned, 
as the hydrolysis to the hydrazine hydrochloride is undesirable fit 
this stage. 

Sodium p-iiitroplicnylhydrazinemouosulplionate consists of 
minute, lemon-yellow neeies decomposing \vhen slowly heated 
at about 107° (Found : S -- 10-9. Purgotti^s formula, 
C6H605N3SNa,2H20, requires S - 11-0 per cent.). The solubility 
at 12° is about 24, but is much greater in hot w'ater. The sail 
dissolves in cold sodium hydroxide solution and in concenlratea 
ammonia with the production of a clear red solution which become' 
yellow again on acidification. The monosulphonate reduce^ 
Fehling’s solution readily at 35°. 

Some sodium p-nitrophcnylhydrazinemonosulphouate separates 
when the reaction product from the sulphite and diazonium solutions 
is treated wit.h excess of concentrated hydrochloric acid and the 
solution left over-night. The following considerations show that 
the hydrochloric acid has no mere salting-out effect, but mu?t cau>e 
partial hydrolysis of the disulphonate even in the cold. 

Proof of the Initiul Formation oj (he J Hsiilphonatc, Ihe ex 
tremeiy slow addition of a faintly acid solution of p-nitrophenyi- 
diazonium chloride to perfectly neutral sodium sulphite solution 
resulted in the production of a stmugly alkaline liquid. ^ 
estimation of the sodium hydroxide produced in the ^ 

carried out as follows: Finely powdered p-ifitroanilinc (10‘« 
grams) was covered with concentrated hydrochloric acid (21^ c. ^ 
d M8C) and diazotised with a solution of sodium nitrite {o-oo gram» 
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,f 90 per cent. NaNOg) in 10 c.c. of water. The filtered diazonium 
olution was added slowly and with continual stirring to the sulphite 
.olutiouj which had been prepared by dissolving sodium sulphite 
42 amnis of 91 per cent, NagSOgjVHgO) in 150 c.c. of water, neutralis- 
hydrochloric acid {phenolphthalein indicator), and then 
adding 50 c.c. of sodium hydroxide solution containing 3S46 grams 
(-)f XaOH per litre. The red reaction liquid, after standing for half 
an honi', was titrated with A"-hydrochloric acid, of W'hich 17-5 c.c. 
were required, phenolphthalein being the indicator. The end- 
point ^vas found quite definitely by making clearly acid, diluting 
the vellow solution produced, and titrating back w'ith standard 
alkali. Assuming that the impurity in the sodium nitrite was sodium 
nitrate and that this substance had no effect on the course of the 
reaction, 2-917 grams of sodium hydroxide had been produced in 
the reaction. One gram- molecule of p-nitroaniline w^ould therefore, 
;vheti subjected to the above reactions, produce 40-25 grams (or 
very nearly 1 gram- molecule) of sodium hydroxide. When it is 
also considered that the alkaline reaction product does not reduce 
Frilling' s solution, and does not deposit crystals on neutralisation, 
would be expected if the slightly soluble, easily oxidisable mono- 
>iilphonate were present, it is evident that the course of the reaction 
between p-nitrobenzenediazoiiium chloride and sodium sulphite is 
quantitatively expressed by equation (ii) and not by equation (i). 

Preparation of ]p-Nitrophenylhijdrazine by means of Ammonium 
Sulphite . — A saturated solution of ammonium sulphite is readily 
prepared by passing sulphur dioxide into a mixture of one part of 
ammonia solution {d 0-880) and two parts of powdered ice in a 
freezing mixture. The liquid smells finally of sulphur dioxide and 
is then neutralised with ammonia. Such a solution at room tem- 
perature deposits ammonium sulphite crystals and contains about 
0-25 gram of sulphur dioxide per c.c, 
p-Mitroaniline (10 grams) Ls diazotised as already described and 
ilie filtered solution slowly added with stirring to a cold saturated 
solution of ammonium sulphite (40 c.c.) containing 8 e.c. of con- 
centrated ammonia solution. Efficient cooling is necessary, for 
ammonium p-nitrophenylhydrazinedisuljjlionate quickly separates 
with the evolution of much heat. The product is filtered after 
remaining for an hour in the freezing mixture, and ilie yellow preci- 
{•itatc heated on t he water-bath with concent raU‘d hydrochloric 
acid (20 c.c.) for seven minutes at 70— 80^ The blood-red solution 
cooled, the precipitate of p-nitrophenylhydrazinc hydrochloride 
and ammonium salts dissolved in water, and tire pure free base 
Isolated as already described, when a yield of 0 grams of p-nitro- 
1‘henylhydrazine is obtained. 


C C 2 
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Ammonivm. ^-niirophmylkydrazmedisnlphcmate consists of 
minute, yellow needles which, when slowly heated, decompose at 
105—109^ (* Found : S = 17*5. CgH^gOgN 582,1120 require 
g _ ^ 7.5 per cent.). Its solubility at 12° is about 4-5, and is nuicl, 
greater at 100 ° and smaller at 0°. It does not reduce Feliling, 
•solution. An aqueous suspension of the salt dissolves readily in 
sodium hydroxide solution with a deep red coloration [doubtless foria. 
ing the trisodium disulphonato, NOo*CgH 4 *N(SO 3 Na)*NXa-S 03 Xa’, 
but concentrated ammonia solution has a very slight solvent 
action, the yellow .solution merely becoming somewhat more deeply 

yellow. . 11 ,, 

m-Kiiro-i>tolijIliydraziiie.-'Tbk substance is prepared by addinj 
,/Miitro-p-toluenediazonium chloride to concentrated animoniacsi 
ammonium sulphite, keeping for half an liour, and partly hy.lru- 
Ivsing tlie soluble disulplionate with hydroctiloric acid on tk. 
water-bath at 55 ° (exactly as described in the preparation of 
nitrophcnyllivdrazine) until the sparingly soluble, yellow ammonium 
hYdrazinemoiiosulpl.onate begins to separate from the warm sol«. 
tion Tlie siilplionatc is collected and heated with coneentratol 
livdrochloric acid at 80°, when the hydrochloride of the hydrani* 
is formed The free base, isolated in the same way as p-nitroplienyl- 
hydrazine, crystallises from alcohol in scarlet needles melting at llii' 

(compare Pope and Herd, T., 1901, 79, 1142). 

-immonhwi m-mlro.^^olylhydra-inud^^^^^ (I) is readily soluW 
in hot and sparingly soluble in cold water, from which ,t crysla no 
in deep yellow needles (Found ; in aiv-dried material, b - h.. 
C-H^OsNiS reciuires S = 12-1 per cent.). The interest a tarhiig 
to this substance lies in its behaviour towards cold alkali. Ill 
yellow, aqueous solution of the sulphonate m.stimtly eeoiues [ur 
on the addition of sodium liydroxido 'I 

colourless By titration witl, A',T 0 -sodium hydroxide it is foiin 
tiiat 1 gram-molecule of the ammonium sulphonate requiirs ■ 
Is I approximately 2 gram-molccules) of so lum M 
to complete the reaction and to form a neutral solution. Lxo.. 
sodium carbonate .solution has the same effect as the 
but the existence of the pink coloration is more pro onged.^ ■ . 

excess of ammonia will also uitimately produce a . 

but sodium acetate apparently will not. The yl-ange of Jr t 
mo.st strikingly observed by pouring sodium Ikvrli'O yj » 
the solid sulphonate, which instantly becomes 
dibsolves to a coloiirles.5 solution. Such a solution, \\ 

• Air-dried at 30h 'I'lie sulphonate was ^ 

mitrated hydroc-lilfirio arid for ten inmiites, and the sulplmno 
estimated in tiie usual way. 



ANn otmn somatic hvbkazi.es. 73, 

sloivly deposits colourless, feathery needles m„i*' 
at 176“ (uneorr.), and agre.ani; in oth,!r 

l.|jV(iroxy-6-methyl.l :2:3-ben2otria7olefrrrw7 ["’"Pities with 

1900, 311, 340), Schwarz, 


^inrmanj. 

The course of the reaction between 
tilorde and sodium sulphite has been eluhi K . ! " 
ad ortteiuely conyenient .substance for ^ih‘- ‘ “expensive 

.honyliiydrazinc and other plienyJhydrazte’'T*‘'f 
ummotlium sulphite. " ' been discovered 

The thanks of the author arc due to r>rr f 

rthe interc.st he showed in the wort utith' 

'17-1918. ’ was carried out in 

Thc CUilMICAL Depart.ment, 

The Univkksjiy, Manchk.stkr. 


[Iier 


Inhn/ary 10:,*^*.] 




Thursday, March 30th, 1022, at 4.30 v.m. 


Sir James Walker, D.Sc., F.K.S., President, in the Chair. 

The Treasurer made a statement as to the present iiiiancifl; 
position of the Society. The adoption of the Report of Council 
together with the Balance Sheet and Statement of Account. s fnf 
the year ending 31st December, 1921, was then proposed tv 
Professor P. P. BEDSo^^ seconded by Dr. F, L. Pyman, anil 
carried unanimously. 

Report of Council, 1921-1922. 

It is satisfactory to report that notwithstanding the increase n 
the amount of the Annual Subscription from £2 to £3 bcginiil!;-- 
with the year under review, the number of Fellows elected dnriiv 
1921 exceeded that of any previous year, and that the meinbershiii 
continues steadily to increase. 

On December 31st, 1920, the number of Fellows was 3 , 7 !! 1 , 
During 1921, 349 Fellows were elected and 7 reitistated, jnakiii:: 
a gross total of 4,077. The Council regrets that the number d 
deaths has been iimisually heavy, no fewer than 51 Fellows having 
died ; 49 resignations have been accepted, as against 92 the prcvkiii.- 
year ; the names of 54 Fellows have been removed for non-paynu-iii 
of Annual Subscrijjtions, whilst the election has been declared 
void in the cases of 1 1 newly elected Fellows who neglected to pa\ 
the necessary fees. On the 3ist December, 1921, the Society 
numbered 3,912 Fellows, showing an increase of 191 over that d 
the previous year. 

The congratulations of the Society are off(Ted to the follomnr, 


who have attained their jubilee as Fellows : 

Klectecl. 

AVillium iiowarth Darling 

... May 4th, lit 1 

Mortyn John Salter 

, . . June IMli, Iji 

Henry Richardson Procter 

... June loth, D 

George Joseph Warner 

... Dec. Tth, ISTl 

William John Wilson 

... Dee. 7 iIj, bJ 

John Millar Thomson 

... Jan. Isth, 

Robert Barton 

,,, Jun. Dith, b - 

William Thomson 

Jan. ISth, b'- 

Charles Frederick Chandler 

... Jan, lSth,b5 

John Watts 

... Feb. 1st, b'- 

Robert WilUam Atkinson 

... Mar. 7th, b-- 
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If ^v;i? with the deepest regret that the Council received the 
.us of the death of Dr. H, K, Lo Sueur, which took place on the 
July. Dr. Le Sueur held the office of Secretary from March 
Ijv’o aiul the Council has placed on record its appreciation of his 
v'-rvkes to the Society and its sense of the loss which chemical 
."ionoeiu general and the Society in particular suffered by his death. 

'[lie Council appointed Dr. Irvine ]\Iasson as Secretary until 
fljo next Annual General Meeting, to fill the vacancy caused by 
Dr, Le Sueur's lamented death. 

The Council has to mourn the loss of one of its distinguished 
Honorary Deliows, Professor Giacomo Ciamician, who w'as elected 
March 2ml, 1011. 

The volume of Transactions for 1921 contains 2,135 pages, of 
\\hioli 1,990 pages are occupied by 243 memoirs, the remaining 
145 pages being devoted to Obituary Xotices, lecture.s on special 
vubjeets. the Report of the Annual General Meeting, the Presidential 
Address, and the Pveport of the International Committee on 
riivsico-cheiuical Symbols. The volume of the preceding year 
L-ontairied 182 memoirs, occupying 1,486 pages. The Journal for 
llCl coidaius also 4,005 abstracts, occujiying 1,636 page.s, whilst 
t lie abstracts for 1920 numbered 4,074, and occupied 1,708 pages. 
The decrease in the number of abstracts appearing in 1021 was 
auiscd by the very great delay in transmission of sonu' of the 
foreign journals during the latter portion of the year. In con- 
.sequence of this a considerable iiuiiibcr (ji abstracts which sliould 
have ajipeared in the 1921 volume will l)c found in the Journal 
for 1922. 

The. abstracts ma}" lie classified as follows : 


Pages, Abstracts. 

Organic Chemist ly ... ... ... ... ... — 1474 

i'iiy.'ioiogical Chemistiy ... ... . . .. ... — 317 

Cliemistry of Vegetable Physiology and Agriculture) ... 232 

916 2023 

iCuir ii. 

Ofncral and Physical CUomistry — 1003 

hiorganic Chemistry — 331 

Miiieralogical Chemistry , , . ... ... ... — Cl 

Analyiical Chemistry ... ... ... ... ... - oS7 

T2n 19S2 

totals in Parts 1 and 11 1 036 4005 


To meet the conv(mifiic(' r)f Fellows, areajigc'iuents were made 
to exchange a limited number of sets of the Journal of the Chemical 
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Society from August 1914 to the end of 1920 for an equal mirybor 
of sets of the publications of the German Chemical Society. 

The Council has pleasure in directing the attention of Fello^vj 
to the bust of the late Mr. John J. Griffin, an Original Member of 
the Society, u'hich has been presented by Miss Griffin and pUcef] 
in the Council Room. Thanks are due also to Mrs. Blount for h 
gift of two special })alancGS used by the late Mr. Bertram Bloom, 
OAving to the continued increase in the number of papers coni- 
miHiicated to the Society, the Council arranged for the current session 
to commence in October instead of November, and to hold the 
special lectures on days other than those devoted to Ordinary 
Scientific Meetings. These lectures on special subjects appear to 
meet with the keen appreciation of Fellows. On December 8th, 
Professor J. W. Gregory lectured on ‘‘The Genesis of Ores,'" Sir 
Ernest Rutherford's lecture entitled ‘‘ Artificial Disintegration of 
Elements ■' was delivered on February 9th, and there remains to 
be given on June 8th, 1922, Dr. H. H. Daleys lecture on “ Chemical 
and Physiological Properties.'" 

'Pile Council ha.s invited Prof, W. H. Perkin to deliver the von 
Baeyer Memorial Lecture during the present year. 

The thanks of the Council are tendered to the Contributors to 
the Annual Reports for 1921 and to the Abstractors for their .servitos 
during the past year. 

The Gcrhardt ^lemorial at Strasbourg, towards which Follmvv 
had sul)scril)cd a sum of more than £200, was unveiled on July 5lh, 
1921, 

Arrangements Avere again made by A\'hicli Members uf the 
American Chcmieoil Society could obtain the curreut Animal 
Reports at Ts-. per copy ])osl free, and more than 200 applicafinio 
Avere recei\ed. A lik(' pri\il('ge has been accorded to Meiiil)f‘T> 
of the Society of {’hemical Industry in response to that Soriflys 
offer of Vol. VI of the Annual Reports on the Progress of Applini 
Chemistry to hVlInws of the Chemical Society at tlic rcduml jmee 
of 10-?. per cojiA'. 

Reference aa us made in the Iasi Ib'pnrt of ( ouncil to tlir 
Conference held in July, 1920, to consider whether ccommiip:' 
could be offi'ctcd in Ibe constrnctiou and equipment of chemical 
laboratories. The Committee a])])ointed to carry out the recoiiv 
mendation.s of the (‘onference colh'ctrd details of practitt aiu 
experience in a large number of laboratories, regarding matoriKb 
u.sed and mctliods of construction. The Report embodying the 
results of these inquiries received tlu- approA'al of the ConfeivnO' 
and Avas ordered l\v the (,‘ouncil to be printed in pamiddet 
and issued to applicants free of charge. Copies of this Rcpoi 
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e;ui obtained from the Assistant Secretary. The expenses 
incurred in connexion with the inquiry have been defrayed by a 
: ervant from the Research Fund. 

’ " 'i;|ie Report and List of Physico-chemical Symbols, to which 

• jpference u'as made last year, were printed in the Journal for April 

■ issued in pamphlet form to applicants free of charge. 

The Committee which, as recorded in the last Report of Council, 
was appointed to deal with the question of the testing of graduated 
: pjassware, met, at the instance of the National Physical Laboratory, 

^ t*t consider the further question of setting up a recognised standard 
: accuracy for “ commercial grade ” volumetric glassware. The 

: (jiiestion was further considered at a Conference summoned by 
I the National Physical Laboratory and was ultimately referred 
' to a Standing Committee on which Professor A. J. Allrnand and 
I Dr. Bernard Dyer act as the Society’s representatives, 

: As intimated in the circular letter issued on January 27th, 1922, 
; to Fellows resident in the British Isles, arrangements have been 
! made by wliich Pollows of the Chemical Society are to be afforded 
^ the opportunity of reading papers on pure oherai.stry at meetings 
^ of the Pnn incial Local Sections of the Society of Chemica] Industry. 

• All papers thus read -will, if the autlior so desires, be forwarded to 
' the Chemical Society and will he considered for publication in 
. the Tranaaclions as if they had b(^en commiiiiicatcd direct to the 

■ Cliemieal Society. The experiment will bo ?nade in the following 
centres: Birmingljani, Bristol and S. Wa:lc.s, Edinburgh, Glasgow, 
Liverpool, Manchester, Newcastle, Nottingham, and Yorkshire 

^ (Leeds), and it is hoped that this seheriie will Ix'. in full operation 
^ (ly next vsession at the latest, and that evei’y advantage will be 
taken of (lie privilege by Fellows residing neai' these centre.'^. 

The ih’c.sidcut was appointed to rejiresent tlie Soeiety on the 
(ionenil Connuittee of the British Empire Exiiibition to be held 
ill 1924. Permis.sion was given for tlu' Chemic‘al Society to be 
inuluded amongst the list of Patrems of tiic Coal Smoke Abatement 
Society E.xlnbition, and Professor J. B. Cohen and Air. E. V. Evans 
were nominated to represent the Society on the Exhibition Council. 

Sir Kobert Robertson and Profivssor S, Smiles wcri^ appointed to 
represent (he Soeiety on the Conjoint Board of Scientific Societies 
lor 1922, and Professor H. E, Arm.strong, Professor J. C- Phili[), 
iuid Sir William Popi' were nominated as the Society's represen- 
tatives on the Federal Council. 

hi September last tlie IVe.sident issued to Fellows an Apjieal 
oil behalf of Russian .scientific men for donations, gifts of clothing, 
and recent chemica] literature. The (?ouncil is glad to state that 
to the present, the sum of £207 ITs. lOd. baa been received in 
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response to this appeal, in addition to parcels of clothing and boob 
which have been dispatched to Pctrograd and Moscow, 

The extension of the Library on the technical side and tltr- 
increased hours of opening continue to be appreciated by itnvf. 
using the library, as is shown by the fact that the total attondain,., 
for 1921 more than double the figures for the year prcw’ious to Ihj, 
development. During th(' additional hours in which the libraiY 
is now open, 1,609 attendances w^re recorded in 1021 , a,s agains* 
1,550 in 1920. 

During 1921 the total cost of the Library approximated to n, 8 (i() 
(including i240 for additional shelving), and tow^ards this the con- 
tributing Societies subscribed £416 56’. The Council trusts that 
these Societies will continue to support the Library in as geiieroiiv 
a measure as possible. 

The additional shelving provided by the completion of the srcfiiid 
basement store will afford accommodation until 1926 at the prcsctit 
rate of growth, after which further accommodation will be needed: 

The books borrowed from the Library during 1921 numheroJ 
3,585, as compared with 3,079 in 1920. The additions In tlin 
Library comprise 244 books, 441 volumes of periodicals, mid ](]^ 
pamphlets, as against 312 books, 439 volumes of periodicals, and 
196 pamphlets last year. 

It will be remembered that the accounts for the year 11 ) 2(1 re- 
vealed an apparent deficit of £1,310 Os. Id. which, for reasoiu 
explained at the last Annual General Meeting, represented an 
actual deficit of £2,763 19s'. lOd. in comparison with the workk- 
of the previous year ; at the same tin:ic it was shown that ihr 
Journal had grown by 091 pages, Avhilst the cost per page had 
increased from £2 4s. 8 c/. in 1919 to £2 9 . 9 . 3c/. in 1920. C'uniiiKni 
prudence required tlie Society to raise the subscription, and die 
new rate coming into operation on January 1st, 1921, the accoiiiit' 
for that year show- the income to have been £17,157 59 . Sd.. an 
increase of £3,420 189 . Id. As anticipated, however, the expendi- 
ture also has increased, amounting to £10,676 '2s. 4J., and tine 
exceeding that of 1920 by £1,629 8 - 9 . 2d. Consequently, in spite 
of the expansion in revenue, the balance of iiiconu'- over e.xpenditni'.- 
amounts to only £481 36 '. 4 c/., incidentalh' providing a coinplcti 
justification for the Society’s decision to raise the subscnptier- 

The principal item contributing to the increase of iiicouK' al'i^c^ 
from annual subscriptions, these being £3,137 12 . 9 . Of/- in 
of those in 1920, the iiicrc'ase in life composition fees being oid} 
£42 as against the £931 106. Or/, by which, in 1920, the\' exciedO' 
those of 1919. The decision to raise the price of the dournritc 
the public from £3 to £4 is mainly responsible for an increase cleii'^' 



ANNITAL OBKBRAL MEETINO. 


727 


from the sale of publications amounting to £509 4s. Icf, gross, 
although £79 7r?. of this sum is due to expansion in sale of 

4nnual Reports. One most unusual, but very welcome addition 
to the revenue is a gift of £10 IO 5 . Od, from Prof. W. J. Lewis, 
who. as a life compounder for over fifty years, loyally desired to 
assume a share of the heavy financial burden which the abnormal 
times have thrown upon the Society. Against these increases 
must be set a reduction of £204 in admission fees, new Fellows 
now paying £3 instead of £4, wliilst the net proceeds from advertise- 
ments have diminished by £35 13 a'. Id. 

The increased expenditure is mainly on account of publications, 
the cost of printing the Journal having risen by £1,442 19s. Od. 
owing to the continued expansion of tlie Transaction.s from the 
lowe.st point reached in 1918, as shown by the following synopsis : 

Niunber of Pages. 

'tran.s. Abstr. Total. 

1()14 2,909 2,068 4,977 

11) is 09.7 1,032 2,027 

11)19 I, .71 7 1,148 2,605 

IliL'ii 1,648 1,708 ;5,356 

1921 2,13.7 1,636 3,771 

There rea.-oii to hope, however, tliat one factor in this item 
has reached the zeiiitli, the cost of the Journal per page during 1921 
having been £2 ]'2s. id. as against £2 9-5. 3c/. in 1920; but owing to 
a reduction in tl>c charges for printing and papci’, of which the full 
elTect will be felt this year, there should be a substantial reduction 
in the cost per page for 1922. Further contributions to the increased 
expenditure were made b^' postage charges, £56 9-5;. 10c/., authors’ 
reprints, £84 6c/. (the number of papcr.s in the Transactions 

having increased from 182 to 243), .Annual Reports, £246 5^. 3d. 
and furniture, £193 10,s. 3c/., a noo- recurring outlay of £240 10^. Od, 
having been made on bookshelves. On the other hand, there has 
hf'pn a reduction of HOT 6.,?. 9c/. in expenditure on stationery, and 
of Rii IT.;!!. 4c/. on mi.so'cllanoous printing, \vhilst legal expenses, 
involving £261 os. Od. for 1920, were not incurred during 1921. 

riuis it will ho recognised that, in spite of the subscription having 
been raised, tlic working margin of the Society is very narrow if 
the prospective increase of the Journal to pre-war dimensions is 
hept in mind. The w-ork of the Publication Committee is con- 
stantly showing that, in many cases, the abridgment of their 
communications by authors would offer the double advantage of 
presenting conclusions more attractively to readers and of saving 
unnecessary expenditui’e on paper and printing. Another 
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source of economy, almost entirely in the control of authors and 
abstractors, relates to the charge for proof-corrections, whicli 
could be substantially diminished by making contributions in 5 , 
form, preferably type-^mtten, which does not require subsequent 
material alteration. 

Whilst it has not been possible to make an addition to the invoiited 
capital during 1921, the increased rate of subscription permitted 
larger sums than usual to be placed on deposit in the first half of 
the year, resulting in an increase of £62 Is. Id. from interest, Jlean- 
while, the improved value of trustee securities is reflected bv an 
appreciation of £1,673 135. Id, in the market value of the Soeictv's 
investments. 

The foIlo^\'ing grants have been made from the Research Timd 


during the year : 

^ 

Tlie increase in solubility of phenolic bodies in water on addition 

of a third substance. C, R. Bailey 0 0 Ij 

(a) Preparation of aldehyde.^, (6) Condensation of p-iiitroaodi- 
methylanilirie with alkylidene malonie and cyanoacotic esters. 

W, Baker 7 0 ij 

Studies in the anthracene series (continued). E. de B. Barnett 10 (i (j 

Pliysical properties of the liigher normal fatty* acids and their 

derivatives. W, H. Barrett C 0 ii 

Study of certain fused reciprocal salt -pair systems. H. Bassett 20 0 0 

Investigation of monothioethylene glycol. G. M, Bennett ... .5 (» 0 

Isomerism of the oximes (continued). 0. L. Brady ... ... .7 (► ii 

Arodetermiiiationof the atomic weight of boron, H. V. .A. Briscoe 2t) (.» 0 

Physico-chemical researches on some of the rarer metals and 

their salts. H. T, S. Britton lU t.i (i 

(a) Sidphurous esters of phenols, [b) .\ction of fuming sulphuric 
acid and allied reagents on parattm hydrocarhons and their 
derivatives. G. N. Burkfiarrlt ... ... ... ... 5 0 tj 

Biochemistry of iodine (continued). .\. T. Cameron ... ... la •• *' 

Electro-depo.sition of metallii’ inatiganc.se, A. N. Campbell ... Id (' 
OrgaJio-derivatives of bismuth (continuctl). E. Challenger ... hi 

Studies in ring formation. , A. lb Challeuor ... ... ... h7 0 t' 

Constitution of a-campholytic acid and of Willstiitter's internal 
condensation product of ethyl mctliyldincetylsuccinic ester, 

J, P. C. Chandrasemi 15 d i' 

Action of bases on the aliphatic disulpfionic chlorides, d.B. Cohen d (J 


A study of the Reiiner and Tiemami reaction extended to tlie 

aromatic hydroxy -ackls. J, B. Cohen o 0 0 

Research on the tricarbazylmethane series. M. Copisarow ... Id 0 
(a) Xew methods of preparing indole derivatives, (6) Influenco of 
the entering group on the position assumed by a new sub- 
stituent in benzene derivatives. W. Davies ‘I • 

A study of the effect of atomic volumes of (/eni-dialkyl groups on 

the ease of formation of car bocyclic ring.?. S. S. Deshapande 10 •' ^ 

Experiments in halogenation (continued), S. N. Dhar 10 U 

A study of the formation of four- and five-rnembered rings from ^ 

substituted and imaubstituted carbon chains. F. Dickens... 10 0 



ANNUAL GENERAL MEETING. 


729 


Investigation on the organo-tin eompoiinds. J. G. F. Druoe ... 

Kektiori between chemical constitution and physiological pro- 
perties of diaKobenzeneimide and its derivatives, P. K, Dutt 
\ction of diazo-salts on sulphonainides (continued). P. K. Dutt 
Compounds of the pyrylium serie.s. A. E. Everest and A. J. Hall 
Tlie boat of oxidation of carbon over a range of tempera (ure.s. 

\V. E. Garner 

Production of organo-derivatives of thallium in the aromatic 

scries. A. E. Goddard 

Action of Grignard reagent on indium trichloride. A. E. Goddard 
Sviitliesis of now associated dicyclic systems and the eondi lions 
governing intra-annular taut on lerism. F. K, Goss ... 
Optically active «ec-onty)aniines and their relationship's to the 
corresponding alcohols. S. Greenberg 
The cliemifitry of bridged ring compouiKls exhibiting intra- 
nnnular tautornerisrn. K. C. Grirnwood 
The application of dibromoaceto)utrile in organic synthesis, 

IJ, M. Gupta 

Sniciy of the alicyclic system containing two eyefo pentane rings 
having two carbon atoms in common. R. T. Holden 
Investigation of 2 : 3-derivatives of n-butane. A. Houssa 
Investigation of the catalytic activity of metal hydrosol.s. 
T. Iredale 

All examination of the compounds of the liydrazo benzene group 
obtained by condensing picryl chloride with substituted 

phenylhydrazines. J. I, M. Jones 

Influence of nitro-groups on the reactivity of substituents in the 
benzene nucleus (continued). J, Kenner 
Study of bridged ring cornpouiidK. E. W. Larifear 
Researches on colloids (continued). J. \V, AIcBain 
Preparation and examination of some new tricyclic ba-e.s 

T.S. Moore “ _ 

Investigation of gallotannin (continued). 31. Xierenstein 
Studies in the chi'oman series. 31. Xierenstein 
Constitution of catech in (continued). 31. Xierenstein 
Preparation of sptVo -hydrocarbons and tiieir derivatives. 
W. S. G. P. Xorria 

A study of the effect of potentially quaternary carbon atoms on 
the ease of formation of carbocyclic rings! K. C. Pandya .. . 
formation and stability of the condensed systems of cyclo- 
propane rings obtained from polvaeetie acids of methane 

W. J. Powell ' 

Action of acids on metals. C. \V. Rogers 

Extension of benzoin conden.sation to un.saturated esters. C. 
Simpson 

Iht effect of atomic volumes of pem-alkyl groups on the ease of 

formation of carbocyclic ring.s. B. Singh 

study of intra-annular tautomeri,sm in the ci/c/o butane 
series. D, G. Smith 

Formation of cyclic compounds from phenylaeetahJehvde and 
ejanoacetamide, A. Stevenson 
S' action by metals in acid solutions. S, Sugden 


£ rf. * 
fi (I 0 

10 0 0 

.1 U 0 

'i 0 (J 

a 0 U 

7 0 0 

2U 0 0 

lb 0 0 

l.b 0 0 

10 0 0 

lb 0 0 

1 .') 0 0 

10 0 0 

l.b 0 0 


10 0 0 

b 0 0 
10 0 0 
20 0 0 

20 0 0 
20 0 0 
lb 0 0 
20 0 0 

lb 0 0 

lb 0 0 


lb 0 0 
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Coupling of diazonium compounds witli esters of a^-unsaturated 

fatty acids. G. Thomas ... lOOij 

The mechanism of catalysis at metallic surfaces. A. F. Titley... lU o ,j 
Preparation of nitrophenyl ethers of glycol, glycerol, and other 

polyhydric alcohols. H. Toms 10 o ii 

Total £629 0 Ti 


Tliis aggregate exceeds by £71 the sum of the paymenis ntai]. 
in 1920, and the balance nf incoine over expenditure is 
£18 105. Off. as against £123 1.9. id. for 1920. The market 
the securities has increased by £1,073 3.9. Sd. 

A vote of thanks to the Auditors, proposed by the Treasurer 
and seconded by Dr. H. King, was carried, acknowledgment beiiu/ 
made by Dr. G. Senter. 

Dr. R. H. Pickard, in proposing a \’ote of thanks to the Treasurer 
Secretaries, and Council for their services during the past year 
referred to the great loss the Society had sustained by the death 
of Dr. H. R, Lc Sueur. The motion was ser-onded by Dr. ] 
S.MEDLEY Maclean and carried unanijtiously, Sir William .J 
Pore making acknowledgment. 

The President declared as duly elected the Fellows who liad 
been nominated to fill the vacancies on the Council : 

Vice-Presidents v'ko have filled the ofjke of President.—li. B, 
Dixon; P. F. Frankland. 

Vice-Presidents who have not filed the office of President. ~V. C. C 
Baly; T. M. Lowry. 

Secretary. — Irvine Masson. 

Ordinary Members of Council.- [a] Town Members, i.e. tho^r 
resident within fifty miles of Charing Cross : C. Doree; J. J. Fox: 
J. R. Partington, {b) Country Members, i. e. those reskkni 
beyond fifty miles from Charing Cross: L M. Heilbron; J. W. 
McBain; W. H. 

Profe.ssor C. K. Tinklei', Dr. R. C. Farmer, and Professor T. 8. 
Moore xvere unan inn nisi ek'cted to act as Auditors for tlie year 
1922. 

The President Ukui delivered his address, entitled, ''Tlif* 
Role of the Physicist in Development of Clicmical Theory." 

A vote of tlianks to the President, witJi the request that he 
would allow hi.s Address to be printed in the Transactions, was 
proposed by Sir Wii.t.tam A. Tilden, seconded by Puofessob 
J. Norman Collie, and earned xvith acclamation, the President 
making reply. 
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PRESIDENTIAL ADDRESS. 


Delivered at the Anxual General Meetinc, .Murch 30th, 1022. 

By Sib James Walker, D.Se., LL.D., F.K.S. 

The Role of the Physicist in the Development of 
Chemical Theory, 

At a time when the commerce between nations has emerged from 
the obscurity of custom and assumed paramount importance in 
the general mind, a scientific man may perhaps ))e pardoned if his 
thoughts take a commercial turn and incline to the consideration 
of the traffic between the sciences. As each country ha.s it.s imports 
and exports with respect to other countries, so each science has its 
imports and exports wdlh respect to oilier seienees. That there 
is a liquidated balance of trade can .scarcely be maintained : one 
science remains a lasting debtor, another a lasting creditor. I’lie 
commodities exchanged are ideas, uith occasionally a method or 
an invention, and their value is not to lie measured in depreciated 
sterling or more depreeiatod marks : vhat jiaynient there i.s mu.st 
he by ivay of b.arter. Tlie general capital of ideas, mcthod.s, and 
inventions is ever increasing, and the accumulatiHl .^tock is free to 
all wlio are capable of using it. 

In this exchange the concrete seience.s in general profit more than 
the abstract sciences. The ])ure mathematician is free from the 
trammels of matter or ether, and like the chima^ra of old. bomlnnates 
joyously in a vacuum of n dimensions, shedding functions and 
operators in his gambols, which to the ilieoretical physicist may 
prove of incalculable value. T'hc ])hysieist in turn exports largely 
to the chemist, to 'ivhom the biological sciences, chiefly on tJieir 
])hysiological side, arc next indebted, and so on. 

Since science is one, aiul is only split into separate disciplines to 
lueet. human dispositions and human limitations, the ri.se of borrler- 
land sciences becomes inevitabh' with tlie growtli of knouiedge. 
The practitioners of these sciences arc middlemen in the exchanges; 
the mathematical physicist, the physical chemist, the biochemist, 
t ie ])h\ biological psychologist, and the like, facilitate the interchange 
ideas and methods between the neighbouring scientific groups. 

* characteristic of contemporary science is the cultivation of lliese 
^onleiiands. Physical cliemistry, if judged by the number of 

D D 2 
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researches it produces, or by the time devoted to it in acadeuiie 
instruction, now occupies a place almost coequal with the traditional 
subdivisions of chemistry proper. Since in what follows I 
have to distinguish as sharply as possible between physicists and 
chemists, I propose to divide physical chemists into two tlasR-;. 
according as their outlook is primarily chemical or primarilv 
physical, For instance, Ostwald and van’t Hoff belong to tlie firq 
group, and these I shall call chemists ; whilst Arrhenius and Xemst 
belong to the second group- tliese 1 shall call physicists. 

\Vc chemists arc, 1 think, somewhat oblivious of the debt whid, 
we owe to physicists in tiie development of our science, parliciilarly 
on its theoretical side. At the present time, the existence of the dchi 
can scarcely be denied, The physicist is the scientific conquisiador of 
to-day. He has crossed the interatomic ocean, he has skirted or 
explored tlic archipelago of electrons that fringe the atom, and ha? 
at last invaded the tiny continent of the nucleus. Invasion may 
seem too mild a term for his operations : he has hurled contincMt 
against continent with results that leave us aghast and filled wiili 
a wild siii'mise as to hts future exploits. Such things arc promi- 
nently before us, but we tend to ignore the less -startling eontribiitiors 
of pliysicists to tiie advance of cliemical theory during the la?t 
century, and these I ])ropo.sc to pas,5 in brief review. We slial! iitid 
the indcbtedne.ss to our physical colleagues so great, that it is nu 
small consolation to know that a chemist and not a phy.deisj: laid 
the foundation of our modern science. As Bacon says, ‘‘ Thm- 
is an unavoidable necessity for men, if they will walk eoiisistenlly, 
to have recourse to atoms, which are real, material, tigiirativf, 
measurahle things, Iiaving situation, resistance, afjpctitc, motion, 
emanation, and remaining for ever unshaken and the same amid tlic 
de.struetion and change of all natural bodies.” Thi.s philosophical 
nece.s.sitv was supjdied by the atomic theory of Dalton, whiclnvclded 
the coiieeplions of atom and elemcmt into a coherent srientiht 
svstem, and provided a simple quantitative symbolisatioii of oven 
greater immediate value for the progress of eheniLstry fhau th|' 
parent tlieorv it.self. Indeed for many decades the atom, voiic!! 
the quaiitilalive symbol originally represented, was practieaily for- 
goltcii, and only regained its significance in (!omparafively rco-iii 
times. 

Whilst the modern notion of the atom is due to a elicmiht, >v 
owe to physicists the notion of tlic gaseous molecule as ultimat' 
physically independent unit of chemical .substances. Gay-Liis^ai^ 
who may be regarded with equal right as chemist or 
since he was Professor of Chemistry at the Ecoh 
Professor of Physics at the Sorbonne, made a contribution of 
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f.oii^equeiicc in the development of chemical theory by his discovery 
t,f the law of gaseous volumes. According to Dalton, all bofiie.s, 
including gaseous bodies, enter into chemical action in simple 
multiples of their characteristic combining weights: according 
to GiiV'Lussac gaseous bodies enter into ehemieai action in simple 
multiples by volume. There must then exist some simple relation 
between the volumes occupied by the combining weights of different 
Dalton attempted to .state the relation in the form that 
equal volumes of different gases contained tite .same number of 
■itoins. This immediately led to eonUadiclury results, and Dalton 
induced to doubt the accuracy of Gay-Lussac’.s experiments. The 
roconciliatioii of theory with experiment was effected in 1811 by 
\modco Avogadro, Professor of Pliysics at the University of Turin, 
and independently a few years later by Ampere, also a pliysicist. 
\vo<iadr(.) defined in effect the gaseous molecule and stated the 
principle that equal volumes of all gases under the same conditions 
contained the same number of molecules. 'These pliysieists were, 
liowever, so far in advance of tlie eliemical thought of their 
time that their work, fundamental and simplifying as it was, 
fell info utter neglect. The reason is, no doubt, that volatile 
rompouiids were then comparatively few in number, that accurate 
liielliods of vapour density determination were not available, and 
that organic chemistry was not snffieioritly advanced for the 
necessity of the precise definition of tiic molecule to Ix' fell. The 
work of the great organic chemists of the forty years .succeeding 
the announcement of Avogadro's principle led only slowly to the 
recognition of its signiiicanee. Tiic Drench school of ehemi.vts, 
and Williamson in this country, saw the advantage of comparing 
equal volumes of gaseous conqwunds. but the systematic application 
of Avogadrots principle to organic and inorgaific compounds alike 
Mfi.s not made until IS.uS by Cannizzaro, who first a])preeiated its 
fnil scoi)e and bearing. r>y its use the ]>res(mt system of atomic 
weights was }>ractically fixed, recourse being had in some eases, 
wliere volathe compounds were wanting, to tlie principle of thc. 
eonstancy of atomic heats, diic to the collalnn'ation of the physici.st 
Petit with Uic chemist Dulong. 

The next great principle, w hich we also owe to a p]i\>ieist. is the 
law of the identity of (lie clieniieal a]\d elcetrochemical eqni\ alents. 
lid' law summarises the electrochemical work of Faraday, dating 
from the thirties of last century. The beginnings of electrochemistry 
arc due to chemists — the ])raetical side largely to Davy, the 
IjK'oretioal application of electropositive and electronegative in 
qv.steniatic chemistry to Berzelins, It was F'araday, liowivtac wlio 
J>tated the quantitative laws of electrolysis and invented the iiomen- 
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clature used at the present day. The quantitative association of 
matter witli electricity is fundamental, and Faraday first gave 
precision to the ratio of charge to mass, of which so much has been 
heard in recent yeans. 

By the end of the iiftie.s the cousidcralion of the organic nioleculf 
had led to the recognition of the essential quadri valence of the 
carbon atom and its ex])rossion in graphic formiilGe as wc iiowusi- 
them. The molecule, from oire point of view a mere gaseoi^s 
particle, has now a dehiiite struct live assigned to it, a structure wliH 
can he represented by an easily grasped .symbolism, dependent on 
tiie general notion of valency. In the next decade, progress was 
made in various directions, chiefly by cliemists alone, but sometimci. 
in association with physicist.s. First there was the devc).o|j]iicni 
of the formulation of the carbon compounds which led eventuallv 
to t!ie coiKxqition of Hie asymmetric carbon atom as put forward bv 
Le Bel and vanh Holf, and to stereochemistry generally. TIion 
there wa.s the foundation of spectrum analysis by the collaboration 
of the chemist Bunsen v. ith the physicist Kirchhoff. Here we have 
an example of the iniportanco of a new instrument of investigation. 
The spectroscope of the jjhy.siei.st gave the chemist a method of 
detecting with case and certainty quantities of chemical elements so 
small as to be beyond the reach of the finest balance. In its modern 
dcvelojjment, sjicctroscopy helps the astronomer on the one hand to 
state what sub.stances are in the remotest star,^, to measure their 
proper motion, and in general to determine the nature of the stellar 
universe, whilst, on tlie other, it enables us to peer into the strnotiin 
of the atom. In the early sixties the spectroscope found its most 
striking use in promoting the discovery of now elements, for example, 
ca?siiiiu, rubidium, thallium, wliich without its aid would scarcely 
have been detected. In later times, the discovery of helimii and all 
that it imjjlies may likewi.se be attributed to the sjjcctroscope. 

With the definite establishment of atomic weights by the recogni- 
tion of Avogadto's priiici])le and the discov ery of new element it 
wa.s only natural that a system of tlie elements basetl on atomic 
weights should be sought, and at the end of the .sixties this received 
dehnitc expre.ssion in tlio Periodic Law of Mcmdeleel! and Lothar 
Moyer. Almost .simultaneously, the fundamciital chemical law 
of ina.ss*action regulating chemical vclocitie.> and chemical cqiuhhha 
was laid down in a general manner Ijy Guldbcrg and Uaage, once 
more a co-operation Ijotwcen a chemist and a practitioner of a mon- 
abstract .science. 

The great contribution of the seveiitio.s to theoretical ehemi-sfi’y 
is to be found in the Phase Rule of the mathematical physicist, 
Willard Gibbs. It k a principle of the wide.st scope, applicable to 
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tero^^cneous equilibtiam, both physical and chemical. Being 
'^ibli^hed in the, Transactions of a minor academy and being, in 
^('idition, unattractive in form, it vas only in the nineties that 
vast* importance was realised, Like Avogadro’s principle, 

• \vas in advance of its time. Gibbs defined clearly the phase, s 
> iiiechanically separable constituents of a .sy,stcm, and the com- 
mits of which the phases were constituted. By proofs l)as<'d on 
tkrmoclyiianiical ])rineiplcs, he showed that the juimber of phases 
■ iiilibriuni could ne\’cr exceed the number of components by more 
than and that the system gained an additional degree of freedom 
for each phase short of this maximum number. The rule find.s its 
most important ajiplication to solutions, winch Imd only been in- 
vc^tit^ated sporadically at the time of its inception. As instances of 
it, utility on the great scale may be cited its application to the 
Stassfurt salt dei)Osit.s by van'i Hoff, aiul to the production during 
the war of ammonium nitrate from sodium nitrate and ainmoiiium 
chloride. 

dthough much scattered work had been done on solutions in the 
seventies and eighties, it wa,s only towards the end of the latter 
decade that a theory of any generality was reached. \'airt Hoff, 
fouadiug on experiments by the botanist Pfeffer, developed his 
osmotic ])ressurc theory, according to which there is for dilute 
solutions a formal analogy between tlie dissolved substance in the 
solution and the same substance in the state of a gas. Lor gaseous 


pressure we substitute osmotic pressure, and had for dilute solutions 
the same simple laws as regulate the bcha^’iour of gases. Although 
the jH’inciplc is only a fir,st approximation to exact statement, it 
opened the door to cxp)erimental and theoretical invest iga I ions 
which are still in progress. Amongst other things, it gave the 
theoretical ba,sis for the determination of molecular weights of 
substances in solution by the freezing- [)oi[it atid boiling-point 
methods. 

At first sight, electrolytic solutions could not be brought imme- 
diately unde:' the osmotic pressure generalisation. The physicist, 
Arrhenius, however, by putting forward the theory of electrolytic 
dissociation almost simultaneously with the osmotic j)ressure theory, 
accounted for the exceptional behaviour of electrolytes in a simple 
manner. According to Faraday's theoretical eonception, salts, 
acids, and bases in acpieous solution conduct electricity in virtue 
of their being split up into ions : Arrlioiiius gave a (plant itative 
precision to this notion by showing how tlie actual conducting power 
wa.s related to the number and speed of the ions (the relative speeds 
having been previously measured by the jibysieists llittorf and 
hohlrausch). Whilst the thooi’v tog(Aher witli tlie law of mass- 
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action gives an accurate picture of the behaviiur of aqueoiis soluticjj.. 
of feeble electrolytes, the treatment of strong electrolytes siij] qjjJ 
Hifficnlties which have not been overcome. Taking the theorv' f 
electrolytic dissociation as starting point, the physicist 
developed a eomprelionsivc treatment of electromotive force, Avhi^ 
to the clieniist is not only useful in its application to deUTininiiy, 
very small ionic concentrations, but is indispensable in detcMiiijii]!^ 
the affinities of certain systems. To Xernst also we owe a 
thermodynamical rule of iniieli use in calculating chemical equiliijfjj 
and the affiniiies of the substances concerned in them. 

We now come to a branch of cliemistry the devc^Iopment of ^vhir.]. 
lias been almost exclusively in the liands of physicists. X|),, 
phenomena of the discharge tube liave always attracted tie 
attention of investigators. Crookes considered that in high vaoia 
the matter present was so tenuous and different in its proiK>r(ii> 
from ordinary matter as to deserve tlic special name tj{ radian, 
matter. The thought was a ha})py one, and the study of tlie passa-^f- 
of electrioit3- through matter of such tenuit\g where the ciTects (-t 
the electric strain on separate particles are not immediafelv wiped 
out by collisions, has led to discoveries ^^■hic]l have revolutieiikd 
our notions both of atoms and of elements. Amongst ph^'sieisis wb, 
studied .such plienomena at the beginning of the productive pmn! 
may be named Lenard Kontgen and J. J. Thomson. Xot ocivwiu 
their work of great importance in itself, but it h'd to the clevclopiiK'ti! 
of experimental methods whicii accf-lerated tlie advance of knowleds- 
to a marvellous degree. The electroscoi)e here ])Iays the part whidi 
was played half a eentui'y earlier I)}’ the spectroscope. W’ithnir 
this delicate histruuieiit the (|uantitali\'e stiuh^ of radioactivity 
would have been practically im])ossiblc. The linking uj) of lb- 
investigation of X-rays, cathode rays, and radioactivity is one ni 
the most intcrcstitig eoiuaitenations in tln^ history of jthvsieal scicao'. 

The discovery of radioacti^ it\' we ow e to the pliyslcist Beciiiicrd. 
and its successful prosecution to tlie combined activitie.'; of a 
physicist, and chemist, Pitu're ('uric' and his \vif(\ The fiiriliir 
develo])mcnt cjf the sulijc-ct has been carried on by physicists ami 
by chemists, oitlier working sejiarately or together, as in tb.- 
instanc'o of llutherford and Soddy, Tim thc'ory of alouiic dis- 
integration due to these' workers breaks jiew ground in out' fcii- 
ception of elements and atoms. Tlie element is no longer an 
unehangeable ground material: the atom of Dalton is no longi'i' 
an ultimate iiidivisilile unit. Tiic problem of tlie eompositiou ami 
structure of the atom assumes ati insistent form : it ecasos to If 
merely speculative, and demands a dc'finite answer. 

■ If the answer is to be more than qualitative we must attain a 
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I'liovlcdgo of the ma|nitiide of the atom. The beginning.s of this 
^vere made in the mtd(ile of last century in the determina- 
tion of a limit of continuity, for example, in gold leaf, in soap- 
[lubbles. etc. The kinetic theory of gases, too, atTorded information 
a^lo the probable magnitude of molecules, the relation of which to 
that of 1 he atoms was dellnilely knowji. The study of the Brownian 
nio\Tinent of suspended particles and the settling of suspensions 
fiiahled Perrin to estimate molecular and atomic magnitudes with 
.otiK' precision. Tlie most accurate m(‘thods, however, depend on 
„ar knowledge of the fundamental electrical jiiagnitude, the charge 
,,f the electron. In Ins Fai'aday Lecture, Helmholtz said : “ Jf vee 
at'cept the hypotltosi.s that the clomentaiy substances are eomjKJsed 
of atoms, we cannot avoid the conclusion that electricity, jjositive 
v.'oll as negative, is divided into detinite elementary portions 
whieli l)eliave like atoms of electricity." This conclusion follows 
from Faraday's lavos of elect roly. si.s, which show that electricity " 
niav he added to the list of chemical elements, obeying in it.s com- 
liination with other elements tlie taws of iixed and multiple pro- 
portions. If the elements of the ions are atomic, the electricity with 
wiiicli tliey are charged must be atomic likcwi.se. We know 
accurately the ratio of charge to mas.s — .say in tlie case of hydrogen, 
grains of which arc associated in solution with 90,540 coulombs 
electricity. If wc could only learn then how many atoms of 
electricity it takes to make up 00,540 coulomlis, we .should know 
that there is the same number of atoms of hydrogen in 1-OOTO 
ttrams of that element. To ascertain the magnitude of the charge 
of the electron or atom " of electricity is of prime importance to 
chenii.sts. The researches of J. J. Thomson, C, T, K. Wilson, 
.Millikan, and other pliysieists liave sujiplied the answer. We now 
know the absolute weights of the atoms with an error not exceeding 
1 per cent. 

Since the electron may be generated from any kind of matter, 
it v.a.s only natural that it should be regarded as a uniyer.sal con- 
stituent of atoms. But as the electron is es.senlially negative, the 
atom must also contain jiositive electricity in order tiiat it should 
he electrically neutral, and since likewi.-e the mas.s of an electron i-s 
luimite eoinpared with that of the light ist atom, the main mass of 
the atom is in all probability assoeiati'd yith positive electricity. 
It remained then to determine, tirst, how the electrons were related 
to the po.sitive part of the atom, secondly, liow many electrons were 
contained in an atom. J. .J. Thomson's first hypothc.sis that tlie 
electrons were distributed throiigli a s])liere of positive electricity 
nniformly occupying the whole bulk of the atom has been dis- 
carded ill favour of Rutherford's theory that the positive electricity 

D D* 
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is condensed in a single nucleus surrounded by electrons, the 
of the negative charges of U’hich is equal to the positive oharffc in 
the nucleus. It was soon discovered from a study of the seatteriiK; 
of oc-rays by the atom and the intensity of scattered X-rays that tip 
number of electrons in an atom \va.s comparatively small, 
indeed about equal to half the atomic weight. The admirable ^voI•h 
of Moseley on the characteristic X-radiation of the elements detiiKq 
with certainty what we know as the atomic number of the elemont^ 
and it was an easy step to recognise in this essentially iiitecfral 
number the number of cleelrons surrounding the nucleus, Hou- 
we have definite material for tlic conslrnclion of an atomic model 
For a given atom we know the nuclear charge and the number ol 
electrons corresponding with it, and it only remains to find an arranoo- 
ment of the electrons about the nucleus which shall correspond with 
known chemical and pliy steal data. 

In the atomic model of Bolir, t he electrons jnove in orbits roiiml 
the nucleus much as planets mo\e round the sun; and on certain 
assumptions regarding these orbits Bohr has been able to calculate 
the wave-lengths of the .spectral lines of the simpler elements with 
an almost uncanny accuracy. This type of atomic model satisfies 
the physiei.s(, but it offers to the chemist no adequate account uf 
valence. The chemist therefore naturally turn,s to the Lewis- 
Langrnuir mode), in wliich the electrons arc ranged round the 
niieleus in successive shells and are regarded for schematic purpo.scs 
a.s being at rest, That the electrons tend to form stable octets is 
taken as the fundamental principle in atom-building, and on this 
principle tlic main facts of valency inay lie accoimted for. Only the 
electrons of the outermost shell arc affected in chemical actions, 
and by suppositions as to the transform ce of such electrons from 
atom to atom, or the sharing of electrons between atoms, a 
moderately sati.sfactory picture of chemical combination and 
chemical compounds may be formed. 

These two models, each satisfactory in its own spluTC, arc, 
however, irreconcilable ; in one, the electrons move in orbits roiiiid 
the nucleus; in the other, they arc fixed, or move about fixed 
points external to the nucleus. In science there can he no com- 
pronii.se in the strict sense, but only compromi.se in the scn.<c in 
which a l.)aby may be regarded as a compromise between its parents 
It is to be ho|X'd that these two apparently antagonistic atomio 
models may be the progenitors of a new atomic model which will 
satisfy physicists and chemists alike. 

A.s lias been said, it is only the electrons of the outermost shell 
that interest the chemist for his everyday purposes: they alone 
play a part in chemical reactions. The nucleus and kernel of the 
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atom are beyond the reach of his reagents. But tlic philosophical 
ineuirer must not be limited to commonplace reactions. The nucleus 
is all-important for the explanation of radioactive disintegration. It 
is the nucleiLS which expels a charged atom of helium as a-particle, 
it is the nucleus which primarily exjx'ls an electron as fi-particle, 
although in the end the outer electrons arc thereby affected, with 
consequent changes in valence and chemical proper tic.s in accordance 
witli the well-known schemo of Soddy and Tajans. As Sir Erno.st 
Kiitlierford showed in a recent lecture to the Society, the tmeleus 
(if ordinary atoms is not immune from external attack, vigorous 
bombardment b 3 " fast a-partivles leading in some eases to it.s 
disintegration. 

The subject of isotopy is also i)rimarily concerned with the atomic 
nucleus. The conception flr.st arose in connexion witli the radio- 
active elements, the schemo of di.sintegration leading to the ncces.sity 
of acknowledging elements which differed in their radioactivt; 
properties (that i.s, in the behaviour of their nuclei) and were yet 
ehrrnieally identical. The pow'erful positive-ray method of Thomson, 
.drice modified by Aston and others, has shown that isotojiy is far 
from being restricted to the radloacli\ c elements, at loa.st lialf the 
ordinary elements .so far studied being, not .simple, but mixtures of 
isotopes of different atomic weights. The atoms of such mixture.s 
differ in their nuclei, but are idem I leal iu their outer electrons, and 
therefore iu their chemical proficrties. 

Theories of the .structure of the nucleus are now based on the 
as.<umption that the nucleus of each atom is com])osed of Inxliogen 
nuclei closely packed togetlier witli electrons, ddio weight of the 
atom is essentially dctcrmimul by thi' number of livdrogeii nuclei it 
contains, the positive cliargc of the nucleus (or the numbtu- of external 
electrons) is equal to tlie excess of liydrogen nuclei over electrons in 
tlie atomic nucleus. We ha\-e thus reverted to the li^qiothe.sis of 
Trout, promulgated more than a centurv ago, tliat all atoms are 
compo.setl of hydrogen atoms, or rather of liydrogen nuclei. The 

philosophical '' atoms are tlicrefore uo longm- the atoms of Dalton, 
hut tlie electron, and the liydrogen nucleus or ptroton. Whether 
m these two there will be revealed an ultimate unity, we may leave 
M ithout too mucli unxiot y t o t li e f u t u re . 

chemists liave looked into tlie structure of the atom, not 
lueiely with the instruments, but with the e^’cs of llie ph\'sici.sts, 
and to them again we arc indebted for our knowledge of tlic 
of crystals. The work of Laue and of tlie Braggs on tlie 
n* raction and reflection of A -rays b}' crystals has alreach’ yielded 
results of the greatest import. We know defliiitely liow certain 
utom.'5 and groups of atoms are arranged in crystals, and even the 
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arraiigemetit of oloctrons in atoms doos not seem beyond the soonf 
of the metliod. An interesting side-light too has been llirown on 
colloidal solutions, it having been shown, for example, that the 
colloidal particle of gold is crystalline and lias the same c-rvst,;,] 
structure as massive gold. 

When we turn from the structure of the atom to the soiuvo of 
its activities we find anotlicr physical conception indispensable for 
its comprehension—the quantum theory of 3Iax Planck. Originallv 
j)roposcd to account for the facts of radiation, this theory has pruvoli 
a most powerful weapon of attack iu physico-chemical problems of 
the most variial description : nothilig scorns beyond its range, h 
eau be applied to the discussion of physical and chemical equilibria, 
to the atomic lieats of solids, the molecular heats of gases, iho 
ahsorption spectra of iiepiids, photocliemical reactions, eatalvsis 
and cliemical action in general. It seems indeed to be a key which 
eati open all doors, although the nature of the key is itself ohsoun\ 

Finally, we owe to the all-pervading theory of relativity the 
interesting suggestion that the difference between the mass of the 
hydrogen nucleus as found in other nuclei, uamely l-OOO, aii:l the 
mass of the hydrogen atom, 1-0076, is duo to the close packing of 
nuclei, the vanished mass having assumed the form of energy. 

T fear that this recital of our obligations must have proverl some- 
what depressing to a chemical audience. Can wc do nothing 
theoretical for oui'sclves ? Within our special province we can and 
do. The cliemisCs chief cnnecni is, after all, with material change. 
He has hnill up and is still elaborating a theory of the molecule, 
particularly of the organic molecule, which gives expression to the 
changes that oeLair wiieu the jnoleculc is being formed from other 
matter, or is being converted into other matter. But if the analysi' 
of properties and jdienomeua is to be carried back to pure dymiiiiks 
or electromagnetics, lie is in the end dependent on the ])hysk:ist. 
who is a specialist in Ihesc matters. This being so, arc wc content 
with acknowledging tlm. oldigation ? Can wo not iu .some measure 
repay it ? One !nim1)le means of repayment is to provide the 
physicist with a variety of materials — pure materials— winch he 
may study. But liiere^ is another of a much more fundaineiital 
character. By placing our theoretical requirements before the 
physicist we suggest to him new fields for cultivation, and provide 
a fresh .stimulus to his research, This is a general method of repa}- 
ment of llie more concrete to the more abstract sciences. A tirm 
insistence on the fact tliat no atomic model can be regarded a- 
satisfactory by the chemist unless it accounts in a sini})!? way foi 
the phenomena of valency may guide the phy’sicist to allogetha’ 
new conceptions. 
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repayment may strike even us as inadequate, but wo have 
tiie satisfaction to know that if our wares are of comparatively 
little utility to the physicist, they are highly prized by the physi- 
(togist. The modern physiologist revels in colloids, osmotic 
Mi'cssure, and hydrogen-ion concentration, and thereby increases 
oiir activities by setting us problems whicli we feel bound to .solve. 
Thus the exchanges bet\s eeii the sciences, although often one-sided, 
arc always benelieial and foster tlie growth of science as a whole. 


OBITUARY NOTICES. 


GAXESH SAKHARAAF AGASHE. 


Born September Iotii, 1SS6; Died Decembor 2xd, 1921. 


Prof. G. S. Agasiie, who died on Dc^cemlxM' 2nd, 1921, was born 


on September 15th, ISSG, at Bliivandi, Thana, Bombay Fresulency. 
He eanie of the well-known Chitpawan, Mahratta race, and his 
fatlicr, the late Sakharam Rao Agashe, was well known in his 
circles for simplicity of life witli advanced vicw.s. lie received his 
early education at Ratnagiri and his University education at the 
Wilson and Elphinstone Colleges of Bomliay University. After 
graduating with credit, he took up post-graduate work in the 
tcchno-chcmical laboratories of the late Brof. Gajjar and obtained 
his 51. A. dcgrc'c in 1908. In school and college, Prof. Agashe was 
known to be elcvor and hard-working. Reserved Ijy nature, he 
.qjent most of his time in the laboratory, in study and in tliought. 
Hi' had a passion for knowledge and he became Sir 51angaldas 
Xaihubui Scholar at Owens College, Cniversitv of Maneliester, 
early in 1901). Dicre he came under the influence of Prof. W. H. 
Perkin, jun., and Prof. II. B. Dixon, and took his B.Se. degree 
in 1911. 5Vith Dr. Weizmann he worked on “ Alcoholysis, “ which 
gave him his 21. Sc. degree. 

Agashe contributed, in the TraumdioiU':, " Condensation of 


Acid Chlorides "with the Ethyl Esters of (a) Cyanoacetic Acid, 
i^j) Malonic Acid, and (c) Acetoacetic Acid ; “ and in Scif/ice 
Stereo-isomei’isin and Optical Activity— a Critical 
htiidy, with a Xew Suggestion." After returning to India full of 
Kleas for research work, Prof. Agashe entered the 2Iadras Univer- 
''k), as Professor of Chemistry at Pachaiyappa's College, Madras, 
ni July,^ 1915. He wanted to form a research institute, but a 
ouingp^in the political condition of India, during the latter half 
1JJ7, led him to leave the Madras Ihiivorsity and he became 
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Principal of the newly-created National University at Advar 
Madras, 

The claims of teaching and of organising the University 
little opportunit}^ for research, although Agashc has left a lar^p 
number of data on adsorption phenomena, efflorescence, and 
deliquescence to be completed. 

In May, 1920, he fell ill owitig to physical strain, which developed 
into tuberculosis of the lungs. For a time he seemed to improve 
hut reaction set in and he succumbed to the disease in Becemter 
1921. 

Agashe was a young man, full of promise, impersonal and 
unemotional by nature and theosophical in ideas. He was the 
student's friend and President of the Second Students’ Convention 
held at Madura in 191S. A beautiful casket was presented to 
him by the students of Pacha iyappa's College when lie left for the 
National University, and this he gave to the new University. 

Prof. Agashe's reading was many-sided, and he had a good graip 
of mathematics, Sanskrit, biolog^y religion, music, logic, and history, 
As an educationist, he considered the pre.se ut method of teaching 
in India faulty and he suggested wliat he called the " Evolutive ' 
method. He planned editing a series of text- books on this method 
and inaugurated the same by an introduction : " Where We Stand 
in Science and How We Got There." Death overtook him before 
he could complete the work. 

Before his death, Prof. Agashe made over his library, containing 
nearly four thousand volumes, to the National University. He 
leaves behind him his wife and his mother, as well as numerous 
friends and students to mourn his loss, T. S. X, 


EDWABD WILLIAM TAYLOR JONES. 

Borx March 2nd, 1846; Died February 19th, 1922. 

Edward William Taylor Jones died at his residence, Tk 
Oaklands, Wolverhampton, on February 19th, 1922, requiring 
hut a few days to complete his seventy -sixth year. Until some 
twelve months before his death, in conjunction with his son, k 
was regularly engaged in his professional work, attending tk 
laboratory daily, but failing health during the past year necessitated 
a break in his long activities, and he contented l)imself latterly 
advisory help in the problems of his varied practice. Mr. EclwaaJ 
Jones, his father, wms associated with that well-known Stalforcl.^lik 
iron master, 8. H, Blackwell, whose name figures so Ircquenth m 
the pages of Dr. Percy’s book on '‘Iron and 8tccl,'’ and who nnsa 



OBITUARY NOTICES. 


747 


oncer in the application of science to the production of those 
*^ietals. It may be that the prospects of the interesting and useful 
career that technical chemistry offered were thus early brought under 
his notice, and influenced him in the choice of his profe.ssion. 

Mr Jones was educated at a WolverliainjMun private .school, 
the ])rincipal of which Y'as Mr. Tyrer, of whose (piaiitics as a school- 
master and a man, his son, Mr. Thomas Tyrer, was wont to give 
^ucli pleasing reminiscences. 

On leaving school, Mr. Jones entered the chemical works of Mr, 
j H. tVildsmith, of Wolverhampton, but did not remain there 
as he was anxious to obtain better advantages for his chemical 
rtliK'ation tiiaii Whdverhampton offered at that time. He therefore 
j)roccedcd to the Royal College of Chemistry, and studied under 
Professor Hof man, obtaining first class certificates in the various 
(’olleiie examinations, and in the same year was awarded the silver 
and bronze medals by the Science and Art Department, taking first 
place in organic chemistry, and the fourth in inorganic chemistry. 

In 1S71, Mr. Jones returned to Wolverhampton to eomraeiiee 
practice as an analytical and consulting chemist, and soon acquired 
a good cUenteh. In 1878, he was appointed the first Public Analyst 
for Wolverhampton, and later in the same year to a similar position 
for South Staffordshire, whilst four years later the addition of Xorth 
Stafford constituted him Analyst for the whole county. These 
positions he continued to hold until his death, and numerous other 
appointtneots as public analyst and official agricultural analyst were 
conferred on him . 

The analytical methods for the control of food and drugs in the 
'.seventies were frequently crude and inadequate, and a reference 
to the early pages of the Analyst shows that disagreements, either 
in the analysis or the interpretation of the analysis, were frequent, 
the question of limits and standards, owing to inadequate knowledge, 
not having been settled. It was therefore a matter of justifiable 
pride that although he attacked every form of adulteration in these 
early days (he Avas the first to condemn the adulteration of American 
lard Avith cotton-seed oil) and had many references to Somerset 
House, and later, the Government laboratory, he never lost a case. 

Mr. Jones avrs one of the founders of the Society of Public Analysts, 
and contributed numerous papers to its proceedings, dealing chiefly 
AAith methods of food analysis. He A\'as tAvice a vice-president, 
and on tAvo occasions personal reasons caused him to decline nomina- 
tion for the presidency. He was also a FcUoav of the Institute of 
Chemistry, serAung for tAvo periods on the Council, 

Mr, Jones Avas a sound chemist, and an accurate analyst, well 
^CTsed m the technique of his profession, and to these qualities he 
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added a fairness and a sense of proportion in interpreting his ^vork 
that secured for him the confidence and esteem of his Authoritic' 
during his long period of service, ' 

This brief notice would be incomplete without reference to on? 
trait. He was always ready to place hi.s knowledge and l(,n„ 
experience at the disposal of a fellow Public Analyst, and maiiv 
remember with appreciation the advice and help he gave them ' 
Mr. Jones leave.s a widow, a daughter, and two sons, one of tiif- 
last-mentioned having been in partnership with Ins father for 
years. 

H, s. 


JOHX SPILLER. 

Horn June 29rH, 1833; Pied Xovember Sth, 1021. 

John Spillee, who died on Xovember Stli, 1921, was the oldn 
living Fellow of the Chemical Society, having been elected aii 
Associate in ISov and a Fellow in 18o9. He was born on Jaiif 
20th, 1S33 and wa.s thendoi'e in his eighty -eighth year. 

As Spiller was a man ^^•ho throngliont Ins life loved to mix wit!) 
his chemical brethren and as Ite was possessed of a personal cliani! 
that faithfully expressed the rare amiability of his character, and 
as he, moreover, retained, until nearly the end, something of tte 
enthusiasm for new knowledge that is more often associated with 
youth than with age, lie had a long succession of warm friends in 
succc.ssivc chemical ” generations," 

Spiller aequircLl his first taste for chemistry at the City of London 
School, from wfiieli he ])assed to the Royal College of (heniistuy. 
then under the direction of Hofmann, with whom, afliT goin;: 
through the ordinary student's course, he remained for somt 
time as an assistant teacher, being contemporary with, among 
others, Abel, Bloxam, and Crookes. After this, he worked at the 
Royal School of Mines, where in conjunction with Allan Pick and 
Riley he made a long series of analyses of British iron ores. 

In 1856 he went to Abel as assistant chemist in the Woohvirli 
Arsenal, where he worked for twelve years, during which time lii^ 
interest in photography led to hi.s delivering lectures on ih.at 
subject at the Royal Artillery Institution and the Royal Military 
Repository. He also lectured on Metallurgy at the Royal School 
of Gunnery, Shoeburyness. In 1868 he left the Arsenal to become 
chemist in the coal tar dye works of hi.s brother's firm of Brook’. 
Simpson, and Spiller, where he remained for twenty years. Panrig 
the remainder of his life his chemical interests were mainly thoic 
associated with photography. 
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To early volumes of the Journal of the Chemical Hocicly Spiller 
contributed papers on The Disguising Tnnuence of certain Bodies 

Detecting the Presence of Various Acids and Bases in Chemical 
(Vol. X), ‘'The Oxidation of India Rubber’^ (Vol. 
Will). '■ The Estimation of Phosphorus in Iron and Steel ” 
(Vol. XIX), “ The Weathering of Cofjper Ores (Vol. XX}, " X(;\v 
.Sources of Ethyl and :\Iethyl Anilines (1873), and " The Occur- 
rence of Xutive Calcium Chloride at Guy's Cliil, Warwickshire 
(1876). A paper on ‘'Platinum Silver Alloys'’ appeared in the 
p, -oca dings of the Society as late a.s 1897, and amongst the abstracts 
iti the Society'.s Journals uill be found records of communications 
t(i other journals on “The Idcntilication of Coal Tar Colours'’ 
(ISSl) and on “ The Composition of Ancient Mortar from a Roman 
Wall iti London " (1889). 

On photographic subjects Spiller was an enthusiastic worker 
and writer, oue of liis earliest papers (of which Crookes was joint 
author) appearing in (lie Philosophical Magazine of 1854 ("A 
Method for Pro.serving the Sensilivenes.s of Collodion Piates“), 
uhii.-t a ])aper on The Action of Chloride of Gold upon ccudain 
Salts of Silver " hi the Photographic Journal of iS(i9 is of hi.storical 
interest as foreshadowing l!ie self-toning silx'er printing proee.ss. 
ill the Royal Photographic Society he filled in turn every office, 
having been treasurer-seenuary, vicc-prcsidc-nt, piTsident, and 
(.ditor of its journal. 

Among Spider's other activities, he was an entliusiastic volunteer 
ill the early stages of the volunteer moveiuent and received his 
commission in tlic d(ith Kent Rifles as Icmg ago as 1859 — retiring, 
xvitli the rank of captain, in 1877. 

Spiller was twice married, first to Caroline Ada, daughter of the 
late Andrew Pritchard, F.R.S.E., and latei' to Emma, eldest 
daughter of the late Samuel Davenport, who, with their son, 
survives liim, as do also a daughter and txvo sons of his earlier 
marriage. B. I). 
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Ore Deposits and their Genesis in Relation to 
Geographical Distribution. 

A Lecture Delivered before the Chemical Society ox 
December Sth, 1921 , 

By John Walter Gregory, F.R.S. 

Among tlie common grounds of chcinislry and geology is the studv 
of the materials of which the earth is made, and especially of 
minerals of which the use depends on chemistry, and the discovprv 
on geology. It is the function of the chemist to show how the4 
materials can be best employed, and of the geulogi.st to point out 
how they can be most easily found. 

These minerals arc of two kinds — the earthy and the metallic-^ 
and in economic geology the term ‘‘ metal is ased in its lom. 
mereial or popular sense, and not in accordance Muth its chemicnl 
definition. The nomenclature of the miner and the mining geolof^ist 
docs not accept such elements as potassium, sodium, and calcium 
as metals, and therefore the crust of the earth is regarded as com- 
posed mainly of earthy minerals. J’he metallic minerals are pre- 
dominant in the interior, w here they form so large a proportion of 
the earth’s ma.ss that the f|uaniity of terrestrial metals is ample. 
The bulk of the supply lie.s, however, at so great a depth lliat it f 
of no use except as a support to the crust and as the source of 
slowly ascending streams which lla^■e fed the veins of ore.s, and 
thus provided the metals essential to human welfare. 

iMany lines of evidence, including the w'eight of the earth, the 
distribution of radioacti\’e materials, the passage of earthquake 
waves, and the analogy to meteorites, combine to show that the 
earth consists of a vast metallic core which is composed mainly of 
an alloy of iron and nickel, and which is enclosed in a comparatively 
thin shell of earthy minerals. The metallic core is the bary sphere; 
the rocky shell is the lithosphere; and the most colossal metal- 
lurgical proce-ss’that has taken j)lacc on earth was the settling down 
of the heavy metals to form the barysphere, and the floating uj)\var(l 
of the lighter materials like a slag to form the lithosphere. 

The rocky shell is now so thick that the metallic mass below is 
inaccessible and man is dependent on the minerals occurring 
within a few' thousand feet of the surface. The useful metals are 
widely spnead around the earth, but usually in quantities too 
small to be of service ; they are present in sufficient amount to 
serve as ores only in far acaitered localities. 

The .sporadic nature of the ores was the first fact that man 
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\\ed as to their distribution. “ There is a vein for the silver; ” 
!arth " hath dust of gold,” says the authorised translation of 

' liin ‘itid far apart, that the dust of gold is small and scarce, and that 
needed for bronze was yielded only by a few remote places 
n\he outer edge of the known world. Thi.s sporadic occurrence 

ores is confirmed by modern experience, for although all the 
ontiiienls have their share of economic minerals, in each continent 
the mineral deposits of economic value occur in widely scattered 
iriiiiiuf fields ; and in many of them all the ore is obtained from one 
l)odv on one vein ; whilst dozems of apparently similar veins and the 
bulk of the one producing vein may be barren of useful ore. 

The rarity of minerals which repay mining is to some extent 
■’rtilicial. as only material above some particular grade of richness 
c;in he profitably worked ; the minimum may be 60 per cent, of 
metal, as in some ores of iron ; a mine may ])ay its way with 1 per 
c-eiil. in a tin ore; or it may extract a dividend from material 
Avhich contains only one part of metal in fifty million parts, in the 
oa<e of a gold-bearing gravel which is favourably situated for cheap 
^vorkitl^^ by sluice or dredge. Tor all mineral there is a limit above 
uhieh the material is a valuable ore and below which it is worth 
loss than road metal. 

Apart from such artificial commercial restrictions, there is an 
actual rarity of ores, which forced (lu^ (sarly metal-using people of 
the Eastern Mediterranean to send to Cornwall for tin, to Spain and 
Araenia for copper, and to South Africa for gold. This far-fiung 
distribution of ore deposits indicated their formation by some 
exceptional process and led early to speculations as to their genesis. 
The scientific study of ores began in Saxony on the famous mining 
held of the Erzgebirge. The Saxon mining pioneers realised three 
important facts regarding ore deposits : (1) their occurrence in 
veins ramifying through the ordinary rocks of the crust like rmins 
ill the body of an animal ; (2) the freciucnt upward branching of the 
veins; and (fi) the composition of the veins of crystalline minerals 
ivhich indicated their formation at a high temperature. 

The Saxon miners, in interpretation of their observations, 
founded the two rival schools of mining geology, the ascensionist.s 
and the lateral sccrclionists, whilst authorities on both sides held 
that ores were formed as metasomatic or replacement deposits. 
The Saxon miners anticipated the chief modern theories, although 
the points in common are concealed by difi’crcnces in terminology. 
Bauer, writing in 1546, at a time when he had to defend his rejection 
of the astrologers’ belief that the metals were due to changes wrought 
hy the influenee of the planets, attributed ores to ascending hot 
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Avatcrs, which deposited them in consequence of the 
of the heat/’ Lehmann (1753) explained more fully that the rjf' 
are formed in the bowels of the earth, and that a lapidific juice riJ-; 
like sap in vegetation in a great trunk stream, which on its asce-.- 
subdivides along branching rents like the bifurcations of a tree. 

A great advance on this crude hypothesis was duo to Lf\siu< 
17S7. He anticipated the modern view that, instead of tlih 
trunk strcain, ores are collected by widely diffused ascendincr 
which leaches scattered grains of metal from the rocks traversal 
and redeposits them in lodes at higher levels. 

The fact that many lodes consist of successix e layers of crystaliir,.. 
minerals Jialurally led to the ^‘iew that they were deposited i|. 
fissures by hot water; but it was soon recognised that some Vfijs 
were, widet' than any spaces that could ixauain open at their dtptli. 
Henkel, ‘’the father of Hi tiera logical Chemistry” 
explained such veins as due to the replacement, or, as he called it, 
the transmutation of the original roek. Von Trcbra (1785) v, 
farther and licld that tlic veins were the ordinary country nick 
replaced liy saline solutions, and Im figured examples showiiu 
ramified, indefinitely hounded veinstones ^\’ith features now acccjitcl 
as characteristic of nictasomatic or replacement locle<^. 'Wenyr 
(1701)— the greatest of the Saxon school — re|.mdiated the trans- 
mutation theories on the ground that the intransmutahijity d 
the simple and elementary })arts of bodies is one of the fmulajucmai 
and immovable pillars of chemistry and, as he pointed out tlm 
some lodes thin out and become poorer as they are followed down- 
ward, he concluded that they must be filled from above and obtain 
their ores from material dissoh'ed from the upjX'r rocks by pcrcoht- 
ing water. Lhilike his predecessors, Werner, to use the modern 
terminology, was a lateral secrctionist, and not an aseensionist. 

Revolt against those premature speculations led to the cstaulisL 
ment of classifications based only on easily observed facts as to tlic 
shape of the deposits. Although this mor])hological system v.a: 
founded in Germany, it was so generally adopted in thi.s eoiintiy 
that it ha.s been often desci'ibed as the Briti.sh e[a.ssitication. 
system has its advantages; it is simple, certain, ami easily apphol: 
whereas the genetic classification requires the elaborate study of 
eacli ore deposit before it can lie assigned to its class. The morpliO' 
logical cdassitication suffers, however, from the fundamental delet! 
that, being merely descriptive, it is not suggestive; it siunmaru^ 
the known facts as to the form of a mineral dcpo.'it, but it gives iw 
guidance as to the probable range and variations of that depo^i- 
in depth. The objection to 5Verner’s .system, that it wa.s genotk’ 
and too theoi-etical, was to the feature which is now recognistd 
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'lain merit. A classification, to be useful to the iiiiner, must 
he a future development. Hence modern classification.s 

of rniitral deposits arc genetic. 

pverv miuei'al deposit must have been formed l>y one of four 
, ‘ (1) moltiui matter as an 

•^!m‘t)Us roch ; (^) it may Jiave hoen dejiosited nieelmnically by 
iircahinit ^ pre-existing roek: or it may havt* hvvn 

.',v(ipitated"(3) chemically, or (4) organically from a solution derived 
fi'''m some older rock. Corresiionding vilh tii(\se four procc.-<scs, 
p'o (‘onotic classification of minerais lias foui' curTesjK.iiuling e'lassi's 
_”lhe iiinoous. sedimentary, chemical, and organic. 

Facli of the.se four classes has contributed to the world's mineral 
(lojiodt.s ; hut the extent of their contributions and t he determination 
to which ('lass certain ore deposits belong still pro\-okc contiaAAU'sy, 
111(1 arc among the most active stimulants to research on ore forma- 
tinn. The uncertainty is not only regarding small d('])o.-its aliout 
vdiich evideuee is meagi'c ; controviw'sy 1ms been especially vigorous 
over the greatest ore body now being mined, the iron lode of Kiruna- 
v:iiira. and the richest of all ere deposits — the Hand Hanket. 

The Ifjnrous Ons. 

Ill recent years, increased importance Ims been attaclied to tlie 
hii'mation of ores by igneous agencies, and many gieat commercial 
(.ro bodi(‘s have been attributed to direct consolidation of molten 
magma like an igneous rock. The claim has been extended from 
metalliferous materials which liave the charaeleri.'lie structure of 
igneous rocks to solid masses of sulphide ores, sueli as the pyritic 
hodies of Rio Tinto, to sulphide impregnations and veins, such as 
theiiickel ores of Sudbury, to the magnetite ores of Xorth Swt'den. and 
to some gold-quartz veins. This tendency to attach great iin])ort- 
ance to tlic formation of ores by igneous aeti(.ui is due mainly to 
the memorable series of papers by Prof, J. II. L. Vogt of Cliristjania. 
lador liis inliuenct! tfie igneous ores are elahm'd to be of great 
variety and importance, as may be seen liv reference to (lie text- 
hook by Beyschlag, Vogt, and Kruseii, for an excellent translation 
of two volumes of which we arc indebted to Prof. Truseott. Vogt 
ilStlG) cdassified the igneous or erujitivo ores into group.^ — ‘‘ (1) 
<leposits formed by ‘ magmatic differentiation that is, by the 
concentration of some met all ie parts witliin tlie still tluid eruptive 
mass {magma) — and (2) deposits foriiu'd lyv jiroeesses subsequent 
to the eruption, such as sublimation (or in general pneumatolysis) 
not cuLsive; fumaroles, snlfataras, mofette, siiflioni, geysers, 
and hydrothermal phenomena, ’ Vogt regards many sulphides 

well as oxides (Ts due to formation within fluid magmas: he is 
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explicit that some sulphide masses should be included in the 
group of his eruptive ores, for he said of the pyrrhotile gahbros 
“ the sulphides were formed during the cooling and eryst,dlisiati(,j 
of the gabbro-magma, and that they were not formed by thoJ 
pneumatolytie processes . . . but by the segregation of the oiv.< i- 
the molten rock itself. Pyrrhotite and pyrite are simply ortlinj^fv 
constituent minerals of the gabbro.'’ 

It is the members of the first of Vogt's groups which are th 
igneous ores; he regarded them as segregations of the 
constituents in masses of molten rock ; some of these ^'iegregatirm; 
he attributed to gravity causing the fall of the heavier niateriah to 
the lower side of a reservoir or sheet of molten rock magma. Ash 
said, differentiation helped by gravity splits magma to submagmaiii 

Vogt’s other group, including ores formed by eruptive aftw. 
actions, such as pneumatolysis, hot springs, and solfat:ira>. \< 
due to the action of superheated water, or perhaps gases, on th 
rooks they traverse ; and this second division of eruptive ores 
hydrothermal in actual origin . Tlic differences between the luincra!* 
formed as original constituents of a solidifying molloTi rock and 
those formed by the action of hot waters and ^'apours on an alrcadv 
solid rock are fundanientak Lindgren (1003), when throwing (loiilit 
on siliceous magmatic segregations, referred to them as possibly due 
to eruptive after-effects . , . not to direct magmatic segregatiQ]].'' 
and he said that the distinction bet ween tliesc two things siiould 
be emphasised. The latter takes place in a mass of firscd niatmi] 
with or without the presence of a subordinate amount uf water: 
the former in\T)lves entirely predominating aqneou.s solution? or 
gases.’’ Vogt's clear separation of tlic erujgive ores from those due 
to eruptive after-actions has not always been niaintamod : and some 
later authors, whilst nominally accepting tlie igneous origin of tie 
Sudbury ores, by iJicir statements clearly sliow that they repml 
them as due to eruptive after-actions. ‘‘The term 'magmatic 
ore’ is generally applied,” say Profs. Tolman and Rogers (lOld. 
p. 5), “ to those phases of igneous rocks in which there has been 
an unusual accumulation, supposedly during tlie molten stage, of 
the accessory ore minerals.” Tliey say that "ores accompamod 
by destructive pneumatolytie action or those formed by liydai- 
thermal solution.s are nrjt to bo classed as magmatic uepo^ib; 
although they may be closely related to, and follow the magmatk 
period.” Xevcrtholoss, they c.xtcnd the use of the term magmatic 
beyond Vogtbs first group, as they apply it to any ores segregate 
“ under the influence of, or closely connected with, the molfcii stage 
of the parent rock.” 

This extension leaves the definition indefinite, and it is not f 
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,..>n-e in ^vhich ores were regarded as igneous or eruptive hy Vogt 
^nd Coleman. Instead of the clear conception of Vogt of the ore 
horn formed by direct magmatic consolidation, it depends on a 
Viume, unspecified influence. If the term eruptive or igneous is 
to^je applied to ores formed by pnoumalolysis and by hot waters 
fonneoted with or influenced by molten igneous rock, then nearly 
■ill ordinary lodes are eruptive ; and Belt was right when he claimed 
the gold-quartz lodes of Australia as igneous injections. 

Three terms have been largely used as tlic name of the class of 
(,re.s formed by direct consolidation from a molten .state, namely, 
■■ itnieoiis,'' " eruptive,” and “ magmatic.” The term eruptive ” 
^vas used by Vogt, but he later agreed with the objection raised in 
Pev.scldag, A'ogt, and Krusch, that it would include all pnouma- 
tolvtic product. s. Vogt therefore subsequently adopted the term 
inagTuatic,” but if it be used to cover ores due to magmatic watei’s, 
it would include all tho.se formed by juvenile waters, which are 
magmatic. If the class of iiiagniatic ores includes all varieties from 
ba.sic clots to veins formed by ascending juvenile water, it would 
he useless. Henoc the older term igneous ” .seems to me the best 
available, using it in its old sense for rocks consolidated from a 
molten magma and cNcluding the deposits of thermal waters, 
whether in fissure.s or springs. The old conception of igneous,” 
although out of date as regards its phy.^^ical chemistry, cxprc.sscs 
tlm fact that the fundamental division of l:)olh roek.s and minerals 
i.<iiito the igneous and arjueous. It may be said that this distinction 
is only verbal, all magmas being solutions, and there being no 
es':ential difference between the dc'position of a material from a 
.solution cooling in a fissure and from a moKim magma solidifying in 
a deep-seated reservoir. Lhitii, liowever, the same term i.s adopted 
ill practice for the liquefaction of iron in a furnace and in, a bath of 
acid, geologists may be excused for retaining tlie terms aqueous or 
igneous. It is convenient to regard material vdiieli is fluid mainly 
through heat as molten, and material fluid mainlv through reactions 
between its constituents as a solution. There is at least an essential 
difference helween minerals that have solidified as primary con- 
stituents of a molten magma and those dejiosited from fluids 
circulating through fissuri^s in a solid rode. Both materials may be 
magmatic ; but the former set is due to magmatic segregation, which 
ail igneous process ; the latter is produced by magmatic solution 
iind is aqueous. 

Adopting, then, as igneous those ores that comply with the 
Hliihtiun of ^ogt^s first group of eruptive ores, there can be no 
oubt that such ore.s occur. TTie quantity of them that is at 
picsent mined is, llowe^•er, very small. Some magmatic segi’cga- 
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tions of iron oxides, as at Tdberg, have been used in the paj|. 
others, like those of Routivaara and other masses of iron-rich 
rocks in northern Sweden, arc vast reserves of iron that douhtk-s; 
will ho used some day ; but these igneous materials are titaiiiferoy. 
magnet ites, and as titanium is deleterious to iron and can oiilyijp 
eliminated during smelling by an extravagant expenditure of fuc] 
these iron- bearing rooks are of no present market value as iron orcj,, 
Tl)ey are, however, magmatic segregations, and are as truly ignpo-;; 
as graiiiti' or basalt. Tab erg, south of Lake Wenor in South Swcdcis, 
has a core of rock so rich in tit a nif crons magnetite that it contaiti^ 
a higher percentHgc of iron than some uselui iron ores. Thisrnd 
consists of basic felspar, olivim^ ajid titaniferous magnetite, intd'. 
grown in relations explicable oil}^ by their direct consolidation frori 
a molten mass. Tt is an igneous rock of the species known a. 
ciimhorlandite, and it was long worked as an iron ore. It t 
chemically well known as the source of the discovery of vanadii!!];. 
by Sef Strom . A view of Taberg was published in the Phihso[ilm\ 
Transaclms of 17, “)5 as a mountain of iron. But despite its quality 
and its convenient position beside one of the main railways d 
Sweden, so that it could he clieai)ly mined, this cumbcrlanditc k; 
no present commercial value as ati ore. 

The claim that the igneous ores are of great commercial va-li 
as petrologic interest depends mainly on the nickel sulphides 
Sudbury and on the magnetite iron ores of Lapland. 

The yiebi Ores of Sudburif. 

Sudbury supplies a test case of the formation of igneous oroso!; 
an extensive scale.* 

The general structure of the field, according to Prof. Coleman, h 
a great basin composed of a foundation of gneiss and granite, ^;itL 
a cap of sedimentary rocks, which would belong to about the 
age as our Torridon sandstones, the ancient pre-Cambrian sand- 
stones of the north-west of Scotland. Between the gra n it e -gneiss ain 
the sediments lies an igneous rock, which Prof. Coleman inteijtuu 
as an intrusion wherein the hea\'ier constituents sank to the lown 
part and there solidified as a norite, whilst the lighter constitutnt- 

* ilr. W. II. Goodcliild has applied tlie segregation tlieory in a 
ignoo -aqueous form to sumo analogous deposits in South Aiiiia ^ 
of papers, " Tiie Evolution of Ore Deposits from Igneous 
Mining Maga:inc, 191 8, 18 and 19. A clear restatement of the 
from the petrologic point of view is given by Dr. K, H. Rastalh 
19 l* 0, 290. The cliemical prineiples Jiavo heeu restated by I w • 
in ’’Dio Siilfid ; Silikat SehmcDldsungen,” Ft, I, 
literature on the subject is now so voluminous that any udequa o ^ 
to it would be too leiigtliy for inclusion eitlier in a footnote or an apP 
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collected in the upper part and formed a more acid rock, a micro- 
pesiniatitc. According to the igneous theory, the Sudbury nickel 
was formed by the similar gravitational segregation of the 

jnetallic constituents. 

The view that the Sudbury nickel ores were formed \vhen tlie 
norite in uhich they occur was still molten was adumbrated by 
1). C. Davies in 1888 ; it has been advocated cspcciaily by liariow 
of the Canadian Geological Survey, by Prof. Coleman of Toronto, 
aiul by Prof. Adams of Montreal The opposite view, that the 
ores were deposited by solutions in the norite after it had become 
Holkl lias been urged repeatedly, as by R. Bell of the Canadian 
Geological Survey, by Argalis, Emmons, and Dickson in tlic Ihhted 
.States, by Posepny and Beck in Conteai Juirope, by myself in 
plOT and 1908, and later in Canada by Knight and IMiller; but, as 
Kniitlit reinai'kcd, the advocates of the aqueous theory have been 
•like .still sm.all voices crying in the wilderness,' " and the igneous 
tlieory is .still taught in most of the text -books and is doubtle.ss 
still the orthodox view. 

The claim for the igneous formation of the nickel ore.s rests on 
llie following hypothe.scs : (1) tliat the nickcl-erLij)tive rock is a vast 
>ill-like laccolitc thirty-seven miles long ; (2) tliat in this laccolite tho 
lieavicr constituents sank and formed the norite, whilst the lighter 
wndituents collected in the upper part and formed the micro- 
pegmatite; (3) that this process of liquation by gravitation further 
led to the coiiccntration of nickel sulphides at the base of the 
aorite sheet, as masses of nickel ores: (T) that the nickel siilpliide 
i.- a plenary constituent of the norite; and (o) that tlic olhei* 
minerals, especially the liypersl liene, liave been so little altered 
that tlierocic cannot have been mucli changed since its consoiielation. 

flic statements of the case by Barlo\A’ and Coleman were very 
impressive, and my first doubts as to this explanation were siurcie.stcd 
i>y some miery.scopic sections of the Sudbury ore wliieh I had 
prepared to illustrate igneous ores in a teaching eolleetion. These 
a'ctioiis, to my surprise, were ineonsi.stcnt with tlie igneous theory, 
hat at Jirst I attached littie weight to tlieju, as they had lieeii ciit 
horn purchased material and miglit not be repre^Vntative. The 
<iahurate microscopic stmly of the Sudbury ores hy C. 'W. Dickson 
could not be so easily dismissed, since his specimens are 
undoubted authentic, and representative of the commereia] ore. 

evidence proved that the sulphides in the ore were formed after 
am not before the silicate.s ; that the sulphides were not deposited 
.segregation in the molten magma, but in veins and tissurcs 
0‘inw ill the norite alter it liad become .solid. The ore was there- 
ere oioied, not only after the consolidation of the norite, but even 
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after that rock had been shattered and fractured, Dickson' 
evidence has been strongly supported by the later studios of 
the Sudbury ore by Campbell and Knight, and also by Profs 
Tolman and Rogers, who arc most emphatic that tlie sulph^,,^ 
solidified after the silicates and by the replacement of tho solid 
silicates. 

The microscopic evidence seems absolutely fatal to the view that 
the sulphides arc primary constituents of the norite. The distribution 
of the ores in the field, wdicn examined closely, is also inconsistent 
with the igneous thcor}^ 

The view that the norite had been formed after the undcrlvin-j 
granite, so that the sulphides at the Creigliton i\Iine, for cxaiupk 
sank through the norite and accumulated in its basal layer above 
the already cool and solid granite, has been denied by C. W. Kiiif% 
He claims that this granite is younger than the norite, This view 
is supported hy Tolman and Rogers's study of the micropcgmatitic 
acid material within the ore and by the field evidence as to tlie- 
relations of the granite to the norite. It was claimed bv )lr, 
Barlow and Prof, Coleman lliat tho ores occur along the basal 
of the sheet of norite, or in offshoots from it. At tJic Victoria 
Mine, on the contrary, the ore does not occur in the norite, bui 
is completely enclo,sed b}' greenstone,'^, which arc altered bask 
igneous rocks much older than the norite. Thanks to Mr. Corless, 
1 had the opportunity for a careful inspection of some exposures in 
this mine in 1908; and its (evidence appeared to me absolutely 
inconsistent with the origin of tire ore as a segregation within the 
norite, for the ore occurs in the greenstones. 

Mr. C. W. Knight, after his detailed survey of the field for the 
Canadian Nickel Commis.sion, reports that the ore is not confined to 
the norite and that the ]narginal ore bodies are for the most pari 
outside the norite and indeed ‘‘rarely ... in the norite,' and 
there is ordy a eomj)aratively small quantity of commercial oTf 
met with in this rock ' ' [norite], Tho Levack ore body, for example 
is wholly in the granite-gneiss and is situated one hundred and 


seventy- five feet from the norite. 

To emphasise this conclusion, Knight remai’ks, it is repeated 
that the commercial ore bodies arc found almost wholly in tbe 
rocks adjacent to the norite— not in the norite,’' The offset ore 
bodies, such as the ore-pipe at Cop})er Cliff and such mines as the 
Worthington, are explained by Knight as mineralised dykes, foniied 
along earth -movements that shattered the rocks and admitted 
solutions w'hich, circulating in the interspaces, cemented the hag- 
ments into a breccia by a sulphide cement. The one cunchr''it'i^ 
' W’hich he declares (1917, p. 113) is a “ certainty is that t e 
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clilphides i^'cre introduced after the norite-micropegmatite had 
'olidiiled. This is proved beyond doubt. 

^ In recent years, the trend of opinion appears to have set against 
the view that the Sudbury ores arc primary segregations, and 
t,iwards the explanation tliat they are due to processes acting after 
the .<(ilidificatiori of the eruptive rocks, .Barlow admitted, in the 
ivnritit of his memoir (1907, p. 123), that he had laid too much 
eiiipliasis on magmatic differentiation, as other agencies in addition 
•■jiave contributed rather largely,"' including the action of heated 
solutions in di.s,solving out, and . . . rede])ositing these sulphides.” 
Hence Barlow practically abandoned tlie theory that the ores were 
due to igneous consolidation, and attributed them to the deposition 
„f matter carried to their prc,scnt ]iosition in solution. Some later 
authors attribute the ore to the after-actions of the norite intrusion, 
<ir to segregation in some deep -.seated reservoir, hut not in tlie 
jiorile-micropcgmatite laccolite. On this view the differentiation 
h(:'tween ore and norite took place before tlie norite reached its 
|ircscnt position ; if so ajid if the sulphides were formed after the 
silicates and were introduced in solution, the ore was not formed by 
('(Uholklatioii from a molten state, and was not igneous in formation. 
It iiiav he due to magmatic waters, but not to magmatic segregation. 
It is aqueous — not igncou.s. 

The Iron Ores of Lapland. 

The iron ores of Swedish Lapland afford the other leading case of 
an important ore now generally regarded as an igneous rock. They 
arc of three chief t}’pes — the vast magnetite sheet at Kirunavaara 
with less than 1 per cent, of titanium, the magnetite masses in the 
j,meU.s of Gellivaara, and the titaiiiferous magnetites (titano- 
spinellite) in the gabbros at Routivaara. 

The ore bodies of the third type, des[)ite their vast bulk, are of 
no present economic \'alue owing to their low grade and high 
percentage of titanium. The Kirunavaara and Gellivaara ores, on 
the other liano, supply important mines and are both elaiined as due 
to iiiagmalie segregation. The Iviriuia ore body has attracted most 
zoological attention, probably because the associated rocks are 
ie^s altered than those of Gellivaara. It i.s natural therefore to 
turn to Kirmia for the simplest interpretation of tliese ore.s. 

The Gellivaara problem, however, seems to me tlie simpler. The 
ores there arc masses of magnetite in a biotite-gneiss; at the time 
0 my ysit the foot wall of the ore body was exjiosed at three of the 
'uincs. in a large, even fault plane, ijy which the ore is sharply 
jounded; the upper margin of the ore, on the contrary, is very 
Jiregular, and there is no sharp separation below the ore and dcconi- 
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posed iron-stained gneiss; here and there within the ore 
occur blocks of gneiss which also pass gradually into ore, and 
their foliation is parallel to that in the adjacent gneiss the? are’^ 
their original position. The ore has grown around them. 
Gcllivaara ore bodies show the features which have led to the con 
elusion that the iron ores of the north --west of England have bcci’ 
formed by replacement. The ores of Oellivaara appear due to 
descending solutions which have dissolved iron from tlie fcrruiyinQ^,^ 
minerals in formerly overlying country rock and have deported 
it where the descent of the solutions was stopped bv some im 
permeable surface. 

The Kiruiiavaara or(! body has a very di derent story. The ore 
is enclosed witliin unfoliated igneous rooks; Lbfstrand in igip 
therefore suggested tliat it had been formed by segregation Avitlii>i 
a molten magtna like the iron ore at Tatierg. The underlying roch< 
are syenites passing up to a syonil(’-por 2 )liyry containing nodular 
spheruhtic, and flow structures which arc generally regarded a. 
evidence of volcanic origin, Above the iron ore occurs a series of 
(juartz-porphyrics, in which the evidence of volcanic action y< 
still more cons])icuous, and iiiclud(^s abundant splicrulitie baiulv 
altered glass, and interhedded tufls. Above the fpiartz-poriihYries 
lie sedimentary roek.^^, including juore volcanic tutis. Tiierc is 
strong evidence tliat the ores ^\■e^e forniecl after the eniplion of the 
syeiute-porj)h\ ry and at least in part licforc that of tlie quartz- 
porphyry, for a 'Hind ant, pelibk's of different varieties of tlie on* 
occur in the overlying qiiartz-porpliyry. These pebbles have liccii 
regarded by iiKwt geologists who liave examined them in the iield 
as fragments of the Kiruna ore, and as iiroof that the ore was formed 
before the quartz-poj'phyry. 

Snell are the {iriniaiy facts by which the theories of tlie fonimlioii 
of tliis va.'t deposit of iron ore must be tested. There have been 
two main hues of explanation— the ignnais and the hydrothermal, 
The igneous has been advanced in four diflereiit forms, fl) 
The first was the direed origin of the iron oxide.s during the eon- 
soiidation of a molten mas.s; but that view became untenable viir-ii 
it was found that the rork.s on the tu’o sides of the ore were formed 
at dilTerent dalc.s. (2) Prof. R. A. Daly (191-3) has reintrodiKnl 
the direct magmatic origin of the ore, which he explains as formed 
by Die segregation of the iron oxides of the epiartz-porpliyry by 
subsidence umhm the influence of gra\ity. The quartz-porphyry, 
however, contains only 4-S ])eL' cent, of iron oxide, so that it is not a 
likely rock to ]iroduce so colossal an ore body by liquation. More- 
over, it was discliargcd in successive flows, so that liquation could 
only collect ore at the base of each sheet. Again, as the quartz- 
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porph^Ty contains titanic oxide, any iron ores thus formed should 
have been tifaniferous magnetites, and not an ore low in titanium. 
The earthy mineral found at Taberg is a felspar, and a felspar would 
be tlie natural silicate to occur with the Kiruna ore if that material 
were due to consolidation from the magma of eitlier the syenite- 
or quartz -porphyry ; but the earthy mineral is apatite, and the 
massive varieties exhibit structures (for example, Gcijer, 1910, 
p. 110; compare, ho\\cvcr, p. 2.18, rejecting this explanation) 
which favour its formation by replacement of a lava. Phos- 
ptiate of lime often retains the structure of the materials tliat 
it replaces with such perfection as to leave no doubt of their 
original nature. Some of the Kiruna apatite was formed by the 
replacement of an igneous rock with a well -developed fluxion 
structure, and was not an original constituent of the porphpy. 
(3) The third variety of the magmatic hypothesis is that of 
btutzer, who maintains that both the underlying and overlying 
porphyries are intrusive rocks and not lava flows, and that the 
oro ivas injected as a magmatic dyke— an igneous rook of ultra- 
uitrabasic type. (4) Per Geijer {1010), in his valuable account of 
the geology of the field, also holds that the ore was introduced in 
a molten condition ; he explained it as a lava flow discharged in the 
interval beitveen the two scries of porphyries. Lava with 60 per 
cent, of iron oxide is not a very plau.sihle material. So in a later 
jwper (1918), Geijer withdrew this suggestion and accepted Stutzer’s 
theory that the lode was intruded as a sill. His former view 
seems, liowcver, more consistent witli the iield relations of the ore, 
and little less difficult of belief as a matter of physical chemistry. 

The alternative to tlie igneous theory represents this ore *as 
foniiod on tlie surface of the sycniteqnnplivrv l)v (](,])osition t])ere 
el iron oxides leached out, of the underly Ing rocks, ddie iron ]ni 2 ht 
have been dissolved either by meteori(« waters and rlejiosited as a 
i)og-iron ore or laterite, or, as mged by Bilekstrom, by hot watens 
rising from tlie cooling lava. Biick^trom s view adopts water at 
a high temperature, and has generally lieeii known as tlio pneuma- 
tolytic theory; but as the action was near tlie surface and probably 

a moderate temperature, and a.s tourmaline has been found only 
once in the ore, the proee.ss (despite th('a1>uudanre of apatite) would 
Jippear more suitably desciibcd as hyrlrothermal. 

Oe Launay has supported Backstroiifs hypotliesis. with tlie 
modification that tlio procos,? ivas hydiMt'ncrmal railicr tlian 
imonmatolytic, (Herdsman's theory bclor.gs to the same proiip.) 

tins origin of the ore sociiis to mo indicated liy tlie followine facts : 

U Uie ore lies along an horizhn scjiarr ting rochs of I n o rfifforent 
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(2) Between the ore and the normal syenite-porphyry occur;’ 
band of altered iron- stained porphjTy, into which the ore 

a gradual passage. 

(3) The upper or hanging wall of the ore is sharper than the 
footwall, and in places along the latter altered syenite debris occuk 
mixed with ore, 

(4) The ore is not titaniferous magnetite; the Iviriina ore onri 
tains about 0'3] per cent, of 'hiOo, wliereas lliat oxide is abundant 
in the s^’enite. If the iron ore had been foimed as a molten scure'^a 
tion in the syenite -porphyry, it should have had a niueh liiy}^^,;, 
pereentage of titanium ; ^\’licreas if concentrated by solutioii an 
iron oxide low in titanium would liave been the natural result. 

(5) The ore includes some “ stratified ” ore \\'hieh retains fluxi&n 
structure, alt bougie the material has been altered to apatite— a. 
part of a replacement process, 

((i) The ore is shown to have been formed earlier than the quartz. 
2)orpbyry by tiie oi'c fragment. s in that rnek. 

It seems to me, therefore, that of the iron bodies of Lapland 
although Koiiti\hmra is a mass of igneous rock rich in iron, it is not 
yet an iron ore; that tlie ore bodies of the Gcllivaara type arc 
metasomatic formations duo to descending meteoric waters like 
many of the ore bodies of the Lake Su])erior region ; whilst the 
ore l)ody of Kirumn aara was formed by the redepo-sition of iron 
oxides di.ssolved out of the underlying syenitc-porjrhyrv, and was 
to some extent enlarged when hot solutions bearing plinsplioric 
acid re])iaced j>art of the knui l)y banded apatite, formed in it .some 
erystalline apatite, and dei)osited apatite veins in the ovirlvini^ 
quart z-])orphyry. 


Pijriac Massf-s. 

Tlie igneous origin of sulphide ores has been advocated by Vogt 
(1899) for the great pyritic masses, of which the classical examples 
occur in .southern Spain at Bio Tinto and Tharsi.<, on the ground 
that their solidity and homogeneity i)resented difiieulties to tlieir 
formation as ordinary lodes. 1ji extreme ojrposition to this view 
was that of K. J.). Petems and other.s, who claimed tlrese pymic 
bodies as lake (lepo.sits. Tire similar ])yritic mass at alt. Lyell. 
Tasmania, has been formed as a rei)Iacement mass by solutions 
permeating a l)lock of strata which had been completely shattered 
between intensecting Lulls; in advancing that explanation for the 
ores of Mt. lAell, I remarked (iOOo) that it a])]X‘arcd also ai)piioabie 
to the Spanish examples, as judged from tlu' inonograph by Gomulo 
of Turin (1888), and that e\j)lanation has been adopted by Finlaysoii 
(1910) in hi-s valuable account of the S])anish pyritic mines. 
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The Aqueous Ores, 

The great bulk of ores has been deposited from solutions ; and 
oAvuig to the infinite variety of conditiun.s which control the 
circulation and decomposition of solutions, lodes arc oxtremelv 
varied in type, and the classifications of lodes have become very 
complex. The complexity has become so great that the classifica- 
tions break down in a bewildering number of sulidivisions wljich 
overlap with others that are assigned to distant sections of the 
.same scheme. 

At present there is a widespread tendency, a.s illustrated by 
Lindgreids Mineral Deposits, to divide the Jhief ores into groups 
based on depth of origin, adopting three classes— deep, intermediate, 
and shallow. This plan appears sound as concerns tlie superficial 
ores; but the subdivision of the intermediate and deep'Seated ores 
is less well marked, and tins part of the classification may prove only 
of tcm})orary .servicMv 

The authors of the earlier systems ngr(«o(l in their de.sire for one 
universal explanation of all ore deposits; that wa.s the Holy Grail 
for whieli all the metallog(mi.st.s wore in que.st. Most of the first 
students of ore formations were ascensionists, and although ^Verner 
su])ported the opposite view by weighty arguments, such metals a.s 
gold, silver, load, and copper appearccl .so much more likely to be 
derived from tlic deeper than frojii the upj)er ]jarts of the crust that 
the aseeusionl.st theory long remained predominant. 

The lateral secretion view was readvaneed in 1854 by Bischof, who 
exjdained the supposed absemee of the metals from the surface 
rocks by the hypothesis that tlicy occur in (juanlities adequate to 
supply the lodes by slow concentration, but too small to be detected 
hy ordinary chemical anaiy.sis. Bisebof 's pupils sought to e.Mablish 
ids theory by the discovery of the ore metals in the sedimentaiy 
rocks; but their results were inadequate as a genend support to 
the theory until F. Sandberger undertook a detailed studv of the 
rocks, ores, and xxfinstones of the Black Fon-st (Sehwarzwald) in 
order to demonstrate the derivation of the lodes from the rocks 
they traverse. He soon established the clo.^e connexion of the 
veinstones and the country roelos, but at first he failed to find in 
these rocks any of the lode imdals. The pos.dbility occurred to 
him that the lode metals might lie restricted to the rarer mineral 
species present in the rocks ; so he collected from various rocks 
quantities of their less abundant constituent.s and analysed them. 

c then founel that the mica.s and the fei'nnnagtu^sian minerals 
contain small but persistent quantities of .‘^nch raetal.s as copper 
lead, zinc, cobalt, nickel, antimony, etc. 
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Sandbcrgcr applied his method to the older rocks of many 
tricts and generally found in them small quantities of tlie 
metals. After this discovery the lateral secretion theory 
into popularity, which was extended when S. F. Emmons 
his moderate but influential support, and Sonstedt's claim to tb 
detection of gold in the water of the Irish Sea made lateral 
secretion a possible explanation of gold ores. Sandberger's dis, 
coverics, it was claimed, rendered unnecessary' any appeal to u;. 
accessible depths for the metallic constituents of lodes. Tb 
substitution of a visible and accessible source of a material for oik. 
which luiLst remain liypolludical and inaccessible is genoraliv 
welcomed ; and Sandbcrgcr is discovery liaving removed the chiof 
argument against lateral secretion, that doctrine was accepted ^ith 
entliusia.sm. 


The widespread adoption of the lateral secretion theory \va> 
doubtless encouraged by the long-prevalent belief that all th(^ 
water on the eartli's surface is of meteoric origin. The possihllitv 
that any water is derived primarily from below (that is, is plutoiiic. 
or magmatic, or juvenile) was emphatically rejected. If no wator 
comes from below, and lodes are aqueous in origin, then all the metals 
in lodes ]uu.st have been collecded b\' ^\aleI' from the uj)per kyers 
of tlie earth's crust. 

For .sotne reason the ].)ossibility of niaginatic water was regarded 
as the inost re])rehonsii>Ie of geological liere.sies. 4'he exktence (f 
such water was denied by' eliemist.s and engineers; it was not until 
the hot waters that broke into the .Simplon Tniintd jmoved to In' 
free from chlorine that the existence of juvenile waters was generally 
acknowledged. The a.sceiit of this water is wjdes])read ami eonlimi- 
ous, and the quantity added to the surface waters in long perind.'; 
of time must bc‘ enormous. The increase in the xolume of tlie 
oceans since early geological ages may !)(' explained by the constant 
upwelliiig of magmatic water. 

The acccptaitce of these widesj)read ascend ing waters has sapped 
the predisposition toward the lateral scenv-tion theory ; and geologists 
generally accept Stelzncr's claim to have .sliown that the inetais 
found by Sandberger in the accessory niinm-als were not original 
coiistituent.s, but were ititroduced in solution. They are. in fact, 
secondary, like the lode metals, atid rtol ]U'imary, like the iron, 
magnesium, and aluminium of the ferromagnesian silicates. 

The recognition of magmatic waters explain.s the general associa- 
tion of ores xvith igneous rocks. Where crustal movements have 
enabled the igneous rocks to reach the surface, the accompanying 
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magmatic waters have nsen above them or through the fractures 
beside them. The function of the igneous rocks has been neither 
to act as the source of the metals, nor as the thermosphere 
to msc Le Conte’s phrase— to supply the heat; but they act as a 
punch which, being forced upward, fractures the crust and thus 
,.n;ihlc5 the superheated metal-bearing waters to rise from the deeper 
layers of the lithosphere, These solution, s arc of various types and 
finalities. Hot waters charged witli boric and fluoric acids act as 
jmeiiniatolytic agents and deposit ores of tin and tungsten, produce 
gems by the solution and roprecipilation of alumina, and alter 
granite into stocks of china clay. Superheated water is the ordinary 
hydrothennai agent; where it lises from an intrusive igjieous 
mok and permeates the adjaeent zone, it produces contact ores ; 
wlicre it rises througli fissures or along permeable lines through the 
mrst, it deposits its earthy and metallic constituents inlfornis 
dependent on the spaces into vhich it enters and on the precipitating 
agencies it encounters. 

There is no need hero to consider the various clas.sifications of the 
aqueous ores, with their multitude of ,subdivisioii.s, hut I desire to 
emphasise two principles involved: (1) the essential nnitv of the 
whole scries of itrocesses; (2) the importanee of the distinction 
hotweon the primary ores formed by ascending tvafers and the 
scooiidary ores due to the action of meteoric water deseendijnr or 
carculating laterally through the upper rocks of the crust. 

Oeologists iuavc found it convenient to subdivide inanv jihenornen.a 
mfo the epigenc and the hypogene; and the same treatment is 
mstruct.ve in the .study of ores. The hypogene ores ineh.de tiie 
priinary ores and tliosc orc-producing materials which liave been 
called protore. All rocks are potential sujjplies of mineral matter ■ 
and therefore, according to the standard definition of the term, are 
protores. The iron of a basalt may be concentrated by weathering 
and f Ims form a sheet of ironstone ; so basalt i.s a protore of iron. 
Ail ,iluramoii.s rock may be decomposed to bauxite and sc, is a 
iimtore „f aluminium. A solution ri.siiig up a fissure may have 
i sa c.epr>ited in local coiicentratiouh- by^ meeting with .<ome 
PTOipitant, or by being retarded in it.s a.^cent; in such places it 
hi form ore, hut elsewhere the deposition of its material mav tie 
wi slow and widesjireail a,s to form only protore. But when the 
mimtrv euclo.suig a ve. n of protore is loivcred by demidation, the vein 
irn coiui and its metallic constituents are dissolved and rede- 
«i 111 the layer below. This process continued adds thi' metals 

of ZZ 1 f ‘’’".‘“"'"''"g the surface and cause flic enrichment 
VOU cxxi * 'I’ho rioh ore bodies wliicli 

* EE 



766 


GREGORY : ORE DEPOSITS AND THEIR GENESIS 


have been the great prizes of the mining industry and the 
valued treasure-houses of the mineralogist are mostly duo to th^ 
process of surface or sub-surface enrichment. The explanation of 
these bonanzas," the warning that a sudden fall in value from 
ore to protore may be expected in conditions favourable to 
enriehinent, and the encouragement that after the sudden fall in 
value the ore may continue to great depths with only a slow further 
reduction in grade arc among the most useful guidance which 
geology has offered to the metal miner. 

The Rand. 

The Rand goldfield has been clainied as an exception among the 
aqueous ores, since its gold has been attributed to the action of 
solutions which have left no trace of their planes of infiltration. 
These planes should surtdy have been dlse{)\ered if they ever 
existed, for the exposures on the Rand are most extensive: and 
tlie carefully com [hied sections slun^•ing the variations in the nature 
and values of the gold-bearing beds are the most complete and 
extensive in mining i-ecords. 

The rocks of the Hand goldlield are mostly interbedded slaus, 
quartzites, and conglomerates which have been bent into a broad 
basin and have been injected by numerous dykes and sills. The 
rocks belong in age to the later pait of the pre-PalTozoic. The 
gold ore consists of Inak of coarse conglomerate that were funiud 
as gravel or .shingle. Hence the first explanation represent cii the 
ore as a placer deposit. It was soon found that the gold is not in 
the quartz pebbles, but in tlie cement between thmn ; but althoiifih 
that fact is in .stiiking agreement with placer deposits, it wa^ re- 
garded as fatal to the tlieorv', and others were proposed. Thv mm 
rival to the jhacer theory is that the gold has been introduced in 
solutions as in ordinary lodes, and that the solutions circulated 
through the conglomerates beeause they wore more permcahle 
than the adjacent sandstones. 

The plaeei- theon' was advocated by Becker, who rt'futed the 
argument based on the .snjijiosed greater permeability of the eon- 
glomerate. But serious dittieulties to the first statements of the 
placer tlu'ory.led to its geriernl rejection. A visit to the Ram! in 
lOOd supplied what seemed to me ade([uate explanations of 
diffieullie.s and further e^ idence in favour of the jilacer tlieory. 
which I advocated in a paper to the Institute of Mining and 
I^Ietallurgy in 11 ) 05 . I'he discussions then .showr'd how Wrongly 
that conclusion wa.s ojrjxj.sed to current opinion: hut as Dr. R- b 
Mellor, on behalf of the Geological Survey of South Africa, ha^' 
adopted that theory after several years of detailed study of tlie 
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Kami, it is now the oihoial \ iow. ^Fr. C. Jh Horwood has defended 
the illtration theory in his book on the Rand goldfield ; but the 
trend of opinion a])pears to have set in favour of the placer theory. 

That theory is consistent with the gimeral f;onditions under 
u'hieii the ore is found. It consists of beds of quartz-con- 
gloinerate, wliich were laid down on the margin of an area 
c'oiiiposed of granite injected into a schist; these schists were 
traversed by quartz- veins which were dfuibtless auriferous. The 
(leiuidatinn of this land ])rovided the material for the sliect.s of 
elav. saiul, and ptddile beds, and for laycu’s of iron sand whieli were 
deposited along tlie eoa.st. This series (d deposits was subsequently 
injected by many dykes and silicifi('d. The dykes are occasioiiall}" 
associated with sudden changes in ore value; l)Lit the variation in 
the mineral contents of the conglonierate is usually so inde])endent 
of the dykes as tt) render it most proha bk^ tluat th(' ('xceptions are 
due to coincidence and faults. 

The gold in the rich conglomerate differs from that in tt'pical river 
placers, as it occurs in very minute particles; in river de[)o.sits 
such small gold would be scattered through thick b(^ds of silt, and 
form a very poor ore. Its concentration into rich ore on the Rand 
inav be explained by long-continued tidal action; the wash of tlic 
tide to ami fro would sweep away most of (he sill, and leave a 
concentrate of the heavier particles in tlu'. hollow's between the 
larger pe bides. The.sc positions served as natural ri files in which 
lontr-continned wash of the lick' would eolleet the gold in rich 
deposits in spit(‘ of the minuteiu^ss of the particles. T'iie gold is 
randy in nuggets, although a few have been recorded from Riel- 
fontein up to 2 oz. in weight. As a rule, tlu' gold occurs in minute 
jiartieles, as in those placer de]iosils w hicli an^ for'med from lodes 
in which the gold is hncly disseminated. The minerals associated 
with the gold are tliose usually found as grains in sedimentary 
rotdvs, such as tourmaline, rutile, zircon, and apatite; the ore 
also contains dotrital diamonds, and those characteristically alluvial 
metals — platinum and iridosmiiK?. 

Of the earthy minerals, the most typical silieat(‘ {iresent is a 
chloritoid — a mineral characteristic of pressure metamorphisni, and 
not of veins deposited from solution. The ab.sence of the sheets of 
.secondary vein-quartz is a feature unlike lodes formed by solution. 

The mo.st conspicuous metallic mineral in tlie banket is pyrite.s, 
\vhi{ li often occurs in bands, as if formed from patches of black iron 
sand by convension of the iron oxide into sulphide. Some of the 
]\yrite.s has naturally been formed liy the nqilaeement of quartz. 

Emphasis has been laid by Horwood on the fact that tlie gold in 
the banket contains up to lO or .12 per cent, of silver, and therefore 
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cannot be placer gold, as that is much purer. This argument would 
not carry conviction to a placer ininer, who has to be content with 
£2 10s. per ounce for his gold, owing to its containing 50 per cent, 
of silver. The fact that the Rand gold contains 12 per cent, of 
silver is no objection to its placer origin. 

The Rand ore agrees in its essential features with placer deposits, 
and dihers from lode formations by the lack of infiltration channels 
and of the extensive hydrothermal alteration accompanying rich 
ore due to solution. 


Conclusion. Ore Disiribulion, and Mineral Provinces. 


For mineral deposits in general the distinction that seems of 
primary importance is between the cpigene and hypogene formations. 
Tlie epigone scries includes those formed near the surface, such as 
coal, oil, oil shale, salt, bauxite, .some china clay, and phosphates, 
and among the metallic ores all placer deposits, and gossans, most 
ores of iron, manganese, and mercury, and the rich patches of gold 
and copper due to surface and sub-surface enrichment. 

The hypogene formations include the lower portions of all llie 
ordinary Iode.s, the rich ores found in deep shoots, the low-grade 
primary ores of innumerable veins, pipes, and domes of china clay, 
veins and scams of apatite, mica, and grapliite, and the scattered 
grains of chromite. Of tlie cpigene materials, the distribution 
is dependent j^artly on the underground sources of sujiply and 
partly on the climatic agencies tvhich control various biological and 
chemical processes. The gossans and placer dei)osits are dependent 
on local supplies of metals; and most metalliferous mining fiohb 
arc in or near areas of eruptive activity. 

The association of ores and eruptive r()ck.s is so general that in the 
excejjtional oases geologists are often led to regard the presence of 
the ore as in itself indirect evidence of former igneous activity, 
Thus, to account for the lead and zinc ores of the ^Mississippi, it 
has been urged repeatedly (for example, by Pir.sson) that there 
must be igneous rocks underground, in spite of the sub-adjaceiiT 
water-logged beds which, as remarked by Mr. Foster Bain, would 
protect the o\ Pi'lying rocks from the entrance of ascending hot waters. 

The study of the distribution of the economically useful uiincruk 


and the delimitation of metallogeiietie pj’oviiiccs depends on correct 
interpretation of the chemical ])roccsses by whicli the miiicrak 
were formed. ^Maps of the distribution of ores tliroiigliout the 
world throw little light on ore genesis unless they distinguish mmin;! 
fields of different age.s, or the products of successive mincrali.^atioib. 

The magmatic .segregation of ores ajrpeaj'ed at one time to^oifci 
the most likely explanation of the sporadic distribution of ore fickle 
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and of the existence of mineral provinces. The mining field.s were 
thought to occur above local concentrations of ore duo to magmatic 
stnn’Ogations in the undercrust. The local occurrence of ores mav 
however, be explained by elevations of the bary.sphere haviiig 
raised rock material rich in metals near tlie surface. These sub° 
terraucan domes of the barysphcrc would be local areas of hi^di 
toiuperature and would be normally siirroundcMl liy fracture.s ^\hich 
would admit lode-forming solutions into the upper crust. The 
major elevations of the barysphere arc probably due to the deforma- 
tion of the earth as it cools and shrinks. The cooling is continuous, 
hut the resultant deformation is doubtless periodic. Lode formatioii 
talces place especially at epochs of major disturbance of the eartlts 
crust, and in those belts where the crust is most fractured, along 
mountain uplifts and on the borders of the great .sunklamls. 

The disturbances of each successive world- wide crustal deforma- 
tion are arranged on a regular plan, which there is much evidence 
to show is tetrahedral, hour large areas of sub.sidenco arc antipodal 
to four area.s of uplift ; the uplifted and sunken areas are separated 
by six bolts of folds and fractures, along which orc-tormation ha.s 
taken place at intervals. 

The nature of the primary ore.s along the.so belts is dependent on 
the nature of the fractures and their depth. The simplo.st plan of 
ore distribution is that of the mercury ores. The chief mercury -fields 
are in Spain, Italy, Idria in South-east Austria, California, and 
Peru; they are all in mountains which belong to the youngest of 
the fold-iuoiuitain systems of the earth. The mercury occurs 
along these mcuntaiiis in rocks of all ages; but it is restricted to 
gicat fractures and ovorthrnst.s made tlie coiii 2 >rossion of the 
earth's crust during the formation of the'^fold-mountains, as is well 
shown at Idria. The mercury-fields occur along the Kainoxoic 
fold-mountain system, wJiich include, s the Alps, the Himalaya, and 
the mountains of Western America, at places where the proximity 
of older dislocations or the branching of tlie younger mountain 
lines has led to movements of especial eomijiexity. 

^ With the exception of mercury the Alpine mountains arc iioor 
in ore.s, exeejit when they happen to include rocks charred witli 
metals before the Alpine movements. Analogy, howera', with 
the fold-mountains of the ITercynian system, which 2 >rececled the 
pine, suggests tliat flie roofs of the later fold-mountains iiiay 
contain large supplie.s of ore. The wrecked fragments of tlic older 
mountains yield little mercury, as the up])er zone that may Iiave 
contained it has been suopt away. The roots of tlie oldcr'monn. 
anis are now exposed, and are often rich in ores of the base and 
'cious metals. Por example, the fragments of the ilercynian 
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nioimtain system contain the copi-)er and tin ores of the soutli 
west of England, the lead ores of the Pcnnincs and the Peak, tlif 
copper ores of southern Spain, and most of the ores of Central 
Euro|)e; tlie ore deposits along tlie Appalachians in America oocur 
along earth -movements of the same date. 

Tlie dilTererit geograpl ileal distribution of ores wliich date fro]]] 
different periods is illiistratc'd by the contrast between that of opK 
of mereu ry and of the eipially Sjioradio ores of tin. The inaiy^ 
supplies of tin come from the region around tire i\lalay Peninsula 
including South Burmah and the islands of Banka and Billiton north 
of Java ; also fi'oni Bolivia, Cornwall, Nigeria, and Tasmania. In 
the last pre-war year (T013), the output was as follows : 

ilctrif tons, 


Malavsia and adjacent anais 87,371) 

Holivia 20.327 

Aii.stralia 7,780 

UiiiU'd Kinj^duin 5,288 

Niporia 3.872 

Sontli .Africa 2, .721 


The geological distribution of (ho tin-fields has clearly nn con- 
ne.xion with the Kainozoic fold- mountain system. The liistorii; 
tin-fields of Europe (Cornwall and tlu^ Zinnwald of Cerinany) arc 
not related to tlie Alps, but to the Hcrcyiiian mountains, which 
were formed at the end of the CarbonifcTous Period, Similarly, in 
Asia, the tin-fields are not along the Himalayan but along the linht- 
Malayan mountains, which eorrespoiid in age with the Herevnian 
mountains of Europe. In South America, the Bolivian tm-ficld 
lies on the ancient plateau to the east of the Kainozoic fold-lims of 
the Andes, and the t’wo eliief fields of Africa (Nigeria and the 
Transvaal) are also in areas remote from recent fold-iiiouutains. 

The tin-fields occur where granites were intruded at the end of 
the Pakeozoic Period, The tin was not de[)osited in the heart of 
the granite inas.ses. but at their upper surface. This fact cxpkiii> 
why in Bouth Burmah, for example, the tin is ricli(“st beside small 
outcrops of granite, and sparse beside tiu' larger granite ujas,'C‘<; 
the large outcro])s belong to masses of which tlu' I iii-impregnatcd 
surface lias liecn swejit away, whilst tlie small outcrojis are iiie tip> 
of projections from the granite intrusions and thendore retain the 
Ujiper surface. 

In a district where tlie granite is .so young that none of itisexjXbol 
at the surface, any tin ores tliat ma}' lia\’e been formed will be 
completely buried. On the other hand, the oldest granites do not 
contain tin in coinmercia! <|uantity, sometimes liecaiise tlicir 
surfaces hare been swept away by denudation and sometnm^ 
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because the granite was formed at depths wlierci the temperature 
too high for tin deposition, Henee, whilst mercury is clmrac* 
tfi’istic of the fractured zone on the crest of ilie jumnger fold- 
nioiintains, tin is characteristic of the granitic intrusions of the 
^receding episode of fold-mountain formalioii. Tlu' tin-bearing 
mountains are sufficiently old for their foundations to be exposed, 
hut tlicv are not so old that the tin-bearing zone lias been removed 
by denudation. 

In the case of other base metals, the relations of distribution and 
aLa' are more complex. ^lany mining fields liave been disturlx'd 
1)V successive crustal movements and have n^ciuved more than one 
ciiaigc of ores ; for example, the Erzgebirge of [Saxony received one 
set of ores during the Ilercynian inovimumts and a furtlier series 
during the Alpine movements. 

Earlier in age than the base, metals, and charactmustic of a 
still deeper zone of the crust, arc tin* arelucan blocks which 
contain the chief goldfields of West Australia, India, Brazil, South 
Africa, and parts of the United States. 

Tlic mercury and gold-cjuartz lodes are tluTcfore at ojipositc enrls 
of the lode series. The ores of the liasc medals extend the principle 
that ore deposits depend on depth of formation to intiTinediate 
depths. It has often been jioiiited out that difierenl ores arc 
characteristic of ditlerent temperatures and dejiths ; thus tin lodes 
pas.s up to copper ((Cornwall), ('opper may give j.dace ujiu'ard to 
lead and silver, or zinc, as in North Quceuslaud ; tin may cither 
precede or succeed tungsten, according to local conditions. If 
temperature ’vero the main factor determining lodt' formation, 
tlien one vein might lie expected to pass upward through tlu^ whole 
succession of metals from gold, througii tin, tungsten, eopjjer, sih er, 
[cad, and zinc to nu'ccnry. The nature of the ore supply at any 
place must depend, houxo'cr, mainly on the composition of the 
deeper parts of the crust. 'Where lodes are fed from basic material, 
copper, lead, and nickel arc more likely to be found than tin and 
tungsten, which are characteristic of acid rocks, or gold, which is 
the characteristic metal associatj'd uitli siib-aeid rocks such a.s 
grano-diorites. The temperature factor in distribution is over- 
ridden by the chemical constitution of the inulerlying magjiia. 

The localised occurrence of or(‘ forniations is ('.Y])laine(l ]>y llieir 
oocurreiiee above elevations of the barysphere and where the main 
foId.s arc traversed by cross fractures, Tliese positions must be 
irregularly distributed in accordance ^\ ith the irregular undulations 
of the barysphere; but its variations in conposition are doubtless 
within similrar litnits all the world omu'. Tlierefore, although ore 
deposits arc sporadic and large ar(‘as are ore-loss, the or<linai‘y ores 
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are scattered widespread over the earth. The distribution of e . 
that deplorably scarce metal, platinum, is world-wide. All tC 
continents have some occurrences, although not neccssarilv ' 
conjmercial quantities, of most metals ; but the quantities acceiitj]|! 
in any area vary with its geological history and stage of denudatioi. 
Continents with especially largo outcrops of old rocks, ^uch -j 
Australia, Africa, and the Indian Peninsula, owing to tlic rrjv' 
antiquity of their land surface, expose primary gold ores and an' 
barren in mercury ; such areas are often rich in efflorescent 
and products .such as manganese, la tori tc, and bauxite. 

The distribution of the metalliferous lodes is not ox])Iaine(l hv 
magmatic segregation in the crust, but by local uprisings of th'i. 
barysphere in association with the fold-mountain belts; the ih. 
tribution of lodes is dependent on the major compression belts 
Avhich have occupied dilTcrent positions in the successive disliirli. 
ances which have deformed the crust of the earth at iutervab 
throughout geological time. 


LXXXl\\ — BenzhMiazohs. 


By Stephex Katkboxe Holden Edge. 

Some previous experiments with derivatives of benzotliiazole.' 
suggested the desirability (.)f in\'e.stigating the benzbisthiazoles. 
The only repre.sentati\ e of this class of compound hitherto 
encountered is that described under the name of diethciiyl-2 
(lisiilphydro-p-aminobenzeuc, which was obtained by Green and 
Perkin ('I.\, 1903, 83, 1204} from p-phenylcnediaminedithiosu]pli('iik‘ 
acid and acetic anhydride. 

This bi.st biazole, from its method of preparation, undoubtedly 
has the formula (I), and is systematically named 2 : 6-diinethyt 
3-benzbisthIazole. For tlie present experiments ///-phoiiyleiu'- 


s s s 



(I.) 


CMe 

X 



(11.) 


MeCj 

S' 


s 

y >-x 


(III.) 


diamine was taken as the starting point, and from it, by means 
of the thioacotyl compound, 2 : G-di met hylbenz hist hiazole (H) o: 
2 : 7-dimethylbcnze5'obisthiazoIc (III) was obtained. The method 
employed was to convert acctylated ??i -phony Icnediamine into 



EDGE : bknzbtsthiazoles. 


773 


tlie correspoudiiig dithioacetyl compound, CcHjN:aMe-SH) 2 , and 
oxidise this in alkaline solution with potassium ferrioyanide. " 

Evidence of the existence of a monoihiodiacetyl compound, 
('OMc'NH-CfiHpNiCMe-SH, was obtained, and tins forms an 
inlcrostiiig mixture of constant composition ^\•jth the dithioacetyl 
compound in the ratio of seven molecules of the dithio- to two 
molecules of the innnothio-coinpound. This mi xt lire has a shar]) 
melting point and can only with dilTiculty he resolved into its 
com])onents.* 

Both tlicse bcnzthiazolcs (T and II) have a well-marked liasic 
cliaractcr ; thi^y are soluble in all ordinary acids and quite insoluble 
ill water or alkalis. Their salts are extraordinarily soluble in 
water and diHicult to crystallise. In melting point, crystalline 
form, and general appcaraiiee they closely alike. Because of 
tills similarity, II is regarded as being th(‘ more probable of the 
two possibh^ formulm for the new bistliiazole. Further work i.s 
being done to determine this point. There is one striking diilcrence 
fictwcen the two. The new bisthiazole (II) is only a monoacid 
base. It forms only a monohydroehlori tie even with concentrated 
acid, and a monometliiodide with a large excess of methyl iodide. 
The p-benzbisthiazole (1), on the oilier hand, readily forms a 
dimethiodide. 

In view of the difference between the two bisthiazole.s (I and II) 
noted above, it is of interest tiiat in tiie phenanthroline series, 
altlioiigh these com pounds appear to ])ossess only the unsym- 
nietrical structure, phenanthroline itself, having the nitrogen 
atoms in the mela-position, forms only a monomethiodide, and 
its diacid salts are unstable in pi'cscnce of water, whilst g-pheii- 
anthrolhm, having the nitrogen atoms in the para-jiosition, readily 
forurs a dimethiodidi' and stable diacid salt.s (Skramp and Vort- 
numii, MomiUk., 1882, 3, 571 ; 1883, 4, 574). The same relation 
seems to hold with the methylpheuanthrDiino,s investigated by 
Gerdcrsscu [Ber„ 1889, 22, 240, 249, 253) and by Willgerodt and 
■Jablonski [ibid., 1900, 33, 2927). Tliis point is also receiving 
careful attention in work now being dune. 

Xo wa}^ could be found of pixqiaring thioacetyl-p-phenylene- 
diamine, so that the method of Green and Perkin had to he used 
in order to prepare the 2 : 0-dimetliyl-;ii-bonzbistlii azole. 

E X r E R 1 VI E X T L, 

^lixture of Mono- and DiiJ\ioac(:(ylA\^-]j]ieni/lmaiiamum.-- -An 
intimate luixture of 50 grams of diacetyl-m-phenyleiiediamine 

A Sioincwhat fsimilar carff’ i.s described bv Unsror and tlofmana (Ikr 
939G, 29, 13G4). ‘ ' 
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and 25 grams of iincly powdered phospliorus pentasulphidf ij 
boiled under reflux with 500 c.c, of dry toluene for one houj 
When cold, the dark-coluiired solid, having been freed from tolucrj^, 
})y tilt rat ion and evaporation, is treated with excess of 20 
cent, sodium liydroxide; after agitation and keeping for 
time, the solution of the sodium derivatives of the thioaiotvl 
w-phenylenediaminc.s is diluted and filtered from unchanged 
diacetyb^rt-i)henylenediamine. On acidifying the solution \vit}] 
concentrated liydrochloric acid, the thioacctyl derivatives ar^ 
thrown out as a dark-coloured, finely divided solid. This prodiu-t 
when dried, although containing about 25 per cent, of the mono, 
thiodiacetyl derivative, gives satisfactory results on oxidation 
to the bisthiazole. 

Crystalli.sation from alcohol, with the use of animal charcoal 
yields a yellowisli-whitc powder of miiuite, needle-shaped ervstah 
melting at 181-55 The melting point is raised by admixture 
with an equal quantity of either the dithio- or the monothiu- 
diacetyl-ni-phenvicnodiaminc. Slight contamination with either 
constituent has practically no effect on the melting point except 
to make it les.s sharp. The shar]) melting point and the uonstanev 
of composition of this product would indicate that it is a eutcetic 
mixture (Found : C - 54-51 ; H - 5-, ‘17 ; S ^ 25-811. Fale. for 
3 mols. of the dithio- to 1 mol. of the monotliio-denvativo; 
0 = 54-55 : H — 5-45 ; S — 25-45. Calc, for 4 mols. of the dithio- 
to 1 mol. of tile monothio-derivative : C — 54-37 ; H — 5-43; 
S 2C-(H) per cent.). 

DifJuoac(f}jl-m-ph€ni/hu(fiia/inN(:.—Ahcv four crystal li.-^atioii-^ 
from 200 r-.e. of alcohol, the inixtiirc (25 grams) obtained above 
yielded 4-5 grams of sicuder, vellow ervstahs melting at 194', 
Further recrystalli.^atinn produced no effect on the melting point 
{Found : S — 28-24. Calc., 8 — 28-58 per cent.). 

Monothiod iaci'l lu/Je n( did mi ne . — The mot her-liquor from 

the fir.-it cits! alli.sat ion abo\ e was eoneentratcf.1 to 50 e.c. and 
poured into a litre of water, whereby tlie main bulk of the double 
compound was precipitated. Tliis was filtered ofl and the water 
solution concentrated. In tlii.s way 3 grams of a solid melting 
above lOO'’ were obtained, and after three furtlu'r crystallisation? 
tlie m. p. was 220". Shortage of material ])r(;vented further 
purifieatiou (Found : S — 18-52. Calc., S — 15-38 per cent.). 

2 : i)-Dii/i<.ll(ijlbf;nzhiMthiazo(t {II) or 2 : 

{III). — A solution of 20 grams of crude ditliioaectyl-m-plienylene- 
diamine and 07-5 grams of sodium hydroxide in 1000 c.c. of water 
is added to 133-5 grams of jiotassiiim ferricyanide dissolved in 
1400 c.c. of v\’ater. Tlie feathery precipitate that forms is collected 
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qfter tlirec days and extracted with ether, the ethereal solution 

dried and evaporated, and the residue is distilled, ])referably 
under reduced pressure, whereby 0*5 grains of an oil, solidifying 
) <1 hard yellow solid on cooling, arc obtained. Recry.stallisatinn 
f\in hot li*ght petroleum gives beantifnl, very i)al(‘ yellow crystals, 
106^ b. p. 342 — 344^ or 240”/45 mm. (Konnd : C - 54-46; 

1’ 3.57 s t- og-l. C'lolIsXoSi rcnuires C 5+'55 ; H -- 3-(;3 ; 
s -- 29-0- per cent,). 

' The hi/drocJiloride, prepared In concentrated acid solution, forms 
oolourless, stout crystals, m. p. 215^ (Found: ('1-13-82. 
(< H requires 01 = 13-81: per cent.). 

*The mdkiodide, prepared by heating the Insthiazole with exee.«s 
of methvl iodide in a sealed tube in a water-bath for two days 
and purified by ciystallisation from (dther alcohol or water, forms 
nearly colourless crystals, wdiich darken on heating and melt with 
(loconiposilion at 236k For some unexplained n-ason, tlie iodine 
content of this compound is about 1 per cent, too high. Repeated 
crvstallisation and .strong heating even at 180'^ for some hours {at 
winch temperature some decomposition takes place) produce no 
appreciable effect. Four analyses on different samples gave 
I -- 30-14, 35-96, 35'99, 36-25 (CjoH3X2^.,,MeI reijiiires I - 35-09 
per cent.). 

Xo evidence of the existence of a dimethiodide could be obtained. 
After long heating with a large excess of methyl iodide, the rcsiilt- 
iiitf solid, air-dried, showed barely the increase of wifight required 
hy the monomethiodide and on ci’vstallisation gave a compound 
identical with that described above. 

2 :{)-Dimidhjl-Pj-b(:)izhisthi(!Zole J)vmOilodUh' . — Tin- bisthiazole (I), 
jwepared as de.scrihed ly Green and Perkin {Jov. vii.). ten times the 
(piantities given being employed, is heated witli exee;-s of methyl 
iodide in a vSealed tube in a vater-liatli for a few hours. The 
product, crystallised from water, dried thoroughly at 150 , ajid 
cooled in a vacuum desiccator, is a yellow, erystalline powder, 
wliich darkens on heating and melts with deetnn position at 238^ 
(Found : I •— 50-38. Cj^(jHgX.;,S.>.2MeI vetpiires I - 511-4 ])er cent.). 

KiX(i's Coi.i.noE, T'niversitv or 

\V.C.2. Jirn 'inii. Jujwiurj VMh, UI22.J 


E E'^ 
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LX.XX\\—Heterorjencous Equilibria : The Tcnucnj 
System Sodhm Sulphafe-Sodiim Carhonate-Waifrr, ' 
Alfred Ernest Dawkins. 

The follo^^'ing ro.soarch ^\’as iindertala'ii as a contribution to tiip 
knowledge of the solubility relations, hitherto unrecorded, of 
two simple salts, sodium sulpliate and sodium carbonate, a matto' 
of importance in the heavy chemical industry. 

The isotherjiial relationships have been investigated at tiv,, 
toinperatures, namely, it)T° and 50”, the foi’iner being chosen as 
representing about the lowest temperature that can be coiivenieiuly 
maintained in an ordinary lal)oratory during the winter, t'ornpltp' 
data have been obtained for the isotherm at 19T“. The data ii\ 
the higher temperature, 50”, are incomplete, but are 8uflicli.'iit tu 
indicate the general nature of the eriuilibrium relationships. 

At both tem])eratures a preliminary exploration was carthd 
out by means of Schreine?nak(‘rs's well-known residues inclliod," 
Owiim, however, to the formation of solid .solutions at both tempera, 
turcs, this method was not snllicient to fix tlie composition of (lie 
solid phases witli certainty. Supplementary experiments for thr 
isolation and analysis of Die solid phases were earrii'd out at tlu- 
low('r temperature, but at the higher temperature it was not found 
possible in the time availalde to proceed beyond the preliminaTy 
Sehreinomakers exploration . 


E X r It R I M E N T A L. 

The chemicals used wei'e i\lessrs, ilopkin and \Mlliams s guarau- 
teed reagents.'' The thermostat in which tlie compaoneuts wiv 
brought to etpnlibrium was ])rovided with a gas temperaturo-regu- 
lator of the ordinary type, The apparatus in which the saturated 
solutions were prepared and the corresponding wet solid.s obtained for 
examination by Sehiudiieraakcrs's method, consisted of a widegla>> 
test-tulje provided with a rubber stopper carrying (u) a .stirrer, and 
(6) a narrow glass tube, over the end of which was secured a pieced 
finely woven elolh, serving as a lilter. The narrow glass lubeU''' 
capable of being slid up and down through the stopper, and ua.- 
kept clear of the mixture in the test-tube until it was desired tr 
sepiarate the phases for analysis, when it could be pushed down 
through the iiiass of lifpuid and crystals to the bottom of the te-t 
tube. The Hquid for analysis was sucked oil into a smaller tc.^t 
tube provided with a twoholed stoppicr, one hole carrying a tube u 
connexion with the filtering tube, and the other a tube for buctiou 
. The tube containing the salts and water was immersed almost 
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pletcly in the water of tho thermostat, so that the tcmjjeratiire at 
the lower end of the glass tube for filtering off the solution could 
not differ sufficiently from that of the thermostat to disturb the 
C(|nilibrium when the tube was depressed into the mixture below. 
For the supplementary examination of solid phases (at only), 
the method described by Fock {Z. Krysi. Min., 1807, 28, 347) was 
u.sed ; that is, solutions were allou'ed to evaporate at the temperature 
of the thermostat until a small crop of crystals appeared. The 
crystals were picked out of the solution, rapidly pressed between 
filter-paper, washed twice with an almost saturated solution of 
:>odium sulphate or sodium carbonate as the case might be, then 
once with water, and finally dried rapidly on filter-paper, 

Sodium sulphate was estimated gravimetrically after conversion 
into barium sulphate, and sodium carbonate volumetrically by 
titration with standard solutions of hydrochloric acid, using methyl- 
orange as indicator. The third component, water, was arrived at 
by difference. All estimations were made in duplicate wliere 
possible. 

RpsnUs, 

Thr. Isoihf.rm at 19-1^.— The compositions of the solutions and 
wot solids obtained by Schrcincmakers's method are contained in 
the following table. 

Table I. 





Eiquid. 

Corresponding residue. 

\o. of 


(Jramsi 

per UK) grams 

(drains per 100 grams 

detonnina- 


of liquul. 

of rc.ddue. 

tion. 

Don.sity. 

Xa.ISO 

XaH'O.. 

:sa.,CO.,. 

(i 

M9 

4-07 

id'n7 

2-34 2S-29 

] 

1-22 

O'O.) 

14-92 

3-19 30-82 

4 

1 

9-o0 

14-82 

4-80 20-SS 

<) 

1-29 

10-47 

14-03 

10-88 Id- 31 


1'2S 

in-69 

13-84 

29-42 ti-S4 

2 

i-2(; 

11 -on 

12-13 

28-04 0-37 


1'2I 

11-89 

9-22 

29-30 4-r)4 


Mo 

i:i-i7 

4-S5 

.31-87 2-30 


In Fig. 1 these results arc plotted grapdiically on the triangular 
co-ordinate system. 

The points S and 6 representing solubilities of sodium .sulphate 
and sodium caHxmafe in water at 19-1 \ are calculated from data 
?iven ill Seidelfs Dictionary of Solubilities. 

riiere are seen to be tivo Jiquidus curves, intersecting sharply at 
an myarianfc point, which must be determined by the presence of 
tno solid phases. But as to the conpmsition of these two solid 
P as(.s, the diagram does not give definite evidence. In the binary 
^vstcms Na,, 804 -FTp and the stable solid I'hascs at 
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19-1° arc in each case the decahydrate, represented on the diagram 
by F and Q respectively. But that these t^vo decahydrate? are 
not the actual solid phases in equilibrium with the invariant sol utirm 
is shown hy the divergence of the conjugation lines on both sides 
the diagram from P and Q. Similarly, the failure of the conjiiffaipj.- 
lines to intersect at a definite point inside the diagram indicatn 
that the two imivariant systems represented hy the two braiKlms 
of the liquidus arc determined by the presence, not of a pair of solids 

Fk;, 1 . 


HvO 



of constant compositions, but rather of two scries of solid solutions 
This indication was confirmed l^y the isolation and analysis of the 
actual solid phases in equilibrium with tlie several solutions (Torh s 
method, see above). The crystals thus obtained invariably con- 
tained both sodium sulphate and sodium carbonate, and a propor- 
tion of water agreeing closely witti that required for mixtures of 
the decahydrates. The solid phases thus consist of two scries of 
, solid solutions, containing in each case ten molecules of water (f 
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crystallisation. The liquids in equilibriusn with each set of crystals 
were also analysed for one component, which in conjunction with 
the already determined solubility relations is sufficient to fix the 
eouiposition of each solution. 'The compositions of the solid idiases 
obtained in this way and of the corresponding li(puds are contained 
in the following table 

Table IT. 

Solids llich i)i Sodhini Sulphate. 

X.iX'0,1 in l!ie liquid—^,', by weight 4'91 S-72 j j.q; 

Na’COs ttio solid {dcculiycli'fcd(') — 

'hy weight ().;U O-iiO 1..54 

Solids Hick ill Sodium Carbonate. 

Nhv.SCh in l ho liquid by M'oiglit :5-7l 5-7)7 0-Ul 7-:n S-i)7 

Xii.SO, in the solid (dcoaliydrate) — hv 

'V eight ().71 0.7,-, {|.()2 Li:} i.q-) 

In order to fix definitely the shape of the isotherm, it is obviously 
ueccssary to determine the comi)nsition of the limiting solid .solutions 

Fic. '1. 

P('r an/. Xad-'O;, ( 5 y uunpa) i/i t],r lipO-l. 




■> la 

rcr ccN/. XojSO, [hi/ j/v/y/Ul In tin: liquid. 
FlO, 3, 


which are in mutual equilibrium in the presence of the invariant 
solution. It has not been found practicable to effect a separation 
of these two coexisting solid solutions, but a close approximation 
to their composition can be made by plotting the figures given in 
Table H and extrapolating for the limiting concentrations of sodium 
sulphate and sodium carbonate at the invariant point. The graphs 
are shown in Figs, 2 and 3. The limiting solid .solutions arc seen to 
contain 2 00 per cent, of sodium carl'onate and I-OO per cent, of 
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sodium sulphate respectively. The shape of the complete isothern^ 
is shown in Tig. 4. The points 8, 1, C\ A, and B are to scale (weigijt 
percentages), but the lengths of AC and BD are exaggerated for 
the sake of clearness. 

FlC. i. 



The. Isotherm at 50"^. 

The analysis of 

eight pairs of s 

olutions and 

corresponding wet solid^ 

gave the following results : — 



Lie 
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.t7 
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.5- ST 

2S'r>t> 

2S-.52 

3-3.) 
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00 - 2n 

12-91 

.12 

7-52 

21-7L 

3(1-80 

20-87 


12-92 

19 -.3 7 

4.5-30 

22-10 

.51 


12 -.51 

4 7-Oi; 

liH)9 

<58 

22-4 7 

in-. 52 

03-0.5 

1 l-r)3 

.54 

23-iri 

HI- 21 

01-80 

0-.33 

.56 

. 2 7 -31 

.5-0(1 

SO -.58 

1-10 


These results are plotted graphically in Fig. a. 

The luiuidiis curve is seen to consist of three portions, inlerscctiug 
in two invariant points, the compositions of the invariant solutions 
being giAxn by cletcrminalions 54 and 55 respectively.^ Aic 
directions of the conjugation lines indicate that to each portion of 
the liquidus there corresponds a set of solid solutions, lurllier 
work is required to determine the compositions of these three sets 
of solid solutions. 
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Summary. 

\ In the ternary system Na;jS 04 -Na^C 03 -H^ 0 , tlu^ isothermal 
. jjiiibria at 19'1“ and 50=* have been investigated. 

The isothermal diagram at 19’ 1” consists of a double-branched 
I 'niidns curve, an invariant ijoint, and two solidus curves represent - 
solid solutions in equilibrium with the solutions represented by 
the two branches of the hquidus. 


Fig. 5. 



3. The isothermal diagram at 50' consists of a triple-branched 
liquidus curve, two invariant points, and three solidus curves 
representing solid solutions in ecpiilibrium with the solid ions 
represented by tlie three branches of the hquidus. 

The thanks of the author are due to Professor Donnan, T.R.8., 
for helpful advice throughout the work, and to . E, Garner 

for .several valuable suggestions, The author also makes acknow- 
ledgment to the Royal Commissioners of the 1851 E.xhibition for 
the grant of a scholarship. 
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LXXXYl.—Pkototropij of Inorganic Salts, Cupr^y. 
Chloride and Bromide, 

By Gopal Singh. 

WiiOLER {Aiiiialcn^ 1804, 130 , 273) states tliai crystals of ciipr,,^^ 
chloride, when kept under acidified water and cxp(.).se(l to direct 
sunlight for five minutes, become dark copper-coloured '' ant] 
assume metallic lustre. He ex])laius the change of colour by sup. 
posing that an oxychloride is formed, witli the simultaneous pro. 
duction of hy'di'oehloric acid. 

In the cour.se of .<Jome experiments it was observed that when 
cuprous chloride was ex])osed to direct sunlight under Avater sliiflitlv 
acidified with sulphurous acid, it became first greyish-blue, then 
dark blue, and finally dark “ copper-coloured, ' and a.ssiinKd 
metallic lustre after a few minutes exposure. Further, it 
noticed that when this exposed cuprous chloride was kt'pl in the 
dark, the reverse change's of colour took place— first it lost in 
metallic lustre, then the dark Idue colo\ir changed to greyish-blue, 
and finally it regained it.s original white colour in about forty-f'k'ln 
hours. Thi.s cycle of changes could be repeated any mimbcr li 
times without loss in the ]ihoto-reactive sensitivity of the sample 
used. The only precaution taken Avas to protect the niproiu 
chloride from oxidatioiA by kee[)ing it under acidified Avatcr (|uire 
Avater decomposes cuprous chloride). In other Avords, ciipniib 
chloride in the presence of Avater Avas found to exhibit the remark- 
able piiotoehomical phenomenon named phototropy. 

Cuprous bromide also exhibited phototropy in the same nianntr, 
It became dark green after a few minutes' exposure, but the dark 

copper colour did not ai)pear until after an exposure of about 
half an hour, and even then only a cry faintly. The reverse chaiigts 
took place in about thirty hours if the salt had been exposed for a 
fcAV minutes only. 

It may be mentioned that cuprous chloride and bromide are liic 
only inorganic compounds that exhibit pliutotropy in all samples 
Avhether they' are ])rf'pared from chemically pure materials or from 
commercial ones— unlike calcium sulphide (Mourelo, Cowpt. rai 
1914, 158 , 122). 

Cuprous iodide is not phototropic. Cuprous fluoride is .still undei 
investigation. 

Quite dry cuprous chloride and bromide are not sensitive toligH 
and even several hours’ exposure to bright sunlight prodllce^ m 
change of colour. It is significant that in the presence of guu 
pleteiy dry liquids other than Avater these compounds are no 
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rii^itive to light. Moreover, if the wet, expo.sed eonipounds be 
dried in a vacuum or warmed in au atmospliere of hydrogen, they 
will rogain their white colour as soon as all the moisture shall have 
lu'cn driven off, that is, the coloured modifications of the com- 
p!lnds are only stable in the presence of water. 

' 'Hie time required for the transforonation of Avhite cuprous chloride 
or bromide into the coloured variety varies with the intensity of 
li(dit the greater the intensity tlie cpiicker the change. Bright 
<imli'dd produces appreeial)le change after a few seconds; arc 
]i,rht”takes about a minutev \\’hilst the liglit of the mercury lamj) 

of l)urning magnesium brings about the change after about five 
uiiniites' exposure. Even diffused light can act, but in this case 
tlie time reepdred to i)roduce appreciable change may be some 
liours or even days. J'Heetric light or the light of the .sodium 
name has no action on cither of the white siibstanee.s. 

\ftor exposure of the salts to the light of an arc lamp, no phos- 
])horeseencc ^^as observed on the sudden reriKnal of the source of 
jjirht Rubbing of cuprous chloride or bromide betwecji glass 
j)latcs in the dark-room gave no indication of triboluminescence. 
Old sarajiles retain their photo-reactive sensitivity unimpaired. 
Examination under the microscope of exposed crystals showed 
that the crystalline shape was unaltered. Powdered crystals also 
exhibited phototropy. Almost all the known solvents for cuprous 
chloride, namely, ammonium hydroxide, pxTidine, quinoline, con- 
ceutrated liydrochloric acid, and concentrated solutions of alkali 
haloids, were examined, and in no case was phototropy observed 
ill the soliitior. 

To studv the action of light of different colours on cuprous 
chloride, a long glass tube with a narrow bore was filled with the 
substance anrl a iittic sulphurous aeid and then sealed and exposed 
to the light of the spectrum. After an exposure of about five 
minutes, that part of the salt which had been exposed to the violet 
portion of the spectrum developed a dark blue colour, and after 
further exposure the remaining parts also deve1o[)ed colour. It 
was observed that the maximum effect was produced by violet light, 
and the least by red. Cuprous bromide behaved exactly in the 
same manner as cuprous chloride, it also being most sensitive to 
violet light, 

At the ordinary temperature the effect of exposure of cuprous 
chloride or bromide to direct sunlight is rapid, but the reverse 
action in the dark is very slow. Cuprous chloride at about 20° 
is covered with dark copper-coloured crystals after five minutes’ 
exposure, but decoloration at that temperature requires about 
forty-eight hours. At higher temperatures, whilst the velocity of 
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coloration decreases very slowly, the velocity of decoloratiojj 
increases rapidly. Thus decoloration of cuprous chloride at Kifj: 
takes about half an hour, whilst at 1^00° the substance recover,^ iij 
original white colour in a few minutes. 

rt is noteworthy that the sensitiveness to light of cuprous chloridf, 
and bromide is affected by the presence of acids. The sensitiveness 
doorcases with the increase in concentration of the acid. In th. 
following table is given the concentration of acid which altogether 
inhibits the action of light on the substances. 

Crams of acid per c.c. 


Sub.slauco H 0 SO 4 , HCl. CJIj’COoC. ILSOj. 

Cud ^ t-h24 sensitive ill all 

conceiitratiriij,! 

CuBr 0'S79 0-044 0-7C8 „ 


It will be seen from the above tabic that the scnsilivcncjiij of 
cuprous bromide is more affected by the presence of acids ilianthat 
of cuprous chloride, and further that hydrochloric acid everts tlie 
greatest inhioiting effect. 

As regards the mechanism of the change, it may be stated at the 
outset that atmospheric oxygen takes no part, for in all the expni- 
ments the cu])rons chloride and bromide were protected from it hy 
keeping them umler acidified water. W holer’s explanation {loc. dtx 
which is based on the supposition that water acts on cuprous 
chloride in the presence of sunlight, producing an oxycliloride with 
the simultaneous formation of hydrochloric acid, dop.s not seem to 
be correct : First, because hydrochloric acid could not he detected 
even after many hour.s' exposure; secondly, because the coloured 
modifieafion, as has liecn shown, changes hack to the origitial 
substance when it is kept in the dark. If W'fioler's explanation hr 
applied to the reverse reaction, it would mean that hydrochloric 
acid and the oxychloride again react with each other in the dark 
to reproduce the original substance and water. This reverse 
reaction is only possible in the presence of hydrochloric acid. But 
experiments have shown that if the exposed substance be thoroughly 
washed with alcohol in order to remove the hydrocliiorio acid which 
Wholcr supposes is produced in the direct reaction, and bejhen 
kept in the dark, it will still revei't to the original substance. Fiiliko 
the complex phototropic organic compounds such as the fulgides fd 
Stobhe {Anmden, 1908, 359, 1), the molecule of cuprous chloride 
or bromide is a very simple one, and therefore dynamic isomerism 
is excluded. The one apparent expianation which can be put 
forward is that the substance combines with water in tlic presence 
of light to form some kind of hydrate and that this hydrate is no 
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stable ill the dark, and therefore breaks np again into water and 
Ihe original substance when it is kept in the dark, But it may 
lie stated tliat there is no experimental evidence to support this 
oxiilaiiation, and at present one cannot definitely say what ])art 
water plays in the reaction. 

Kxperiments arc being continued to find a quantitative relation 
li(‘twoen temperature ami photolropy which might tljrow sonu' 
light on the mechanism of the change. 

{ ' !1 1^ M IC A L L A B U R A T 0 R Y , 

Dval Sinou Coi-tjcor, 

Lahorf, Txdia. JUcnccd, Xovinihvr 11S21.1 


LXXXVn.— 77fe Cimukitu:e Kijecl of ihe Chlorine 
Atom and the Methjl and Sidphoni/l ('hlorlde 
Groups Oil Suhslitution In the Benzene Nucleus. 
Part IJL 

By Willi A Ai Davies. 

Tin: nhratioii of 2-chloro-/j-loluenesulphonyl chloride (Davies, T., 
11121, 119, 859) apparently .shows that the chlorine atom has far 
greater directing power than the other two substituents acting 
together, 

Mo Me 

(I-) I P — > (It.) 7 4- 5 permit. 

SOX'! 80.(1 

An cx])!anation of inaiu- nnex 2 )ecte(l suljstitutioiis in poly- 
substituted benzene derivatives such as those described bv Simonsen 
and Ran (1., 1917, 111, 221, 222) is due to Professor Robinson 
(Perkin and Robinson. T., I9U, 105, 2379; Jones and Robinson, 
T., 1917, 111, 900), who found in many cases that when a negative 
group is in the ortho- or para-position to a positive group, it 
neutralises such a group, and tlie orientating effect is exercised by 
the second positive group. (This statement is attributed to Robinson 
by Gibson, 8imonsen, and Ran, T., 1917, 111, 73). The nitration 
of (1) is in accordance with this rule, 
in order to determine whether tlie large amount of (IL) is actually 
attributable to thi.s supposed neutralisation of the negative and 
positive centres in the para-position to each other in (1 ), the nitration 
ot O-chloro-w-toluenesulphonyl chluj'ide (111) was carried out under 
comparable conditions. If the directive iiiiluences of the chlorine 
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atom and the sulphonyl chloride group neutralise each other, 'i' thf- 
(tV) ought to be the chief product ; if not, (V) might be expected to 
predominate. 


Me 

Me 

HXOj 

Me 

/\ci 

/\ci 

E„S0, 

/\c\ 

sc: 


SO2C1I 'XOg 

A'Oj 

(111.) 


(V.) 

(IV.) 




.Me 

UNO, 

.Me 

ifCl 

y'NoH 



/"yoH 



SO^Xa 

\0 

.NU 2 

SOsXa 


NiiOH ^le 


i\[e iNuoi: 

/\-o 

MixO-OXa 


(ix.) (VIII.) 


(VII.) 


ColofirJess, 


Onnuje-mL 


Tlie nitration of (III) leads to the formation of a 00 per com 
yield of (V'), and although a small quantity of oil is formed, no otlut 
isomeride can be i.solated. This experiment serves to show tliai 
Robinson's rule is not valid in this case,t and that, as iniglit ijc 
expected, the ortho -directing power of the chlorine atom togctlitT 
with the meta-directing influence of the sulphonyl chloride i^roup 
overwhelms the effect of the methyl group. It follows lliat the 
explanation of the formation of (II) in such large amount is to be 
found in the great para-dirccting power of the chlorine atom. 

The constitution of tlic chloronitrotoluencsulphonyl ehloridt' 
produced in the Tiitralion of (111) is shoun by replacing with hydroxy] 
the chlorine atom in the eor'H'S ponding sorlium sulphonate (VI), by 
the action of l)oilirig sodium hydroxide solution. The substance 
formed shows all tlie jiroperties that would be expected from a 


* It is f)erhaps scarceh’ legitimate to imagine tliis kind of neutralisarioti 
occurring between two suoli '' acigenic " or " acylrais substituents as Cl 
and -SOjCl; but it must be remembered that -Cl (orUiO-puru-direcniia': 
resembles in many ways a so-called " jjOsitive " group like -OH. and tliiU 
such "neutralisation " between OH and - SOjCi is quite admissilde. I'.''' 
example, ehloroaeetie acid ami glycollie acid are both stronger tlian acOK' 
acid (Kaufli'mann, " Jleziehungen zwi.selien PliysikalisebeJi Kigenschaften umi 
Cheraischer Konstitution,” 192U, jqi. (Mb, iMh), despite the fact that oih' 
substiluejit is (-ailed " positive " and the other " negative.” A valuable 
attempt to introduce order into the u.se of the terms " jwsitive '' and '’nejiiv 
tive ” has recently been made liy Laf>\soi’th (Mrm. ManchenUr /Vid. &'•, 
1920, 64 , ii. 1). 

t It should bo mentiuned that Robinson hhnself {loc. cit.) seems to arfb 
his rule only to aromatic .substances in which tlie two so-called "positive 
(ortho-pora-direeting) groups arc eitlier identical or very similar. Ib*' 
research shows, at any rate, that tlie I'ule cannot always be uj>phe<l tdiui 
the two ortho-para -directing groups are dissimilar. 
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salt of a nitrocrcsolsulphonic acid. The neutral and acid 
differ markedly in colour, as would be anticipated from the 
formula; VII and VIII 

These salts are converted by the action of hot dilute nitric acid 
into 3 : o-dinitro-o-crcsol (IX) and sulphuric acid.' Moreover, a 
henolic substance and sulphuric acid are produced by treating 
(\TII) 'V'ith hydrobromic acid and bromine water. 

All extremely interesting difference in solubility exists between 
the sodium and potassium salts of 6-chloro-.>nitro-m-toluone- 
siiiphonic acid. The sodium salt is readily soluble and the potassium 
.xall verv sparingly soluble in cold water. A .V/oO-solution of 
potassium chloride deposits the potassium sulphonate on the addition 
of a solution of the sodium sulphonate. Both salts contain no water 
of civstallisation, and may bo of value for the estimation of potassium 
in llic presence of sodium salts, for the perchlorate method recently 
olaborated for the estimation of jiotassium [Annual Reports, 1920, 
17, U8) is apparently troublesome. 

E X P E R I M E X T A T.. 

(\.Chloro-m-toliieiip.<iidphon7jl CA/or/(fe.—o-Toluidine-5-sulphonic 
arid wa.s prepared by heating o-toluidine (1 part) with 3 parts of 
sii![>huric acid containing a trace of iodine for six hours at 100 — 
IhT; the amount of charring at this temperature was negligible. 
The weight of the once crystallised sulphonic acid (from water) was 
lhe same as that of the o-toluidine taken, This sulphonic acid was 
converted into sodium G-cliIoro-^/i-toluene.sulphonate in the following 
way, advantage being taken of the sparing solubility of the sodium 
."alt in concentrated hydrochloric acid : o-ToUudine-o-sulphonic 
arid (150 grams), suspended in a mixture of concentrated hydro- 
chloric acid (TKj c.c.) and powdered ice (300 grams) in a freezing 
mixture, was diazotised A^dth a concentrated solution of sodium 
nitrite (To grams of 9b per cent.); a large amount of diazonium 
compound .separated towards the end of the reaction. The mass 
was carefully added to a cold solution of cuprous chloride (110 
grams) in concentrated hydrochloric acid (800 c.c.) and AX'ater 
(150 c.c.), the product heated on the water-bath for one and a half 
hours, when the copper diazonium derivative xvas completely 
decomposed, and the green solution allowed to remain over-night, 
Jhe deposit of colourless leaflets was collected, washed with a little 
water, and dried at 160' . The yield (99 grams) can be considerably 
increased by re -concentrating the diluted tiltrate after rejiioval of 
the copper as sulphide. 

Sodium 6-chloro-w-toluenosulpiionate (100 grams) xvas converted 
into the corresponding sulphonyl chloride (95 grams) melting at 
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64 — 66'’ by means of pliosphorua pon^chloride in the usual wav 
The melting point recorded by Wynne (T., 1892, 61, 1040) is 65- ' 

N {(ration- of ij-Chioro-nUoluLoie-mlphonyl Chloride.— T \\q chlorid-, 
(100 grams) was added to a mixture of nitric acid (76 c.c. ; d p-j,. 
and sulphuric^cid (150 c.c.) at 20'’, and the mixture stirred. Xlit 
temperature fell to 25'’ and then slowly rose to 35^, when the 
tion mixture ^\■as cooled and tlic nitration carried out between 2s' 
and 35°. The reaction was iluishorl in ninety minutes, T|,,. 
product was poured into a large vohinu' of ice-water, and theimry. 
derivative well washed with water, wlien it rapidly solidified to ^ 
hard, brittle mass. This substance, when dried under diminislu-fl 
pressure over phosphoric oxide, irndtod at 41- 40° and wei^lu-.j 
112 grams. 

Attempted Separalion of the Isomerides. — d’he nitration jirodiict 
Wiis cT3^stalIised from light peti'olcuni (h, p. 80—100') and afu-r 
repeated crystallisation 85 grains of one isoincride melting at 47'-.jii 
were obtained in long, thick, colourless rods. tTc la.st-crystallisiii|i 
fractions contained several small rhoniholiedral crystals melting a- 
S5— 8S°, but there was insuffieieut of this isotneride for analv<i<. 
However, the 2:)0rtion of tlie nitration product least soluble in lidii 
petroleum only partly solidified 011 long standing, and weiglud 
19-8 grum.s. Advantage was taken of the .sparing solubiligv of 
potassium O-chloro-5-nitroon-toluene.sulphonate to separate tliu 
corresponding sulplionyl chloride from tlie oily mixture in tbe 
following way. Tlie mixture was boiled with alcoliol (75 c.c. of 14 
2)cr cent.) for two hours and the alcohol disiillcd off. The residue 
dissolved comjdctcly in water, and the solution, neutralised ml ii 
sodium hydroxide and diluted to 300 c.c., was mixed with a solution 
of 2)otassiuin chloride (0 grams) in 50 c.c. of water, when almost pirn; 
po t ass i um G - c h loro - 5 - 11 i t r 0 - t ol u e nesu 1 ph on a t e was instant ly 
precipitated ; collected after remaining over-night, and dried at 
150°, it weighed 1()*7 grams. The filtrate was evaporated to drynos> 
and, afl(-r healing for Uvo hours at 150°, the mixture of salts weighed 
9'G grams. The mixture was heated with 10 grams of jihosplioriu 
ixuitachloride for an liour on the water-bath and tlie cold product 
poured into cold water, wlion an oil (4 grams) wa.s obtained. As the 
oil refused to solidify, and no pure suliihonamide could be derived 
from it, the investigation of this small proportion of isomcrides iia.i 
abandoned. The weight of the potassium salt (16-7 grams) corre- 
sponded with 15-G grams of 0-chlc>r(j-5-nitro-w-lolueriesulphoiu 
chloride, so liiat the total yield of this substance is about HKi-ii 
grams, or 90 per cent, of the nitration pi'oduct. 

()-Chloro-o-Hiiro^m-iolu(iii(',sidphoHyl chloride (V) is moderate} 
.soluble in boiling light petroleum and sliglitly soluble in tiie co 
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solvent, from which it crystaiiises in long, calourles.s prisms melting 
at 40 - '50'" (Found : N — o'l. requires X ^ 5*2 per 

cent.), alcoholic alkali or hydrazine hydrate, 

cKaractcristic colorations are produced, which arc due to the 
reactivity of the chlorine in the nucleus, 

The amide, made by boiling the sulphonyl (hlorido witli dilute 
iniimonia solution, is moderately soluble in boiling, and sparingly 
soluble in cold, ’water, It dissolves readily in hot al<',ohol, slightly 
in cokl, from which it crystallises in small, colourless needle, s melting 

O()i^oo2'' (Found ; X IM. ChH/)^X/'}S requires X - 11-2 
prr cold.). 

The sodhan salt cannot be prepared in the usual way in a pure 
state, but is conveniently obtained as follows. The .sulj^honyl 
chloride (25’() gram.s ; 1 nio{.) is boiled iimler rcflu.v for five hours 
with alcohol (50 c.c. of 90 per cetit.), and the red solution, which 
snudLs of hvdrogen chloride, evaporated on tlie ■wat(T-i)ath to small 
hulk, when the sulphonie acid separates out on cooling in eoioiirle.ss 
needles. TIu' solution is diluted with water and again concentrated, 
and this procedure is repeated twice, when the product will be free 
from hydrochloric acid. The liquid is titrated with sodium liydroxide, 
Til grams being required (J ?mjl. of tlic acid require.s 4-0 grams). 
The solution is evaporated to dryne.ss and the yello^v salt crystallised 
from water, wiicn the jiure sodium salt .separates in colourless seale.s 
(xtiUaiiiiiig no water of crystallisation (Found : H^O ~ 0-3; Xa ~ 
8-8, (LH- 05 XClSXa requires Xa ~ S-d per cent,).* The sodium 
salt is readily .soluble in cold and extremely soluble in hot w'ater. 
The ditrerence in solubility between tiie .sodium and potassium salt.s 
is e.xtraordinarily great, and by means of the fortm'r a rapid and 
rjoderatcly aecurale e.stimation of the pola.ssium iti a mixture of 
sodium ajid pota.ssiinn salts can be carried out. 

Tlic polas-siiim salt rapidly separates as colourlc.ss, gli.stening 
scales when a solution of the sodium salt is mixed with potassium 
f'lilorifle solution (Found; in air-dried material, IFO — 0*2; 
K 13*8. ChHjO^XClSK requires K = 13-5 per cent,). The salt 
iss])aringly soluble in cold and slightly soluble in boiling water. 

the alkali salts of tlic sulphonie acid on tlie whole .seem to follow 
tlic rule of decreasing solubility with increasing atomic weight of the 
uK'tal, which u-sually holds for salts derived from strong acids. The 
hlhium and sodium .salts arc readily soluble, the aiiumnium salt 
(nc’cdlc.s) slightly soluble, and the potas.'^ium and rubidium sidts 
sparingly soluble in cold water, Tiie rid)idium salt consist.s of 
colourless needles Ics.s* soluble tJjan rnbidium hydrogen tartrate. 

* In estimating flic metal h\ ilio sudium and pot!is.-iiuni salts, very careful 
a'atiiig is necessai-y to fo'oid sudden deflagration and consequent )o.s.s. 
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The caesium salt (colourless needles) is exceptional, lio'vever, foj 
is almost as soluble as the sodium salt. 

The magnesium salt is very soluble; the hariim. salt (neecllesji, 
slightly soluble in cold and readily soluble in liot water. 

Deriratives of l^-Nitro-o-crcsol-O'Sulphonic Acid. — b-Chlor()-5.jii{pp^ 
?rt-sulphonyl chloride (20 grams) was boiled with exees.s of sodium, 
liydroxidc solution (100 c.c. of 12 per cent.). The liquid rapkHv 
became a clear deep red and after four hours portions of tht 
resulting solution (A) were diluted and treated Avith the fol]ou% 
reagents : — 

(1) . Potassium chloride solution. Xo j)reci]htat-e was obtained, 
but when the mixture was treated with two drops of a solution d 
sodium b-chloro-5-nitro-/»-toluenesulphonate, the corrospondinj 
potassium salt separated at once. Hence the .solution (A) contaiir-rl 
no appreciable quantity of sodium b-chloro-o-riitroo/otoliieiie 
sulphonate. 

(2) . Hydrobromic acid. Tlie solution became yellow and a 
precipitate was formed Avhicli dissolved on warming. The solutkc] 
was free from sulphuric acid. Bromine water was added andili'- 
mixture boiled, when a small amount of solid sejmrated and siilphurk 
acid was produced. 

(3) . Dilute nitric acid. When (he acid solution was cautiously 
warmed, a reaction took place at 90 — 95^ a large (piantity of a yelb- 
oil separating. Heating at 90 — Do"' for t wo minn ies made t he reactkni 
(in which sulphuric acid was produced) alinosl quantitalive. IV 
oil solidified on cooling, and crystallised from alcohol in pale yelldw 
needles melting sliarply at 85’d\ This substance dissolved iii 
sodium liydroxidc solution AA'ith an orange colour and Avas sliglitly 
Amlatile in steam. These and other properties indicated that tk' 
substance aa'Rs 3 : .>dinitru-o-cresol, and this deduction Avas con- 


firmed by direct compiari.son with an authentic specinu'n (m. p. i 
and by the method of mixed melting points. 

(4). Hydrocliloric acid and a concentrated solution of ferric 
chloride. The solution on boiling became dark and an odour 
similar to that of p-benzotpuinone became very pierce [it ihlc. 

These expieriments sullieiently justify the eonsti(iiiion a.ssigiiC'J 
to the chioronitrotoluenesuljihonyl chloride melting at 49— -id • 

Salts of 'S-yitro-o-vrrsol-i)-sid phonic Acid.- Tdie differences in 
the colour and solubility existing bet ween the neutral and acid 
salts of 3-nitr()-0'Cresol-.>sulp)lmnie acid cause them to possess .''Oiik 
interest. 

The undiluted remaining solution (A) (90 c.c.) was cooled aii' 
kepot over-night, and the sodium salt (about 12 grams) was oollecte*' 
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in thick orange-red prisms, wiiicli dissolved readily in liot and less 
rradilv in cold water to form a I'od solution. 

The neutral harhem salt, obtained by double decomposition from 
the sodium salt, is a scarlet powder sparingly soluble in water, hot 
(ircold. It can also be juTpared by mixing a solution of the acid 
barium salt with baryta water (Found: in anhydrous material, 

— 3d'3. CbHj^OfiXSBa requires Ba 37-3 per cent.) 

The neutral had salt consists of orange, microscopic cry.stals 
sparitidy soluble in hot and almost insoluble in cold water. 

The acid sodium salt separates as rnirud/q colour le.s.s crystals when 
a moderately concentrated solution of the neutral sodium salt is 
acklilicd with sulphuric or hydrochloric acid. Its solul)ility in 
water is of the same order as that of the neutral salt. 

'riie acid harimn salt can be obtained cither by the action of 
hydrochloric acid on an aqueou.s suspension of the neutral salt or 
hx douhle decomposition from the acid sodium salt. When the 
second method is used, the barium salt rapidly crystallisc.s in 
characteristic spherical clustcr.s of colour] o.ss needle.s slightly soluble 
in cold and readily soluble in boiling water [Found : in anhydrous 
material, Ba 21*9. (C;HgOgXS) 2 Ba requires Ba — 22-4 per 
cent,]. 

The acid sih'er salt forms colourlc.ss nccdle,s moderately soluble 
in water. 

Sum mary. 

(1) . 6-('hloro-m-(olucncsulplionyl chloride i.s converted by nitra- 
tion with mixed nitric and sulphuric acid.s almost entirely into 
(i-chloro-d-nitro-w-toluenesulphonyl chloride. Tiiis substance is 
readily transformed b}" boiling sodium hydroxide solution into the 
neutral sodium salt of S-nitro-o-cresol-o-sulphonic acid. 

(2) . The result of the nitration of O-chloro-m-toIuene.mlphonyl 
chloride ajid of 2-cliIoro-p-toIuenesulphonyi chloride {Davies, 
loc. at.) indicates that the chlorine atom has, as far as nitration i.s 
concerned, a much greater directing clTect in this type of trisubsti- 
tufed benzere derivative than is generally supposed. 

The author wislies to make aeknowledgmcnt to the Ramsay 
Memorial Fellowship Trust for a Fellowship ^\■hich has greatly 
facilitated lliis research. 


Tul; Dysox Pfrhixs L.-^noiuxonv, 

O.XfOKD. 


'RrccircfL Fcbruarif 1922. J 
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LXXXVIIL — Pijridiniim Salts derived from so}nc 
Oh loroac€tylaminO‘Coriipou7id s. 

By Edward de Barry Barnett and Jai\[es Wilfred Cor,,^ 

The preparation of i)\TidiiiimD sails derived from chloroacetylairint, 
compounds was undertaken witli tiie view of studying the tinctorial 
properties of azo-dyes containing this grouping, but it was fouiKj 
that both the chloroacctylauiino-compounds themselves and tiio 
pyridinium salts derived from them are so easily liydroivsed ihii^ 
dyes containing this grou]) would be valueless. 

Pyridinium salts derived from eliloroacetylamino-eoinpounds; (t, 
not seem to have been described ju’cviously, and hence it lias Ik^h 
considered worth while to publish <a short description of Mjiiir 
tA'pical compounds of this class. 

Chloroacetyl derivatives of the amine.s luive been prepared liv 
several investigators (Meyer, Bar., 1875, 8, 1153; Eckenrotli and 
Donner, ibid., 1890, 23, 3287 ; Stolle, ibid., 1893, 47, 2120 ; Wallach. 
Annalan, 1882, 214, 221; Frerichs, ibid., 1887, 241, 211 ; Tommasi. 
Bull. Soc. cJiim., 1873, [ii], 19, 400 ; 20, 21 ; Abenius and Widniami, 
J. pr. Chem., 1888, [ii], 38, 299; Deutseh, ibid., 1907, [ii], 76, illi ; 
(lohnson and Cramer, J. Amcr. Cham. Soc., 1883, 25, 485, 491: 
Kuhara and Chikashige, Amer. Cham. J., 1902, 27, 0; Clarhc, T.. 
1910, 97, 429) by the action of chloroacetyl chloride on primary 
and secondary amines, and those deri\'ed from primary aminos arc 
I'cmarkablc for the irritant effect that they have on the Aim. They 
are much more easily hydro]y.sed than tlie corresponding acetyl 
compounds, hydrolj-.As being effected in nearly every case ty 
warming with dilute sodium carbonate solution. In this re.^pcci, 
tl'e chloroacetyl derivative of 2-aminoantlii-a(iuinone is particularly 
remarkable, as it is hydrolysed by merely boiling for a few minute 
witli alcohol, and a sample which had been rc crystallised from thk 
solvent was found to contain 20 per cent, of the free iirimary amine. 

The chluroaedyl derivatives of the primary amines, when warmed 
with a solution of calcium liypochlorite, pass into the carbylaminc, 
and the corresponding i)yri(linium salts do the same, although nn 
trace of carbylainine ran be detected when acetanilide is treated 
with a hypochlorite. 11ie production of carbylainine and the cite 
with which the ehlm'oacotylamino-compouiids undergo hydrolwi^ 
suggested that they might have the azo-metliinc structme, 
ArN:C(OH)-CHA,T, and thi.s^'e'ceivcs support from their physiologic^ 
action, as irritant ju'operlies nearly always appear when a halogoi 
atom is conjugated with a double bond or with an element 
residual affinity. Xnmerous attcnij^ts were made to Cbtahlhi 
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correctness of the azo-metliiiie structure by the preparation of an 
O-methyl ether by the action of methyl sulphate on oochloroacrt 
anilide, but in every ease negative results were obtained mving to 
liydtolysis taking place and to the formation of resinous matter 
Previous investigators have always prepared cl.loroacetvl com- 
jKiunds by the action of 1 inolceule of ehloroacetyl ehloriilo on 
■1 iiiolceulea of tiie amino-eompound, anliydrous ether or benzene 
being used as a solvent, and this method is quite satisfactory when 
.lealiug with inexpensive amines and with amines which give easily 
colublc hydrochlorides. Only half the amine is converted into the 
cldoroacctyl derivative, and in the case of an amine such as 
p-toluidine. which gives a sparingly soluble hvdroehloride the 
liui-iaeation of the resulting chioroacetylamino-compoinKl may he 
troublesome. Much better results have been obtained bv earrvinc 
out the reaction in the presence of quinoline, as under fhe.se con 
dilions the whole of tlie amine is converted into its eliloi-oacefv! 
derivative, and as quinoline hydrochloride is very easily soluble in 
Add water the purification of the product is easy .\,s a solvent 
dilorofoKn is much to be preferred to cither itlier or benzene 
living to Its dissolving the iiuinoline hydrochloride formed and in 
ill e,ase.s, except where otherwise stated, the following procedure 
■vas adopted. The amine {O'O.-i gram-mol.) and 7 grams of quinoline 
vere di.s.solved in oO-lOO e.c. of dry chloroform, and 6 grams of 
lioroaccly ehlonde diluted with 20 e.c. of chloroform added drop hv 
Imp. the whole being well shaken and the flask cooled under the lai. 
ir by immersion in ice-water. After keeping for one to two hours 
le eliloroform w as removed by distillation from the water-),, ail, ami 
e oily or pasty residue poured into cold, very dilute hvdrochlorie 
ud. After shaking for a few minutes, the ehloroacetyl" compound 

m’fiii ? 

sohent! “ 

fn all cases, the pyridiniuin ehlorides were very ea.sih- obtained 
^uiming the chioroacetytainino^'onipoLuid on tlie later bath 
about twice its weight of pyridine for Imlf an horn A«e: 
%, the exees,s of pyniline was removed by washini. wjtJ, 

;diu.r:!r“ i "i 

ehloridi. h , ir ’ soluble, from hot water. The 

Id, rystalUse extremely well, and as the rlilorine ns ioui.s , 

-IC oM^e t'f ’T *l‘‘' 

soluble n aJiiine.s, diie pierates are spavinedv 

-ystalbno an!l ea^It 

It Avn s +1 * ^ f Usually have sharp melting points. 

loug It of interest to prepare one or tv o pyridiiiimn salts 



79-1 


BARNETT AND COOK : PYRIDINIUM SALTS 


from the chloroacctyl derivatives of the phenols, it being intoixbfl 
to extend this work to the chloroacetyl derivatives of tla* caHjr, 
hydrates and more particularly of cellulose. Shortly after tliK, 
experiments had been commenced, a paper appeared })y anotb-r 
investigator (W. L, Barnett, J. Soc. Chem. Ind, 1921, 40, 2,V] 
280 t) dealing with the action of chloroacetyl chloride on ccIIuIom! 
in the presence of pyridine, and we have therefore abandoned our 
n vest igat ions in this direction for the jj resent, 
AcetaniUde-id-pijridinlum. cMorid(’, OgH-'NH'CO'CH^’XCliC.H. 
forms colourless needles from a mixture of alcohol and ether, m. i' 
240^^ (Found : Cl ~ 14-2. f rc'rfinres Cl = 14 3 p.p 

cent.). The picrate crystaliise.s from liot ^\■ater, in whieh it i, 
moderately soluble, in lemon-yellow needles melting at B14' (Fouiui- 
\ — 16*3. CicjHj^OgNrj requires X — 15 '9 per cent.). 

. 1 ceio-o- tohidide-i>}-p}/ridi n iu m Ohio rid(\ 

C^H-'XH-CO'CH.-XCliC-H-. 

— The crude product was dried in a vacuum desiccator over conofii- 
trated sulphuric acid for four days, and the still soft mass dissoivod 
in chloroform containing about 1 per cent, of alcohol. KtheiMvu^ 
added to the filtered solution until it jirst became cloudy, arultbi; 
whole cooled in ice. The compound melt.s at 187" (Found : (1.-.; 
11-2. Cj4Hj-OX/T31l20 recjuires (4 ~ 11-2 per cted.). The 
pkmk crystallises from hot water and melt.s at 171 172'" (Kound; 

X = 15-9. fho^nOgX- requires X -= 15-4 per cent.). 

Acf’lo-\)-ioh{klidc-ts^-l)l!i'{d\HiU}n chlonde crystallises from nii.xtim- 
of alcohol and ether in pearly leaflets which melt at 23!i— lid:] 
(Found : Cl = 13'4. require.s Cl -- 13‘5 per cent.;. 

The pkratr cry.stallises from l)oilinor water in glistening, golden- 
yellow needles whieh sinter at Ib'r and melt at 14 F (Foimfl: 
X = 15T. (.hQH^-0gX-,H20 requires N = 15T per cent.), 
in - A" { I roaci tnnilidf •o)-ppridnuu)i) chfortd(\ 

X(VC^HpXH-C(>CHrX(‘l;(lH.„ 
separates from hot water in almost colourless ( lystals wliieh melt aiKl 
decompose at 2S8 — 291' (Found: (‘1^ IMl 
require.s Cl — 1 1'4 per cent Tin* picraff forms pale yellow nccdlts 
which are but sparingly soluble in lujt water and melt at 199- ■■-iifi 
(Found : X IT'O, Cjsilf^^OjoNp, I'ccjuires X = 17-3 per cent.]. • 
p-Xiiro(tcd(inilid<:-u)-p>jridiuiu)ii chlondr erystallise.s from hot ^oi1cr 
in hair-like, ])a!e yellow needles which melt and decompose at 
271-272'' (Found: Cl-- IIT. Ci.jHi.f ^XTCl rwiuircs (1-121 
per cent,). The picrafr neseitibh's the chloride in ajipearance and !> 
sparingly soluble in hot water, It sinters at 207 ' and melts at 311 
(Found : X = Ir-l requires X - ■ Hdl per ceid-l 

The tkiratf' is pi'eei])itatcd when nitric acid is add(‘d to a solution c 
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tlie cilloricle, and although sparingly soluble is too soluble to be of 
.,nv use for tlie gravimetric estimation of nitric acid. 

CioH7*^H-C(>CH/XC1:CVH„ 

vtf<i rates from a mixture of alcohol and other in of>lourlcss crystals 
which melt at 242° (Found: Cl — 11'7. Cj-H^-OX^Cl rcq[iiires 
('[ -r- 11-0 per cent.). The picrafe separates from boiling water, in 
which it very sparingly soluble, in glistening, yellow needles 
which melt at 228° (Found : X = ]4'4. CCjHi^O^X- requires 
X = 14-3 per cent,). 

Anlo-?j-n(^pf<lhalide-o)-pijrid{7iiuni chloridr separates from a mix- 
ture of alcohol and ether in colourless ciystals which melt at 
: 14 (l -241° (Found: 01 IM), C^.H^_^OX^C1,2>00 requires 01-- 
II -2 per cent.). The picrale is very sparingly soluble in boiling 
water and melts at 174—175° (Found : X = 14-4. O^.jHj-OgX- 
m|iiiros N = 14-3 per cent.). 

lU‘hloroacefi/lami)wazoh(>nzcne, C^llyXIX-CyH^-X H-{ 'O^CH^Cl, 
fnrm.s yellow cry.stals from boiling alcohol and melts at 154° 
(Imuud : X ^ 15-3. OijHj^OXgOl requires X 15'3 per cent.). 
Che pifridimum chloridr erystalliscs from a mixture of alcohol and 
other in small, yellow needles which molt and decompose at 250°. 
It has no tinctorial propertifc\s (Found: X — 15'8. 0X^01 

requires X — 15-!) per coait.). 

4- ( Vdoroaco/ i/la mi n onapkiha hnc-\- ozobc tizc n e, 

o,H3-x:x-Ci,h--xH'CO-cic(i 

is iK'.st crystallised from methyl ethyl ketonc' and forms beautiful 
orangc-ivd needles which melt at 217 — 218° (Found: X -= 13’1. 

requires X — 13-0 per cent.). The ppridinium cblorkh 
is formed .slowly and several hours' heating on the vater-bath 
Ls iit'C'e.ssary to produce it. It is best purihed hy dissolving the 
crude product in a large volume of boiling alcohol and eonceni rating 
the filtered solution to about half its volume, On adding ether and 
cooling in a freezing mixture, the chloride separates as glistening, 
orangc-rcd needles which melt and decompose at 254°. It has no 
tinctorial properties (Konnd : X — 14-1. CXoHjj^OX^Cl requires 
X — 13'9 per cent.). 

[)-Chloro((cd i/kt m i nopJicHi/l chlowaceiafc, 

CH,C1TXH)*C,;H,-XH*{;0-CH/'1. 

is formed vhen p-aminoplienol is treated with ehloroaeetyl chloride 
and ((uinoline in chloroform sol ut ion. It crystallises from aqueous 
alcohol in colourless, silky needle.s which melt at 170 -ITT' (Found : 
X - 5-4. C'loHjjOyXX'l^ rec^uires X — 5'3 per cent.). As it is 
insoluhle in cold dilute sodium Imlroxide, one of the clihiroaectyl 
g^nlpi;^ has probably ix'placcd tlie phenolic hydi ogen atom. A 
ini'idinium salt could not be obtained in a state of purity. 
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Aceiyld ipke n cUoride , 

(CeH5)^N-00‘CH2‘NCl:C5H5, 

separates from a mixture of alcohol and ether as a colourlcx< 
crystalline powder which melts at 263— '267^^ (Found : Cl ^ iQ-f' 
CigH^^ONoCl requires Cl ~ 10 '9 per cent.). The picrak is von- 
sparingly soluble in hot water and forms small, yellow noedjK 
which melt at 225— 220 ^ Several attempts were made to e.stiiiiai,. 
the nitrogen, but in every ease the substance exploded. 

%CMoroaccii/laminoanihraqmnone, Ci4H702‘NH'CO‘OH2(l— 
grams of 2-aminoanthraquinoric * v’ere dissolved in 50 c.c. of boilini; 
tetraehloroethane, and to the cooled solution 10 grams of chlcirn. 
acetyl chloride and then 8 grams of quinoline were added. As 
soon as the quinoline was added the whole became warm and a 
clear solution was formed, from which yellow crystals were depodtei 
on standing. After keeping ()^'er-night, those were c(dlccted with 
the aid of the pump, washed with ether, and reerystallised fron; 
ethyl or amyl alcohol. The resulting crystals were bright searln, 
and analysis showed that they contained about 20 per cent, of free 
aminoan t hracpiinone. By washing th em rapidly with a large voliiine 
of w'arm acetone, this could he removed and the chloroacetylaminii- 
corapound ol)tained as a yellow powder which melted at 189— ]!l(i 
(Found: C-OS'O; H 3'7S. CigH^^O^XCl require.s 0^641; 
11 ^ 3-33 per cent.}. The jv/ridinhiiti chloride is formed in {h 
usual way by warming on the water- bath wa'th pyridine. It i> 
moderately soluble in iiot water, but could not be obtained jiiiiv 
as oil coolin<^^, it separates from its solutions in the colloidai state. 
The nitrate is much le.ss soluble than the chloi'ide and is preeipitatei 
when nitric acid is added to a solution of tlie eliiaride. It l.vea.dlv 
soluble in boiling water, but the aqueous solution, on cooling, seh 
to a gel It was I'ecrystallised from dilute nitri<‘ acid and tkti 
formed an indistinctly crystalline powder which melted and decom- 
posed at 26.-) -267^ (Found : N == 0‘0. C2iHi,0,X,.H20 require 

X 9-q per cent.). The picratc is almost insoluble even in iK-iliim 
water and melts at 257— 2581 It could not be crystallised, but a 
sample which had been well washed with hot water .seemed to ir 
pure (Found : X ^ 12-1. requiresN - 12-2 percent.!. 

The dirhromak form.s an ins()iul)le, yellow powder which does imt 
molt [Found : C'r - 1 1 '6. {( liHi,()oX2)/*^207,CH20 ivaiuires (r - 

1 1 '7 per cent.]. 

Aclioii of (ihloroa cetyl Chloride on BrnCidine , — Attempts made te 
prepare a monochhmoaeotyl derivative' oi benzidine by treating 
benzidine in chloroform solution with chloroacetyl chloride, idt mi 
without the addition of quinoline, invariably led to a yellow prnt mi 
* Kindly .sn])i)liod by Sootti.sh ])ye.s, Ltd. 
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which ^vas completely insoluble in ail the usual media and could 
nut be recrystalliscd. The substance appeared to be quite unaffected 
liV bailing with dilute sodium hydroxide solution, and its formation 
uus probably duo to both the chlorine atoms in the chloroacetyl 
('liloride having reacted with the two amino-groups in benzidine. 

Bv treating benzidine (9 grams) suspended in a large volume 
(.XX) c.e.) of dry ether with an ctliereal solution of 0 gi-ams (tf 
chloroacetyl chloride, the whole being well cooled in a freezing 
miiture, an impure product was obtained which appeared to contain 
a chloroacetyl derivative. Tliis, wlion heated with pyridine (two 
parts) on the water-batli, gave a product which was ])artly soluble 
ill alcohol. By precipitating the alcoliolie extract with ether, a 
irroy substance was obtained which decomposed too rnjiidly to 
allow of its purification. It was solulile in ^Yater, and by tn’ating 
the a(}ueous solution with dilute hydrochloric acid and sodium 
nitrite and then pouring into an alkaline solution of ti-naphthol, a 
deep red dye was obtained which was easily soluble in w'ater. It 
was too unstable to be purified, and resinified in a few minutes. 

Fhenijl acetate tji-])(/ridi)iium chloride, (.yi-,-0-CO-(.:K.,’XCl:C;jH-, 
is formed w'hen phenyl eliloroaeetate is heated on the water-bath 
i\ith an equal weight of pyridine. It crystallises from alcoliol in 
colourles,s needles which melt and decompose at Ifid — 168^ (Found : 
(.'I — lO'd. C^3 Hj 202NC1,5H20 requires Cl = lO’d per cent.). 
fj-Xaphfhyl oceiate iD-pi/ridinium chloride, 

CioH/0-CO-CH2*XCl:C,Il5, 

is obtained in the same way as the |)hcriyi compound. It forms 
colourless iieedhs which melt and decompose at 16!) — 170^ (Found : 
Cl — IIT. C\.,H^202N(.'1,H20 requires Cl — IFO per cent.). 
o-Acetoxybenzoic Acid w-Pyridinium Chloride, 

C02H-C,Hp0-C0«CHyXCl:C5H3. 

—.Salicylic acid (II grams) was converted into its chloroacetyl com- 
]K)und by boiling for three hours witli an equal weight of eliloroacetyl 
chloride di.ssolvcd in 80 c.e. of benzence The solvent wa.s then 
removed by di.stillatio]!, and the pasty residue waslied with light 
petroleum and several times with water. The resulting oil would 
not crystallise and was therefore converted into the pyridinium 
chloride in tiie usual way without fuj’ther purification, and this, 
recrystalliscd from a mixture of alcohol and ether, formed colour- 
less needles which melted and decomposed at KJo — 108” (Found : 
Cl - ID'S. C.i,II,.20jXCl,2H20 re(iuires Cl — lO’S per cent.). 

Bkpartmext of Ouoanic Chemistry, 

Sir John Cass Technical Institute, 

Jewry St., Aldgate, Lonuon, E.C.3. [ Eecvivid , March VM , 1922.] 
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LXXXlX.—The Action of Potassium Iodide and 
on some Hydroxy-acids. 

By Sri Krishna and Frank George Pope, 

During the course of some work, Kiix's method of cstimatino 
carboxyl {Z. anal Chem., 1893, 32, 129) was applied to tlieca^e 
of salicylic acid and it was found that the amount of iotli^^ 
liberated fell much below the ({uantity demanded by the equation 
6R'C02H + oKI -f KIO 3 == GR'COoK + -f- SH^O, whiht i 

white or slightly coloured precipitate separated from the reaotion 
mixture. The reaction was consequently further examined in 
the case of salicylic acid and some other aromatic hydroxi’-add;;. 

The method of procedure adopted consisted in adding a warm 
(50—80") solution of the acid in small portions at a time to a Marm 
aqueous solution of the iodide and iodate (in the proportion^ 
demanded the above equation) and digesting the mixture on 
the water-bath for some time (usually about twenty miniitesj, 
During the addition process a considerable amount of iodine was 
liberated and in many cases carbon dioxide w’as apparontlv 
simultaneously evolved, After standing for the above time, it 
was found that the free iodine pre.sent had practically disappeared 
and that a faintly coloured precipitate had formed. This \vit> 
collected, washed, recrystallised from a suitable solvent (inuallv 
benzene), and then further examined. 

The reaction has been examined in the ease of salicylic aeki, 
jj-hydroxybenzoic acid, 3- and o-nitrosalicylic acids, anti ^:')- 
dinitrosalicylic acid, and it has been found that in each case the 
carboxyl group has been eliminated and the corresponding iri- 
iodophenol produced; thus briiigiitg the reaction into agreemnit 
with known cases, for it is well known that under certain experi- 
mental conditions halogens can replace the acidic groups in aromatic 
acids. Instance.s of this may be scon in the work of Datta and 
Bhowmik (J. Amer. Ch(:iti. Sue., 1921, 43, 303), who have shown 
that chlorine replaces the siilpho-group in sulphonic acids with 
simultaneous formation of chloro-derivatives, whilst Pope andlluod 
(T., 1912, 101, 1827) showed that on hrominating p-iiydro\y- 
benzoic acid in the presence of siiljihuric acid some tribromoplim'i 
^vas also obtained. 

In the work of Datta and Bhowmik it was found that the rcplaco 
ment of the acid grou]) takes ]ilace with ease in the case of chlorino 
and bromine, Init only under special conditions with iodine, furtlirt 
halogen atom.s then entering the complex. In this investigation 
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we have found that the action of potassium iodide and iodate 
on tlie hydroxy- acids was much more rapid than that of potassium 
bromide and bromate, and still more so than that of potassium 
chloride and chlorate. 

The. relative positions of the hydroxyl and carboxyl groups in 
the simpler acids seem to have no influence on the reaction, since 
the same product, namely, 2:4: 6-tri-iodophcnol is obtained from 
eitlier salicylic acid or jg-hydroxy ben zoic acid : 


OH 

OH 

OH 

- 

> 1 r ^ 

/\ 

- 1 1 

\/ 

I 1 ~ 

\/ 

1 1 

\ / 


I 

CO,H 


and the same tri-iodonitrophenol from either 3- or 5-nitrosalicylic 
acid : 

on OH OH 

CO^H. 


3 : o-Dinitrosalicylic acid yields similarly a tri-iododinitrophenoL 
TResorcylie acid apparently reacts in a normal manner, as does 
o-acctoxybonzoic acid. 

The reaction was also extended to anthranilic acid and to acetyl- 
anlhranilic acid, and in these cases direct substitution by iodine 
a])pears to take place without elimination of the carboxyl group. 

The identity of the products was in most cases determined by 
observing the mixed melting ])oints obtained with the same com- 
pound, prepared according to one of the already known metiiorls. 

Experiment a l. 

Saliq/lic Add . — Two grams of salicylic acid were dissolved in 
2.") c.c. of water, the solution warmed to 50^ and added in small 
(piantities to an aqueous solution of 10 grams of potassium iodide 
and 2 grams of potassium iodate, also at oOh Iodine was liberated 
and carbon dioxide evolved. The mixture was kept for twenty 
minutes on the water-bath, liie precipitate collected, washed, 
dissolved in a dilute* solution of sodiiun hydroxide, and repre- 
cipitated by the addition of dilute hydrochloric acid. It was 
again collected, washed, dried, and iinaliy crystallised from benzene, 
from which it separated in long, colourless needles melting at 158®; 
it thus appears to be 2:4: O-tri-iodophenol. A specimen mixed 
\vith tri-iodophenol showed no depression of melting poiid (l'\)iiiui : 
1 80*30. Calc., I — 80*72 per cent,). 


/NcOjH 

NO, 
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NO,l J 
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P’H ijdroxybenzoic add ^vas treated in exactly the same inanix.^ 
similar quantities being used. Tlic product obtained was ideiuiiibj 
as tri-iodophenol. 

'i-Xiiro- and Xnitro^salicijlic adds, by the same method of treat- 
ment, gave a precipitate of fine, red needles of the potassium 
of a tri-iodouitrophenol. Tliis was collected, dissolved in ^vau-r. 
and decomposed by luAlrochloric acid. The phenol obtained wa, 
reerystallised from benzene, from which it separated in 
yellow ])iates melting at 148h Trom the analytical data obtaintii 
it would appear to be a tri-iodonitroplienol, possibly 2 : .j ; 
iodo-3-nilrophenol (hound : I — 7344; N — 2*92. Calc., {- 
73.09; X ~ 2*70 per cent.). 

o : 5-l)fnitr(mUc}jHc add, by a similar process, deposited roi 
needles of the potassium salt of a tri-iododinitropheiiol. The salt 
was dis-solved in water, and on acidil leaf ion of the solution the 
phenol was obtained. It was reerystallised from betjzoiio ('ji 
toluene) and .sei^arated in glistening plates winch melted at 10.3 
(Found: I — G742; N--4-74. Calc., I ^ C)7'70 ; N ^4-08 percent.). 

AnthranUk- 4 eh/ .—Using the same method in the case d 
authranilic acid, it was found that the solutiinr remained oli-ar 
after warming, but on the addition of a few drops of hydroclilorie 
acid a lemon-yellow precipitate was thrown down. 4 his was 
collected, washed, dried, and reerystallised from benzene, se])aratin;: 
from the solvent in needles medting at 2USh It would thus appear 
to he identical with {3)-3-i(.)do-2-aminobenzoic acid, melting at 
208—209", since no depression of melting point was observed 
when the two compounds were mixed (Found : I - 48-03 ; N - ylt 
Calc., L - 48-28; X - 5-32 per cent.). 

AretyknifhraniUc add behaves in the same maimer, a hrouii 
precipitate being obtained on warming the solution. This wiu 
collected, washed, dis.solved in dilute sodium carbonate solutiniL 
and repreeitiitated by the addition of hydrochloric acid. Ibt 
jiroduet was collected, dried, and reerystallised from benzene, 
from which it separated in colourle.ss, shining ])lates melting at 
I7.J’. It is aiiparently an ioduaeetylanthranilic acid (loniid. 
I = 41-10, CyH^OgXI requires I -- 41-50 jicr cent.). 

It is hoped to eontiniic the work and to characterise the lodc- 
phenols ol>tained. One of us (S.K.) desires to e.vpress his thaiik> 
to the Committee of Scientitic and Industrial Ilcseareh for a giant 
that has helped to defray expenses, 

E.wst Lonuon CouLKUj; - -7 1 ' 

(UxiVKR.SITY OF Uonuon), Jh'CCict d, Apfn > 
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Mixed Crystal Formation in Tomary Systems 
confaining Water, Ammonium Chloride, and Fer- 
rous, Cohaltous, or Nickel Chloride, 

By Frederick Willia:m Jeffrey Clendixnen. 

The relationships found in tlio system ammonium chloride- 
manganous chloride-water (Clendinnen and Bivett, T. 1921 
119, 1329) have suggested the advisability of a comparative .study 
of those cases in which bivalent manganese has been replaced by 
(livaleiit iron, cobalt, or nickel, neighbouring members of the same 
scries in the ])eriodic classification. The present paper gives the 
experimental results which have been obtained. For brevity, 
double salts will be indicated, as before, by adjacent numerals 
giving the relative numbers of formula weights of components in 
tlic order XH^Cl, MCI-,, and HgO. 

A certain amount of work has ^meviously been carried out by 
other observers, but none of it i,s sufficiently complete. The 
cobalt and nickel sy.stcms have been studied inost, and a douldc 
salt. 1:1:6 has been descriljcd for each case. Tiie chief references 
arc to Adams and .irerrick [Chem. 1872, 25, 187), 3iitchell 

(dre/a Fham., 1876, 209, 178), Chas.sevant (.4;nn Chhn. Phjs., 
1S93, [vij, 30, b), Johnsen {Jcihrh. Min., 1003, 2, 03), and Foote 
[J . Anw\ Chem. Soc,, 1012,. 34, 880). 

Foote (/or. cii.) worked at 25^, but did not complete the isotherm 
for cither system . He shovxyl that a series of mixed crystals 
composed of ammonium chloride and the di hydrate of the metallic 
chloride is formed in each case. The itppearance of the hexa- 
hydrates as stable phases at 25" cuts oil the imxod czystal form- 
ation at one end just as did the appearance of manganous chloride 
tetraliydrate at the same temperature in the otlier ease (Clendinnen 
liJid Rivett, lac. tit., Fig. 2, p. 1333). 

^ Very little indeed has been done on the .systejn containing 
ktTous chloride. An anliydrous double salt 2:1; 0 has been 
ncntioned by a number of workers. Friend's " Text -book of 
ffiorgaiiie (..hennstry gives the following references : Winkler, 
yp. Pkinn., 1836, 59, 171. .8ee also Hisinger and Berzelius, 
Mkrts Anmkn, 1807, 27, 273; Vogel, J. pr. Chem., 1834, 2 
l-li; Chas.sevaut, loc. cit. 

To htudv the mixed crystals series, it is nocessarv to choose a 
temperature above that at which hydrates liiglier thaii the dihydrate 
60 Jum been ehoseii for the cobalt and 70" for the nickel 
iron .systenus. As a matter of fact, the transition points 
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iK'tvcen the various hydrates of ferrous chloride have not been 
u'curately determined, and although, according to figures in 
] -uidolt-Bornstein-Roth Tables, the dihydrate is tlie stable phase 
•G 70^ it has been found that the tetrahydrate is still stable at 
this temperature, although fortunately it obscures only a small 
puition of the mixed crystal series. 

^ The experimental procedure has been similar to that in the 
revious work on the manganous system {loc. cit.). Tables I, II, 
uid III give the results which have been obtained, and in Pigs. 1, 

Fig, 1. 



2, and 3 these results arc plotted in the customary triangular 
method. 

With regard to the compositions of the mixed crystals in these 
systems, Foote's work {loc. cit.) indicates that they can be repre- 
sented by points on the lines AD at 2o'k Analysis of several 
dried samples confirms this for the higher temperatures. 

It is seen that the ferrous system (Fig. 1} is very similar to the 
manganous system ; if, however, the 70°-isotlierm of the former 
is compared with the GO^-isotherm of the latter, it is observed 
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that one of the gaps in the series of solids, namely, that near the 
ammonium chloride end, of the manganous system has no counter 
part in the ferrous system, there being an unbroken series of solid- 
in this region. It is thouglit probable that this difference will 
disappeai’ if the comparison is made at corresponding temperaturfv 
A comparison bet\^-cen the ferrous system at 70° and the colial’- 
at 60° shows a similar difTereneo : here it is the second gap in 
solid series which is involved, the mixed crystal series in the cobalt 

Fio. 2. 



system at Od' being eonlinuous from ammonium chloride to cobalt 
chloride diliydrate. correspotiding with a continuous solubility 
curve. 

For a part of this series, however, shown with dotted tic lines 
in Fig. 2, tlie system is metastahle, although easily attained. Ihe 
stalde state is that of a .series of solutiojis in equilibrium witii a 
mixtal crystal series having the very limitt'd range of eompositieii 
EF. It will be .seen that the composition corresponding ^'itli 
’2 : 1 : 2 lies within this range. The metastahle portion of the maw 
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curve was obtained by reJ])oviiig the mixtures from the thermostat 
liours after their immersion. Mixtures of similar comiiosiliou 
to these, when rotated in the thermostat for upwards of one day, 
were found to have resolved themselves into solutions on the second 
(^urve and solids in the new state. It was found impracticable 

Fro. 



to determine completely this stal)le curve, owing to the long time 
iiecessary for the change from metaslable to stable at points close 
to the ini Ci sect ions of the two curves. 

The results of a closer investigation of these tiiul of other closely 
allied systems will be given in a later communication. 

in conclusion, I desire to ex[)ress my tliaiik.s to Dr. A. C. I>. 
Hivett, whose criticism was invaluable throughout. 

ica.l March Md , 1922.] 


Umvcrsity of Melbouhnl, 
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XCT. — A?i Instance of the Apparent Effect of th 
Entering Group on the Position of SubstUnim in 
(he Benzene Nucleus. 

By William Davies. 

It is usually considered that in substitutions in aromatic compoutKls 
the position taken up by a new group is almost independent of tlif- 
nature of that group. Whilst this assumption seems to be jiistitied 
in simple cases, there is reason to believe that the effect of tlie nature 
of the new substituent may in complicated cases be far from 
jiegligible. For example, it has been shown (Davies, T., 1921^ 
8r>9) that nitration and chlorination of 2-chlorO'p-toluenesulphonvl 
chloride lead respectively to the o-nitro- and the G-chloro-derivativIs 
as chief products. 


CH, 

CH, 

CH, 


/Nci 

cv 


\ j UsSO, 

\0 ' ‘ 

SOX'l 

«O.Cl 

SOd’l 


(Xir.) 



With the object of pro\’iding, if possilde, a basis for generalisation, 
the eoniparative effects of (lie j lit ration and chlorinatitm of 2-chloro- 
4-nitrotoluene (I) have been studied. This substanee wa.s chosni 
both because of its analogy to 2-chloro-p-toluciiesulphonyl chloride 
and because it ha.s already been nitrated by Morgan and Drew 
(T., 1920, 117, 793), who sliowed that (If) was produced in a yield 
of more than So per cent. The experimental portion of this paper 
is concerned with the chlorination of (f) under conditions approxi- 
mating as closely as possible to those obtaining in tlie nitration 
(Morgan and Drew, loc. cil.), and it ha.s been found that the expected 
irregularity lias again occurred, a comparatively large proportion 
of (III) being formed. It has unfortunately not been possible to 
find the exact proportion of the isomerides produced, hut the 
isomeride which crystallises at the ordinary temperature in a yield 
exceeding 30 per cent, is (III). Tire melting point of this substance 
is Co^. Since this value is only slightly higher than the melting 
points (50“-51" and 5D respectively) of the other two possible 
isomeride.s (IV) and (V) (comi)are Cohen, T,, 1901, 79, 1130; Colien 
and Dakin, T., 1902, 81 , 1327), it is very probable that the separation 
of (III) in such large amount indicates that this is the chid 
product. 
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The chemistry of (IH) and of its simpler derivatives, and at the 
same time the proof of the formula assigned to it, are indicated in 
the following diagram. 
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Additional evidence in favour of formula (TIT) assigned to the 
dichloro-]Miitrotoluene isolated is to l.)e found in a consideration of 
the melting points of the coiTOsponding tolnidines. The nieltitig 
jwints of the amino-derivatives from (IV) and (V) are 91~— 92^ 
and 40—42'^, rospeetively (Cohen, and Cohen and Dakin, /oc. cit.). 
The amino-derivative (VI) described in tlie present communication 
jiielts at 50 — 57°. 

The literature does not seem to supply any analogous instances of 
the entering group apparently affecting the position of substitution. 
Beilstein and Kuhlberg {Annakn, 1868, 146, 327), indeed, claimed 
that the chlorination of benzal chloride and of benzotrichloride in 
tlio presence of iodine resulted in the pi'oduetion of para-cliloro- 
derivatives, whilst nitration with concentrated nitric acid led to 
raeta-nitro- derivatives. This statement, at any rate as far as 
benzotrichloride is concerned, is not borne out by recent experi- 
ments. By nitrating with nitrogen pentoxido in carbon tetra- 
chloride, Spreekles {Ber,, 1919, 52, 315) obtained ?/?-nitrobenzotri- 
clilorirle as chief product, but by chlori nation in tlie presence of 
iodine a mixture of isomerides was formed, and it was not possible 
to find the one occurring in greatest amount. 

A po5.siblc explanation of the difference in the position of sub- 
stitution in the nitration and chlorination of (I) may be ascribed to 
the pre.seiice of a catalyst in the latter reaction. Since position 
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isomerides arc rarely, if ever, in true equilibrium, it is quite (.thi. 
ceivable that a certain catalyst may accelerate the formation of 
one isomeride at the expense of another. With the view of testing 
this liypothesis, tlie chlorination of 2 -chloro-4-iiitro toluene in 
presence of different catalysts has been studied. If Ihehypotlii.sis 
is correct, it is to be expected that the pro[)ortion of “ favoured “ 
isomeride will not be independent of the nature of the catalyst. 

The comparative experiments carried out did naturally not admit 
of very exact treatment , lint it was shown that the proportion of (iJIj 
separating out of the reaction product was the same, within the 
limits of experimental error, wlicn ferric chloride and when antimoiiv 
trichloride were the catalysts. The use of aluminium amalgam 
resulted in the com])osition of the product of reaction approaeliiim 
more clo.sely to that of a eutectic mixture. The greatest diflVroiicc 
was obtained uhen iodine was the catalyst. In this case, however, 
some substitution in the side chain had apparently taken plaei' 
and this unexpected result brought these comparative oxpenm(‘ni> 
to a close, with the effect of the catalv'st on substitution still ii\ 
doubt. It i.s hoped that tins important point will be studied intlm 
near future with the aid of aromatic substances containing no suit- 
chain. 

It must be pointed out that the condition.s of nitration and chlorin- 
ation are at first sight scarcely conq^arablc, for sulphuric acid h 
ii.sed in the first i)roccss but not in the second. 'Ilie action d 
sulphurie acid in affecting the p(isitioM of substitution apparently 
depends, however, on the initial formation of a salt (compare 
Armstrong, T., 1887, 51, 589; Morgan and ('layton, T., 1910. 97, 
2049). Hence, as neither 2-ehloro-4-nitrot()luene nor 2-clilorn- 
p-toluenesulplionvl chloride contains a basic grou]>, it is extremely 
improbable that the sulphuric acid has any direct ivc effect in these 
particular instance.-. 

The effect of the catalyst and the nature of ( he entering siihstilueiit 
arc the remaining possible explanation-, and tlic author is of the 
opinion that the first is tlie correct one, Assuming that tlie dilferem'e 
found in rhlorinating (I) in the prc.scnce of antimony trichloride arid 
of iodine is allogctlum due to the entry (d chlorine in the side chain 
wlicn iodine is the catalyst, then it is extremely probable that tiU 
po.sition of nuclear suh.stitution will also, in these complex Oiwe.'. 
depend to a eonsiderahlc extent on the catalyst employed, h 
jnay thus he po.ssible to obtain one ov other of two positiutt 
i.somerides as chief [)i'odi.ict in chlorination, according to the catahd 
used. 

Whilst admitting the proliahle effect of the catalyst, it iinid '■ 
borne in mind tlnit in complicated eases such as those imdci n 
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cussioii, where the infiuejices of the substituents act more or less 
a^Taiiist each other and doubtless more or less neutralise each other, 
iris to be expected that the influence of the nature of the entering 
,rroup ^vill be comparatively large. Two indepcaideut theories which 
liavo recently appeared (Vorlilnder, Ber.^ 1910, 52, 263; Lapwortb, 
|/(W. MancJmtcj Phil. Soc., 1920, 64, ii, 1) agree in regarding 
nitroxvl and halogens as possessing opposite polarity. This view 
inav afford an explanation of the difference in position of substitution 
ill the chlorination and the nitration of (1) and (XIl,). A logical 
fNpIauation cannot be I’omid by a consideration of tlu' difference of 
iisoleeular volume between a nitro-group and a ehlorine atom, 
Por example, although a nilru-grou]) has a larger volume than a 
cliloriue atom {Le Bas, The Molecular Volumes of Licpiid ('hemieal 
Coiiipouiids.'' 191o, p. 249), nevertheless in the nitration of 2-nitr()- 
p-(oluenesiilphonyl chloride (Kevcrdiii and (Tepieux, Brr., 1901, 
34 2992) and of 2 : 4-dinit rotoluene, the entering iiitro-group 
<)ccuj)ie.s the 6-po.sition in both cases, and this is the same position 
relative to the methyl group tliat is mainly occupied by cdilorine in 
the chlorination of (1) and (XIl). 

Ill this connexion refertmeo must hc^ made to a statement in a 
reeeut paper (Fraser, this vol., p. 18S) dealing with tlie strueture of 
(he benzene molecule. It is there elaimed (pj). 19o, 196) that 
substituents of small volume such as hydroxyl- and amino-groups 
teiul to direct to the ortho- and para-positions, and, on the other 
liand, .substituents of largo volume siieh as the nitro- and sulpho- 
gi'ou])s direct to the meta-positions. Such a statement i.s misleading. 
The nitration of tcrt.-butylbenzene (Malherbe, Bcr., 1919, 52, 319) 
and of ]ntrjluenesulphon-o-toluidide (Morgan and Challenor, T., 
1921, 119, 1544) loads almost entirely to derivatives in which the 
nitro-gronp occupies the para- and not tlie meta-position to the 
siil)stituent which ha.s a molecular volume (Le Bas, op. cif.) about 
as large as that of benzene itself. Many oilier similar authenticated 
instances, such as the nitration of acyl-substituted amino- and 
hydroxy- derivatives of benzene, indicate that the " polarity ” 
(Lapwortb, loc. cil.: Annual Beports, 1919, 16, $9) and not the 
volume of the substituent is the deciding factor in substitution. It 
may very well lie thai in vicinal tri- and tetra-substituted benzene 
derivatives the volumes of the groujis will have considerable effect 
on the position of substitution; but it has yet to be proved that 
Fraser s statement holds for monosubstituted benzene derivatives. 

K X P E E I M E N T .V L . 

2-Ciiloro-4-nitrotoluene was obtained by the chlorination at 
Co- -75'^ of p-nitrotoluenc containing 5 per cent, of antimony tri- 
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chloride until the increase in weight corresponded with mouf,. 
chlorination. The product was freed from antimony trichloride 
as in the preparation of 2-chloro-_p*tolucnesulphonyl chloride 
(Davies, loc. cit.y p. SBO), when 2-chloro-4*nitrotoluene, boiling at 
257—26(^/756 mm. and melting at 62—65°, was obtained in a yield 
of 95 per cent. 

2-Chloro4-nitrotoluene (233 grams) was mixed with antimony 
trichloride (16-5 grams) and chlorinated at 60 — 70° until the increase 
in weight (45' 8 grams) corresponded with the entrance of one atom 
of chlorine. The reaction took place very smoothly and the heat 
developed was snfiicicnt to keep the mixture at the temperature 
stated. ^Vhen allowed to remain at the ordinary temperature, the 
product partly solidified, and after three days the solid was collccM 
It consisted of slightly impure 2 : 6-dichloro4-iiitrotoluene melting 
at 54—62°, and weighed 87 grams (31-2 per ceni. of theory). When 
crystallised from alcohol, it melted at 63—65°. 

The li(puid portion of the product was separated from antimony 
trichloride and hydrochloric acid in the usual way, and distilled at 
757 mm. The first fraction (15 grams), b. p. 261—267°, contaiitei] 
a large proportion of unchanged 2-chloro-4*nitrotoluene. Tii- 
other fraction (125 grams) boiled at 267—280°, and on remaining 
at the ordinary temperature for several days deposited ahont 
12 grams of rather impure 2 : 6-dichloro-4-nitrotoluene. 

It may be noted that when jMiitrotoluenc is cliehlorinated under 
conditions similar to those deseribed above, slightly impure 2:6. 
dichloro-4-iiitrotolucnc crystallises out in a yield of more than 30 per 
cent. 

^"arious attempts were made to separate the mobile mixture d 
isomcrides boiling at 267- 280\;757 mm. Distillation, fractional 
distillation in steam, and crystallisation were found to bo ibclcw. 
Since it is to be expected that 2 : 5-diehloro-4-nitrotoluene would 
be more readily oxidised than 2 : G-dichloro-4-mtrotoluenc, tire 
separation by preferent ial oxidation with boiling potassium perman- 
ganate solution in jrresenco of carbon dioxide was attempted, but a 
negative result was obtained. Boiling the mixture with amluii; 
with the object of converting the 2 : 5 -dichloro-derivativi; (whicli 
contains a chlorine atom ortho to a nitro-group) into 2-chlorp4- 
nitro-5-phcnylaminotoluene was also unsuccessful, as it was itn- 
possible to obtain a crystalline substance from the tar prodiim ■ 
Reparation by means of sulphuric acid as solvent was aBo form 
be unsatisfactory. 
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The Effect of Different Catalysts on the Chlorination of H-Chloro^ 
i-nitrotoluene. 
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of the 
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90 
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In each of these comparative experiments two-thirds of a gram- 
niol. (114-3 gram.s) of the same sample of 2-chloro-4-iHtrotolnene 
(l:i. p. 257— ■2C0'^/756 mm.) was chlorinated in dilfused daylight at 
60—70’' until the increase in weight (23 grams) corresponding with 
iiionoehlorination was attained as closely as possible. In every 
case, chlorination took place most readily at first. It is noteworthy 
that the chlorination product dissolved (except when iodine was the 
catalyst) a considerable amount of hydrogen chloride. A portion 
of theisomeride crv.stallising out in each case was purified and shown 
to be 2 : 6-dichloro-4niitrotoluene by determini]ig the melting point 
when mixed with an authentic specimen of this .substance. 

In the first two experiments no attempt was made to .se])arato 
the small amount of catalyst used, wliicli remained in the liquid 
portion of the product. In the e.\]jeriment with aluminium amal- 
gam, the chloi'ijiation product set to a viscous mass almost like a 
gel, and it was impos.sible to filter it in tlu> ordinary way. The 
solid portion was obtained b}’- allowing the mass to remain on a large 
porous plate for twenty-four hours, when the oil was gradually 
absorbed. The solid jmrtion was extremely impure, as was shown 
by the melting point and by the fact that a large proportion of oil 
was produced during crystallisation from alcohol. 

^\ith iodine as oatah^st, the liquid product, after remaining for 
two days, was washed successively with watci’, a solution of sodium 
hydrogen sulphite, and watej', and extracted with benzene, the 
c-^tract being then dried over sodium sulphate and the benzene 
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rcmovecl The clear red residual oil, which fumed a littlo in 
despite the thorough v'ashing and drying, was separated into t^vo 
fractions, b, p. 273—283“ (80 grams) and 283—295“ (25 grams;' 
hydrogen chloride was produced in the distillation of both fraction' 
and the residue in tlie flask began to decompose vigorously, 
over, the second fraction was not produced wli on the reaction li(|ui,| 
with antimony tricldoridc as catalyst was distilled (see, above) 
These facts seem It) indicate that the toluene derivative had, wben 
iodine was the catalyst, been chlorinated to a certain extent in the 
side chain. 

The first fraction, after remaining for twenty-four hours at b—li!- 
deposited 1-85 grams of impure 2 : 0-dichloro4-nilrotaliicjir 
melting at 50— GTb The chlorination was repeated with 2-() grann 
of iodine, and the rc.sults \\ ere almost identical with those obtaiiud 
when 1’5 grams of iodine were used. 

AVhen this series of experiments was begun, it was not aiitieipatol 
that the chlorine, under the conditions of the experiment, mniM 
enler the side chain at all. Iodine is generally regarded as a 
eatalvst for introducing chlorine iiilo the nucleus only.* Since thi- 
formation of a relatively sniall proportion of the ben/.yl ehlork!;; 
derivative might affect very considerably the proportion of 2:ij. 
dichloro-4-iiitrotoliiene separating out from the chlorination product, 
this investigation was brought to a close with the qiieslioii at kui- 
slill unsolved. 

2 : i)-Dichloro-i-ni(wtoIii( nc (111) crystallises from alcolio! orlidit 
petroleum (of high b. p.) in thick, colourless, faintly odorous, 
blunt needles, which melt at 05“ and boil ^\■ithol!t decoinposilloi; 
at 278 — 279' /TOO mm. (Found: 01 — 34*05. O-H^O.^XOb reqtiirts 
01 ^ 34-40 per cent.). It is very stable towards potassium per- 
manganate .solution, no derivative of benzoic acid being produced 
after boiling for six hours in the ])rescnce of carbon dioxide (which 
was imed to reduce the formation of stilbene derivatives to a 
minimum). 

2 ; 6-/>/f.’///om-3 : UUnitrotoIuaie (VII). — 2 ; O-Dichloro-l-nitro- 
toluene (5 grams), mixed with 10 c.c. of nitric acid {d 1 -5) and 10 ee 
of concentrated siilpliuric acid, was heated with fre{[nent sliahiiig 
on the water-bath for an hour, when crystals rapidly separated in 
the hot solution. The nitration mixture was poured into water, 
and the precipitate (5-2 gram.s) crystalli.scd from alcohol. TC* 
DicMoro-'6 : 4:-dinilroiolue}}(^^. is moderately soluble in boiling an 
slightly soluble in cold alcohuJ, from which it separates in Ion?; 

Compare Wcyl, Mctljodeii der Oi'ganischen t'hemie," vol. ii. P- 
Jn thi.s connexion, :t should be notieud that ‘ uhnlicdi’ {loc. cit., p> 
second line from tl)e bottom) h a mistake for “ nieht iihnlich. 
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olouliess, odourless needles melting at 130—131^ (Found : X = 
C-HA^A requires N = IM per cent.). 

•>”' e.DicJiloro-iUoliddine (VI) —A mixture of 2 : C-dichloro- 
4 -uitrotoluene (15 grams) with water (150 c.c.) and (ineiy divided 
iron filings (dO grams) was heated under rcilux at 05'', removed from 
file water-bath, treated with concentrated hydrochloric acid 
(It) C.C.), and well shaken. A vigorous reaction soon set in, and a 
further 15 grams of the nitro-coinpound were added at such a rate 
dvit the ebullition was maintained. The reduction was almost 
lini<!ied in a quarter of an hour, and was completed hy healing for 
-in Imur on the walcr-bath. The product Avas filtered !iot, and the 
\reeipitate extracted with a little hot alcohol, which was added 
to the filtrate. The oily sohilion in the iiltrate rapidly solidified 
on cooling to a pale yellow solid (10 grams), which was collected. 
The vield can he increased to 22 grains hy treatment of the filtrate 
and unchanged iron with alkali and subsequent distillation in 
steam. 

■} : i\-Diddoro-\i-tolui(lhie crystallises from dilute alcohol or light 
petroleum in colourless luaMlles medting at 50 - 57" (Found: 
y 7 . 9 _ CJItXClo requires X = 7'9 per cent.). It is extremely 
soiiihle in alcohol and .slightly volatile in steam. Its faint smell 
recalls that of p-tolnidine. The liijdrochlorkk is reaelily suhihlc 
in hot and si)aringly soluble in cold water, from which it separates 
in long, colourless needles. The neefy/ derivative, obtained in the 
usual wav, crystallises from diliito alcohol in colourless, slender 
needles melting at 220" (Found ; X = 0-2. r^^qibres 

X 04 per cent,). 

2 ; produced as a crimson 

(Kiwdcr hy adding the dilute hydrochloric acid solution of 2 : 6- 
(lieli!orotoluene-4-diazomuni liydrochhu'idc to an alkaline solution 
of fMiaphthol, crystallised from glacial aeetie acid in minute, 
crimson rods melting at 243". It is slightiy soluble in boiling 
acetic acid and in boiling alcohol (Found ; X — 8-03. Ci7Hj40X2Cl2 
roquire.s X 8*45 per eeiit.). 

t\{^-Dk}ihro-'^-miro-]}-iohikUnt (\TTf)- — Finely poAvdered 2:6- 
dichloroaceto-p-toluidide (0 grams) Ava-s slowly added to nitric acid 
(3(1 c.c. ; d 14!)) cooled in ice Avater. The nitration li([ uid Avas stirred 
after each addition until complete solution took place, the experi- 
ment being of an hour s duration. The clear red solution Avas 
poured into Avater, and the white, flooenlcnt mass (7-9 grams) 
collected and crystallised from alcohol. In this Avay 2 : ^-dicJdoro- 
’knitroacdo-j)-toluklide was obtained in colourless needles (m.p. ISO ), 
difficultly soluble in cold and moderately soluble in hot alcohol. 
When heated Avith sodium hydroxide solution, a green coloration 
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was formed, which was rapidly replaced by a red coloration (Pound- 
N = 19-5. CgHgOgN^Clg requires N = 19*6 per cent.). 

Hydrolysis was effected by boiling this acetyl derivative f^r 
twenty minutes with a slight excess of alcoholic sodium hydroxide 
and then diluting the solution with an equal volume of water, 
excellent yield of 2 : minute, oran^. 

needles melting at 130—131°, was obtained (Found : X 
C7Hg02N2Cl2 requires N — 12-7 per cent.). 

The hjhochloride, which is produced from the free base by boiling 
with a large excess of concentrated hydrochloric acid, consists of 
clusters of colourless needles. It is sparingly soluble in concentrated 
hydrochloric acid and is at once hydrolysed by cold water. 

'^Corivemon of 2 : G-DicMoro-^-nitro-iUoluidine into 2 ; O-M/oro. 
3 : o~dinilrotolunie (IX).— A cold solution of 2 : 6-dichloro-3-nitro-]> 
toluidinc (2' 2 grams) in alcohol (40 c.c.) was treated with coiireii. 
trated sulphuric acid (3 c.c.) and then with a solution of sodium 
nitrite (1-2 grams) in 4 c.c. of water. The mixture was heated on 
the water- bath until effervesccnco had ceased, the acetaldehyde 
and most of the alcohol distilled off, and the product poured inlo 
water. The red oil, which rapidly solidified but did not melt sliarph, 
was extracted with warm 50 per cent, sulpliuric acid (in order to 
remove any unchanged amine), and the remaining dicbloronitro- 
toluene heated witli a mixture of nitric and sulphuric acids on the 
water-bath for ten juinutes, the product poured into water and 
crystallised from alcohol and from light pelroleiim, when it was 
obtained in coiouiiess needles melting at 121°. It was shown to he 
identical with 2 : 6-dichIoro-3 : o-dinitrotoluene (m. p. 120-121') 
by a mixed melting-point determination. 

^2 : O-Dm/doro-3 ; 4 ; o-ti’inilrohheiw (X).--\Vith tlie ol)jpct of 
preparing a derivative of 2 : fi-dichlorotolucne in which ]>oth the 
chlorine atoms would he in the ortho- and para-positions to nvo 
nitro-groups, and so migld be replaceable by amino- or other 
gi.Q^pg__and therefore might serve for the identification of any 
2 : 6-halogenotoluene— the continued nitration of 2 : 0-dichloi'o- 
3 : 4-diiiitrotoluene was investigated, Vigorous measures wore 
required for the introduction of the third nitro-gronp. 2:()* 
I)ichloro-3 : o-dinitrotoluene (5 grams) was heated with a inixtiiro 
of 3 c.c. of nitric acid {d 1-5) and 10 c.c. of fuming sulphuric acjd 
(20 per cent, SO.^) at 14(t— 1 50 q with frequent shaking, for sA houii. 
The product was poured into water, the precipitate (about a graw^! 
collected and crystallised from alcohol, from wliich it separate* w 
small needles melting at 115 — laa\ Crystallisation from 
did not a})jjrecia])]y affect the melting point. The siibstaucf 
accordingly nitrated once more under similar conditiom, 
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iiperature, however, being at 155 — IGo"*, and the product worked 

as before. In this way an odourless substance was obtained, 
*^Ii!T}iUy soluble in cold alcohol or light petroleum (b. p. 80—100"), 
|-f.rv soluble in benzene or acetone, and readily soluble in hot alcoliol, 
froni"''vhich it separated in small, colourle.ss needles melting at 
1(3(1-163" (Found : N = 14-7, requires X == 14-2 

^'^This trinitro-derivalive was heated for an hour on the water-bath 
^\itK cxce.ss of alcoholic ammonia, which reacted even in the cold. 
1 ’he dark red solution w-as evaporated to dryness, and thus found 
to have contained ammonium nitrite, but no appreciable (piantity 
of chloride. Xitro -groups, and not the chlorine atoms, had evidently 
<;'ilkTed replacement by amino -groups. The dark rod solid, which 
(li-olved completely in concentrated sulphuric acid, was precipitated 
oil dilution as an orange powder, which seemed, however, to be a 
mixture of bases, for crystallisation from alcohol failed to produce 
a ])iirc substance. 

SuravKiry. 

(1) The monochlorination of 2-ehloro-4-nitrotoluene with 
aiititnou.y trichloride or ferric chloride as cataly.st leads to a mixture 
of isomerklcs, from which 2 : 6-dichloro-4-nitrotolueno crystalli.ses 
out ill a yield of more than 30 per cent. A method of separating 
ihe i.soincrides completely has not been devised, but probably the 
diief jiroduct is 2 : 6-dichloro-4-nitrotoluene. 

(2) This result, when compared with the nitration of 2-chloro-4- 
iiitrutoliiene (Morgan and Drew, T., 1920, 117, 793), in which moro 
than 85 per cent, of the product is 2-chIoro-4 : 5-diiiitrotoluene, 
seems to show that cither the nature of tlie entering group or the 
(.atalyst employed in the chlorination lias a comsiderahle effect on 
tiiC' po.sition of substitution. It has not yv.t been possible to decide 
oil the correct explanation. 

The author is much indebted to Professor Lapworth, F.P.S., and 
i<i Dr. Hope for their interest in this investigation, and to Mr. Fred 
Hall for some assistance in the analytical portion of tlie work. His 
thanks arc also due to tlie Hamsay ^Memorial Fellowshi]) Trust for 
a Fellow.shij) which ha.s greatly facilitated this rcscarcli, 

lai; ijysoM I’errivs Labor.xtokv, 

OxiOKD. [I’cccivcd, I'chnrary \\jfli, i9-2.J 
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XCU—Consiltufion of PicrorocAdlin, a 

azlne Derivative from Roccella fuciformis. 

By Martin Onslow Forster and Wiixiam BRiSTcnv Saviup 

In reviewing the vast niiiidier of chemical individuals which haw. 
been isolated from liclien.s, tlie absence of nitrogenous conipounfi, 
is particularly noticeable. On tins account a special interim 
attaches to picroroecllin, the colourless, crystalline, bitti^r siihstiin-. 
obtained by Stenbouse and (Irovis {Annakn, 1877, 185, Ulfiwi;, 
Romlla fuciformis probably coming from the west coast of Afrity 
and giving indieatioii.s of having giwvn on limestone rocks. At il;,- 
death of Mr, (h E, Orovc.^ the collection of chemical materhh 
which h<> had assembled was presented to the Boyal Institiitiwn I,v 
the Alisses Grove.s; it included a specimen of picrorocellin. and liv 
the kindness of Sir James Dewar, to whom our thanks are due. ili 
has been entrusted to us for investigation. 

Sterdiouse and Groves ascribed to i)ierorocelliii the erapincal 
formula 0.,-H2^0-X3, and found that wlien heated with aqtionw 
sodium hydroxide it is convm'ted into a compoiiml which thy 
represented liy the expression ammonia being liberate!. 

They also found that hot glacial acetic acid containing a siiial! 
proportion of hydrochloric acid transforms the original sub^taiice 
into the ]iale yellow xantliorocellin, appearing to have Ihc (Wi- 
position Furthermore, they oxiilisetl xanllionwilin 

with nitric acid, oldaining bcnzaldehydt' and laaizoic acid, togrtlM 
with a yellow siilistancc which was stated not to Ix' a nitrobenzoio 
acid, and a sparingly soluWc, colourless eompound which was no! 
i dent i lied. 

Wliilst we confirm the foregoing results qualitatively, our own 
experitnents lun c h'd us to different conchision.s regarding dn 
formula. This is probably due to the fad (hat 8tcnhouso and 
Groves dried their materials at 100' before analysis and, a> will 
appear later, ,^■arying amounts of water and of metliyl alcohol iiw} 
have been thus removed from two of the eoni])oimds, Ihc aciuai 
composition of ]jicrorocellin is (^0110204X2, whilst the substann' 
oijtainablo by the action of aqueous sodium hydroxide, and pu" 
duced more economically by heating picroroceliin at tlic meltin: 
point, lias the composition G.^oiEoOgXo; we therefore propose d 
call this compound anhijdropicrorocclh u . Xantliorocellin has tw 
empirical fnnmila and is also produced by the lu®' 

protracted heating of picrorotadlin, which is thus dceomposec .n 
two stages involving the los.s of water and of methyl alcohol, reqicc 
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Itjvoly. This conclusion is coiifirmed by (1) the behaviour of di- 
motlivlpiororoecliin, 002^2604^2, which contains two methoxyl 
groups as against one in picroroccllin, (2) the presence of a single 
pK'tlioxyl group in luothylanhydropicrorocellin, and (3) the absence 
of tuetlioxyl grouj^s from xanthorocellin and methylxantlioroeelbn. 

Xlie oxidation of xanthorocellin with nitric acid yields benz- 
aklcliyde with benzoic and p-nitrobcnzoic acids, the last-named 
ihaving been overlooked because it forms with benzoic acid a mole- 
icutu- compound which obstinately defies ordinary methods of 
livsohUion into its components. The s]>aringly soluble, colourless 
icuinpouud noticed, but not identified by the previous inv('stigators, 
]i;r<the empirical formula C-H4O4N2 sublimes at 300'^ when a 
portion decomposes; whilst resisting hot nitric acid, it i.s very 
readily hydrolysed by dilutt^ sodium hydroxide, giving oxalic acid 
(:! niols.), ammonia (1 mob), and mcthylamine (1 mol). The 
flhseiico of methyl alcohol, formaldehyde, and formic acid as pro- 
ducts of this decomposition having been established, there does not 
appear to be any constitution alternative to that of 2:3:5; 6- 
trtrakcto-l-mctliylpiperazine (2:3:5: G-tetraketo-l-methylhexa- 
h vdro-l : 4-diazine), 


(fi) 


C0-X(CH3)'C0 
CO-NH— CO 


or 


(II.) 


CO-\(CH3)-CO 
CO — .\-=C-OH 


fil'd ohtaiiied by Dubsky {Ber., 19 IG, 49, 1039 ; 1919, 52, 21G), and 
curresponding with thetetrakctojiiperazine described by de Mouilpied 
and bale (T., 1907, 91, 176; 1909, 95, 510). This conclusion 
receives eonfirniation from the behaviour towards (1) aniline, which 
liherates ammonia, pro, Hieing oxanilidc and phonyloxamide, 
logetlier with a third siibstaiiei' which mav l>e uiisvmmetrical 
]-lienyhnelhyloxaini(]e, and (2) phenylhydrazine, which yields 
0-\al\ Ipnenj lliydrazidee ^Moreover, the corresponding oxidation 
priiduet from methylxanthoroeellin, having the emjiirieal formula 
■ is re.solved by dilute aqueous sodium hydroxide into 

<'xaho acid (2 mols.) and mcthylainino (2 mots.), whilst aniline 


iiiicrates mcthylamine and produces oxanilidc with symmetrical 
]'h(‘nyhiiethyloxatnide ; coiiscqnentlv, it ajipear.s to be 2 : 3 : 5 : C- 
tvtrakcto-1 ; 4-dimctliylpiperazine, derived from I. 
f fieneo it folio w.s that the constitution of inetliylxmitliorocclliu 
t lut of 2 . 5-di!veto-3 ; G-dibenzylidcnc-1 : l-dinietlivljupcrazim', 


(tii.) ^■g^^o<’h:o-x(oh,).c() 

C 0 -X{CI 13 ).C:CH‘C,H-/ 

-leunelusion which we have now confirmed by synthesis, for 2 : 5- 
diketo.3:G.dibenzylidenci)iperazine, the eom])ouiul obtained hy 
(Sen, 19::1^ 54^ condensing diketopijierazinc 
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(glycine anhydride) with henzaldehydo (2 mols.) yields a diim-t]., 
derivative which we find to be identical with methylxnnthorocFi’; 
Consequently, xanthorocellin is 2 : O'diketo-3 : h-dibenzvlidn 
1-inethyIpiperazine, " 

(IV,, c„ii5<;h:c-X(chj-co 

CO-XH-OICH-CjH. ’ 

which explains the production of benzaldehydc (2 mob) 
tetrakcto-l-methylpiperazine on oxidation with nitric acid xi' 
constitution of picrorocellin itself, however, remains mic-cr-;' 
regarding the position (1 or 4) of the lY-methyl group in the 

,V, C,H,-OH(0-CH3)-CH-X{CH3)-CO 

CO-XH— CH-CH(OH)-Cyr ' 

wilich, in all other respects, explains the behaviour of the siilKtan,,-. 
including its conversion into anhydropieroroeellin, 

(V, , C,H5.CH(0-CH3)-CH.N(CH3).C0 

CO-XH— CICH-CjH^ ’ 

at the melting point. 

These conclusions are further confirmed by tlie polarlmeui 
evidence. Whilst xanthorocellin (IV) and inelhylxanthoi’ocelja 
(IIT) are optically inactive, picrorocellin (V) Avith [.17]^ 4 -(- 
approaches internal compensation, avIucIi is profoundly disf iirU-i 
in anhydropieroroeellin (VI) AA'ith [M]^ — lo5S° and in inclliv'- 
anhydropieroroeellin, 

(VII) C3H3.CH(O.CH3).CH-X(CH3)-CO 

CO-XICIijl-tX'H-CjH^ ’ 

Avith [diJo —2314^, hecause in both compounds it Avill be seentha;, 
of the four asymmetric carbon atoms originally present in pinii- 
rocellin, the two which have been suppressed are botii situated on 
one side of the plane traversing the carbonyl groups. On the oili'.-r 
hand, it is clear tliat in dimcthylpicrorocellin, 

(Vlll) CeH5-CH(04:H,)-CH-X(0H3)-a) 

C0‘X(CIl3)-CITCn(0'CH3)*Cell5 ' 
there is a plane of symmetry passing through the carbonyl groups 
and therefore the condition of internal compensation previnii 
although four carbon atoms are asymmetric ; this is confirmed I'}' 
its optical inactivity. 

Reviewing these experiments, it seems probable that piU"- 
rocelhn is developed in the lichen by inter-molecular condensation 
of the tAvo a-amino-acids, «-raethylamino-j0-methoxy-;i-ph?'‘h‘ 
propionic, C6H5*CII(0-CII3)*CH(X1I-CH3)-C02H, and a-ambio-,> 
hydroxy- [i-phenylpropionic acid, CgH5‘OII(OH)*CH(YH2)*002H, u 
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of the col-responding acids in whi cK the A'-methyl group is t ransposed. 

the object of testing this conclusion, and simultaneously 
deciding the position of the doubtful A"-mcthyl group, we propose 
te attempt the synthesis of picrorocellin on the lines indicated. 

\t one time it was hoped that the point might be ascertained 
from the product of oxidising anhydropicrorocellin (VI). Having 
found tliat the methyl derivative (VII) is oxidised in acetone by 
potassium permanganate to benzaldehyde and 2:3: o-triketo-O- 
a-incthoxyhenzyM : 4-dimethylpiperazine, 

“ CcH5-CH(O-CH3)-9H-\(0H,)-CO 

^ CO‘X{CIl3)*CO ’ 

it was expected that hydrolysis of this compound would yield 
oxalic acid, methylamine, and K-mcthylamino-iS-methoxy-^-phenyl- 
pro]>ionic acid. Had tins happened, tlie cori’c.sponding procedure 
with anliydi'opicrorocelliii (AH) should have given eitlier the above 
ainino-acid, or K-amino-P-raethoxy-p-pbenylpropionic acid, thus 
(ktermining the position of the A"*metliyl group ; but, unfortunately, 
the only aromatic product of hydrolysis is, in both cases, phenyl - 
pyruvic acid. This must be due to removal of methyl alcohol, 
Iransforining the triketopiperazines into acyl derivatives of 
a-aminocinnaniic acid ; it has been obseiA ed on previous occasions 
(K, Ericnmeyer, jun., Bar., 1897, 30, 2076; Ruheraann and 
Stapleton, T., 1900, 77, 246) that such compounds are resolved by 
liycIroU^sis into phenylpyruvic acid, and thus a-aminocinnamic acid 
his hitherto escaped isolation. 

In conclusion, it is notewortliy that although W. Brieger’s com- 
pendium of lichen products, recently appearing in the Handbucli 
der hiologischen Arbeitsmethoden ’’ (H. Abderhalden), embraces 
loo compounds to which empirical formiilm liavo been ascribed, 
picrorocellin remains, as it was in 1877, the only one which contains 
nitrogen. 

Experimental. 

Picrorocelllfi, C 2 oH 2204 X ’2 (V). 

The better of two specimens in i\Ir. Groves's collection was rc- 
ciystallised from boiling alcohol, 5 grams requiring 60 c.c., and 
separating in massive, transparent, rectangular prisms melting 
hetween 190° and 220'^, according to the rate of healing, the melting 
point recorded by Stenhousc and Groves being 192—194° (Found : 
67'u; H = 0’3, 6-3; X-=8’0, 7-9; CHyO - S-8, 8-9. 
requires C -= 67-8 ; H = 6*2 ; X 7*9 ; iCTIg-O - 8*7 
cent). Picrorocellin is insoluble in cold, dilute aqueous acids 
or alkdlis, and resists the action of potassium permanganate in 
! acetone; it remains unaltered when lioated in aqueous 
I 
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alcohol with hydro xylam in e or phenylhydrazine acetate 
solution containing 0*0901 gram in chloroform diluted to 2 , 3 t-f. 
gave ajj 0" 30' in a 1 -dcm. tube, whence [ajo 12*5®, correspondip.^ 
with [d/]i> 44*3®. 

The second specimen, containing also colouring matters, fat. a,-,] 
another nitrogenous compound, was treated three times with boili),.-. 
benzene to extract the major portion of the colouring matters aid 
fat. The residue was powdered, and in quantities of 2o nrai]- 
treated with a mixture of alcohol (75 c.c.) and 10 per cent, aqiiof,);; 
sodium hydroxide (75 c.c.), which dissolved the picroroeellin; thi; 
was precipitated from the iiltrate l)y aeelie acid diluted with an 
equal volume of alcohol Jlcpetition of this proce.ss gave a prodne 
which required only one recrystallisation from boiling alcohol. 

DimdhylpicrorocelUn, C 22 H 2 g 04 N .2 (\TU).— Ten grams of pieiv,. 
rocellin dissolved in a mixture of 10 per cent, aqueous sodium hvcl:- 
oxide (30 c.c.) and alcohol (30 c.c.) were agitated with excess of mcilivl 
sulphate, when the dimethyl dcrivati\'e rapidly separated in qiian;;. 
tative yield as a colourless solid moderately soluble in hoilk 
alcohol, from which it crystallised in lustrous, transpareiit, clongiud 
prisms melting at 229® (Found : (1 ~ ()9’2, 69* 1 ; H -- h", fh: 
X = 7*C, 7*4; CHg-O — - 15*5, 15*7. C,„H.,g 04 X., requires C Ijiii: 
H = 6 *S; X-7*3; 2 CH 3-0 - 16*2 per The suhdaiKf s 

insoluble in cold, dilute aqueous acids or alkalis, and docs in- 
combine with hydroxylamine or phenylhydrazine ; it is opticslly 
inactive. 

Reduction of DimctJii/IpicrorocdUn . — After est imating the nietlinxyl 
content by the Zeisel method (at 140"), it was noticed that a Ntlii 
remained su.s])endcd in the hydriodic acid {d 1*26) ; this was filUTsi 
and extracted with aqucou.s potassium iodide, whicli diniinisliol il 
colour from l)luish-hlack to pale brown, recrxvstalli.'iation fn'iii 
boiling water giving minute, lustrous, colourless })late.s nuhin^ ;'-i 
105® (Found : C — 74*7, 74*5; H - 0*7, 0*7 ; X -- 8 * 8 . (lohjilA; 
requires C = 74 * 5 ; H -- O'S ; X = 8*7 per cent.). The .sui.)>t:iiia 
is insoluble in dilute, a([Ucous acid.s or alkalis, and does not .vw.: 
ammonia witli boiling 10 })er cent, aqueous sodium hydroxide, h 
dissolves in concentrated nitiic or sulphuric acid without cliaiip'- 
and it docs not combine with phenylhydrazine. It is to be regaak 
as 2 : 5-dikcto-3 : O-rlihcnzyl-l ; 4 -dimctliylpiperazine, 

J C,HvCH2-CH-X(CH3).CO 

CO-X(CH3)-CH-(.‘Hyl5ll5 

being subsequently identified witii tire ])roduet of reduemc: 
below) the dinrethyl derivative of Sasaki’s 2 : 5-dikcto*3 : (i-diheni'a' 
idenepiperazine. 
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Xnhfdropk^'Ofocdlbiy C2oH20^3^2 (^'^)- ricrorocellin svas treated 
^•jth aijout 10 parts of boiling, aqueous sodium hydroxide (10 per 
cent ) nntil the liberation of ammonia ceased and a clear solution 
^•iis iiroduccd. The solid substance precipitated by dilute sulphuric 
add ^vas triturated with a solution of sodium carbonate and recrys- 
lilli^ed, first from alcohol and then from ])enzcne to whicli light 
m'troleiun was added, separating in needles whicli melt at 
Found : C - 712 ; H = 5-8 ; N 8-4 ; 0H,-() = 9-0. 

C = 71*4; H -- 5-9 ; N 8-3 ; 1CH3-0 9‘2 per cent.). 
\ less wasteful, but more tedious, method of preparation consists 
ill melting pierorocellin in quantities not exceeding 5 grams, and 
then maintaining the temperature at 180" during five to ten minutes, 
■ai]iieous vapour being briskly evolved; the colour becomes deep 
'am her and the product, on cooling, sets to a transparent resin in 
ivliich er3^stals are embedded and which dissolves slowly in 10 per 
cent. a(jUCOus sodium hydroxide. The precipitate formed by acetic 
acid was boiled Avitli oO per cent, alcohol, which left a small propor- 
tkm of xaiithoroccllin undissoived, the anliydropicrorocellin crystal- 
lidng from the filtrate. A solution containing I'DlIh") grams in 
chloroform diluted to 25 c.c. gave — 18° 48' in a 1-dcm. tube, 
whence [7.]^ —463-7°, corresponding with —1558°. 

Mdhylanbjdropicrorocellin, produced by methyl sulphate from 
a sf^lutioii of anliydropicrorocellin in aqueous sodium hydroxide, 
was ciystallised from alcohol follow(?d by benzene to vliieli liglit 
jK'troleum was added, and separated in colourless jiri.stns melting 
at (Found : C - 72-3, 72*3 ; H = 6*1, 6-2 ; X - S’l ; CHyO - 
tS, S'S. C2iTr22f^3^^2 requires 0 = 72'0; H = C‘3; X~8-0; 
K'Hg'O = 8*9 per cent.). A solution containing 0*4991 gram in 
:‘lilorofoi'm diluted to 25 c.c. gave 7,^ —13° 12' in a 1-dem. tube, 
ivlicnee [aj,^ —6(11*2°, corresponding with [d/](, —2314°. 

XmtfhoroceJUii (2 : o-BiJeefo-'^ ; G-dibenzyUdrneA ■mf fhdpi nrrazinf-), 

(iV). 

As already stated, xantlioroccllin is produced by heating piero- 
moellin beyond the stage at which anbydi'{.>[.)iei'orocelli[i is formed, 
Itnt the more convenient method i.s that described by Stenhouse and 
Groves [loc. cit.), who added a few drops of hydrochloric acid to a 
•solution of pierorocellin in hot, glacial acetic acid, wlien a yellow 
mluuc was imiiiediatelv developed; after being boiled during 
tift ceil minutes, the iitpiid was poured into a large volume of alcohol, 
fmd the felted ma.ss of silky threads recrystallised from boiling 
Jk'ithol, by which the substance is dissolved very sparingU*. soparat- 
ing in long, faintly yellow, slender needles melting at 184' (Found : 
- ‘T2; H -= 5'i ; X = 9-2 ; CH^-X - 9-0." 
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quires C = 75*0; H = 5*3; N = 9'3; CHg^N = 9‘5 per cem. 
The substance does not contain a mctlioxyl group and is optica]iJ 
inactive. Although insoluble in cold, dilute, aqueous acids an'i 
alkalis, it forms a deep yellow solution in a mixture of 10 per ccq' 
aqueous sodium hydroxide and alcohol ; moreover, the substaj,,^ 
freshly precipitated from such solutions will dissolve in aquooij; 
alkali hydroxides. It is not beir/.oylated by the Schotten-l3aiiiujj.j,.j 
process, and does not combine with hydroxylaminc or pbtnfj 
hydrazine. 

MethylxantJiorocdlin (2 : : C)-dibenzijlideneA : 

pqyemzine) was prepared by heating dimethylpicroroci 
(2 grams) with acetic anliydride (15 c.c.) during four hours umbr 
reflux, the yellow solution being tlien poured into a large voktntof 
water. The pale yellow prisms obtained on adding water to a 
solution of the solid product in alcohol evidently contained solvent 
of crystallisation, showing signs of fusion on approaehing im-. 
resolidifying soon after 100^ and finally nielling below UOt On 
removing this at 100° and rccrystallising from light i)etrolcura, tk 
sub.stance separated in slender, very faintly yellow needles radtiii; 
at 143°. When prepared by the process ^\ hich converts picroroctllb 
into xanthorocellin, the product is usually sticky, and althoii;:! 
quite suitable for oxidation to tctraketodiraethylpiperazinc (.« 
below), the separation of methylxanthoi'occllin, which is probab'y 
contaminated with mcthylanhydropicrorocellin, becomes diilitii'; 
and wasteful (Found : 0 = 75'G, 75‘5; H — 5*6, 5“5; X -S";, 
CnQHjg02N3 requires C — Tom; II — 5'7 ; N — 8*8 per eeiii., 
The substance does not contain a methoxyl group and is optiraik 
inactive; it displays remarkable dimorphism, the abovc-raentionei 
needles, which attain half an inch in length, changing diiik' 
twenty-four hours into pale yellow’, transpareiit, rhomboidal pr» 
melting at tfic temperature stated. It was subsequently identitid 
with the product of methylating (see below-) .Sascaki’s 2 : o-diketo- 
3 : 6-dibenzylidcncpiperazine. 

Oxidation Experime nts. 

Xanthorocellin. — Five grams were dissolved in 10 c.e, of boilk 
glacial acetic acid and allowed to cool slnw'ly, the cold liquid tliii; 
remaining free from crystals ; 5 c.c. of concentrated nitrir acd 
having been added, there ensued on gentle heating a very vigoron.- 
action which required control by cooling at intervals. Meauvliik 
slender, colourless crystals rapidly separated, and w’heii action Iw 
been completed on the w’ater-bath the liquid set to a ^ 
paste on cooling. Thirty e,c. of alcohol having been added, uj 
solid {FG5 grams) was filtered, washed three times with 
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uantities of alcohol, and recry stall it;ed from boiling, glacial acetic 
n'd which deposited minute, lustrous, transparent, rectangular 
(Found : C = 38*6 ; H = 2*5 ; N - 18-1 ; CH3-X = 16-9, 
70 O5H4O4N2 (J — SS’o; H — 2-G; X — 17’9; 

g-(i per cent.)- The substance dissolves readily in boiling water 
lid separates in minute, transparent, four-sided prisms. It has 
(,t a definite melting point, becoming brown at about 280'’ and in 
iart subliming, in part decomposing, at 300^. Although differing 
oniewhatin this respect from tetraketometliylpiperazine as prepared 
rom oxalyl chloride and methyloxamidc by Dubsky [loc. cil.), 
dios(‘ product is described as beginning to decompose at 200'", the 
lehaviour on hydrolysis (.sec IjcIow) points unmistakably to that 
uhstiince having the conslltution 1 or II. 

Idle liltrate and washings from the foregoing compound were 
ubjected to a. current of steam, the alcob.ol being followed by 
x'tizaldehydo nhich was converted into the phenylhydrazone 
O'S eram). The acpieous residue yielded a jjalc yellow, cry.stallino 
.olid (2‘3 grams) on cooling, and it was only after accumulating 
,his jiroduct from a larger quantity of xanthoroccllin that its identity 
vas established. The difficulty arose from the fact, which does 
lot appear to have been recorded, tliat benzoic and p-nitrobenzoic 
leiils form a compound, in the molecular proportion 2:1, crystallis- 
ng from light petroleum and melting indefinitely at 182 — -108". 
The material obtained from xantliorocellin was recrystallised from 
wiling water and the product, melting at 192 — 208°, treated with 
iliglit excess of barium carbonate suspended in a moderate amount 
)f boiling water, ilie barium salt which crystallised from the filtrate 
)n cooling being that 01 p-nitrobenzoic acid. On acidifying the 
illrate from barium p-nitrobenzoato and recrystallising the preei- 
Ditate from water, in which it dissolves much more readily than 
o-iiitrobenzoic acid, the product melted at 174 — 184° and, after 
)rvsl<allisation from light petroleum, at 182 — 198° (Found: C = 
]1‘7; H = 4T ; — 3-4. CgH4(X"02)'C02H requires G--o0‘3; 

II -- 2'9; N = S'4. 2CgH-*C02H,('^,H4(X02)'C02H recjuires 0 -- 
}i’3; H — 4T ; X — 3'4 per cent.). Moreover, by mixing benzoic 
md p-nitrobonzoic acids in the proportions indicated, and crystal- 
king the product from the solvents mentioiied, an exacth" similar 
material was obtained, thus recalling the observation of SalkoMski 
1S7C, 9, 24) that when a mixture of the two acids (1 : 1) is 
ftcntralLsed with barium carbonate, a salt having the composition 
^G^.j*F02-Ba*C02*Cy;HpX02 is produced. 

^^('thijlmnlhorocdiin . — Proceediiffg as in the case of xantho- 
roeellin, colourless crystals rapidly scparatial from the mixed nitric 
and acetic acids : the,se having been treated in the same way were 
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deposited in minute, lustrous, transparent, rliomboidal platen 
hot glacial acetic acid (Found ; C = 42‘5; H = 3'5; X iipj 
06 ^ 564 X 2 requires C — 42*4; H ^ 3*5; N = 16*5 per ctm 
From the behaviour on hydrolysis and with hot aniline (soe l)^^-^, 
the substance must be regarded as 2 : 3 : 5 : 6 -/e/ratT/o.l ; 1 ’ 

,limdkij!pii)cra:!ne, “““ 

rise of temperature than the monomethyl compound, beginning.,, 
darken at about 340°, when a sublimate collects, and undergoiii'r 
general decomposition at about 360°. 

Ank}idropicrorocdlin—-A solution containing ! gram in oO,.,-. 
of cold acetone required about the same weight of finely poMdciuJ 
potassium permanganate to produce a permanent coloration, bin 
the final stage was not definite. On reducing with sulphurous acid 
the manganese precipitate suspended in water, there remained « 
white solid ^\'hic]l crystallised from boiling water in hislroa', 
transparent, six-sided prisms melting at 206° (Found: 

H = 5‘2; N--10*0; CH^-O - Il'O. C43H14O4X2require.sC:- 
60*5; II ==5-3; X-lOH; iGHgO - 1 1 'H per cent.). Thus i; 
is to be regarded a.s 2 : 3 : 5-/Ht-c^o-6-a-?nef/m.ry6cn.:2/^l(or 4:- 
inf.lhylpipemzine ; a solution containing 1*0067 grams in chlorofanr; 
diluted to 26 c.c. ga ve 0 ° 46' in a 1 -dcm. tube, whence [a],, , 

corresponding with [M]^ 48*7°. On evaporating the acetone then- 
remained crystals sus])endcd in hcnzaldehydc, and the latter haviiv 
been allowed to undergo oxidation in aii*, aqueous sodium carboiu.'; 
left undissolvcd a small quantity of michangcd anhydropicrorocellii]. 

^Iethylanh)/dwpir)vrocAUn.-- A solulion containing 1 gram n 
60 c.c. of cold acetone remained permanently pink when the Kan;;.' 
weight of finely powdered potassium permanganate had been 
added, the filtrate depositing 0*6 gram of colourless crystals hi 
evaporation. Light petroleum added to a solution of the substaii-v 
in benzene caused the separation of Jieedlcs in spherical aggicgato. 
or in transparent, rliomboidal platc.s when crystallisation vas taiu' 
(Found : C = 61*0 ; H = 6 * 6 ; X = 10*4 ; CHyO - iTlt 
Ci 4 Hi(; 04 X., requires 0 — CO’9; H = 6 * 8 ; X — 10*2; 

11*2 percent.). It melts at 176°, and is to be regarded as 2 ;X..'- 
triJceto-^-7.^mctliui'ybenziil-[ •A-dimethylpipcrazine (IX); a suluti'.- 
containing 0'4002 gram in chloroform diluted to 2 o c.c. 

Ku -0° 16' ill a l-dcm, tube, whence j>c]u -16*rr, correspu’n Hi: 
with [J/L-43-0L The precipitate from ^ which 
solution was filtered having been suspended in water am 
with srdpliurous acid, benzoic acid separated from the liquic • 
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Tran^^formaiions oj the Keloplperazines. 

tiifdrolysh^ of AVhilst readily soluble 

, ^liiute,* aqueous sodium hydroxide or carbonate, it is not repreci- 
, ‘filed by acids, and hydrolysis indicated by liberation of ammonia 
Imiidly becomes discernible. On distilling the solution in aqueous 
indium hydroxide, collecting the ammonia and methylamine in 
standardiiid hydrochloric acid, adding sulphuric acid to the liquid 
remaining in the flask, and titrating this with potassium perman- 
f'UiLite, the basic equivalent and the liberated oxalic acid were 
oaimated in one operation (Found: (y)2^71-l; X -= IS'C. 
(.’.H 1 O 4 X 0 requires 2 C 2 O 2 ^ 7F8; X = 17-9 per cent.). Although 
this result was confirmed by an e.stimation of the oxalic acid a.s 
calcium oxalate, it seemed advisable to examine the distillate for 
nietlivl alcohol and formaldehyde, whilst a search for formic acid 
was made in the residual liquid, A solution of the substance eoji- 
taining 1 gram in aqueous sodium hydroxide was therefore distilled 
iiLio dilute sulphuric acid, a portion (5 c.c.) of tlie distillate being 
found to remain colourless after five minutes' heating on the water- 
hatli with peptone ( 0*8 grain), hydrochloric acid (o c.c.), and ferric 
chloride (3 drops of a 10 per cent, solution) ; a negative result also 
followed the application of this test to the distillate after treatment 
with potassium permanganate, and the residual liquid, having been 
freed from oxalic acid, did not reduce mercuric chloride'. It was 
necessary to apply thc.se tests la'cause wc were long in doulit 
legarding the condition of one carbon atom ; determinations of 
J-metlyyl were persistently too low, probably because of the high 
temperature resisted by the substance. 

Action of Aiiiline on Tetrakclorncthylpiperazinr. — According to 


de Mouilpied and Rule {loc, cd.), tctvaketopipera/,ine itself yields 
an anilide, and this behaviour delayed our recognition of the 
compound CbH^ 04 X .2 as its methyl deri\'ative, because the substance 
b rapidly converted into oxanilide, plienyloxamidc, and a compound 
isomeric with phenylmcthyloxamide, but melting at 174". Two 
grains were heated with 15 grams of boiling aniline during three 
hours under reflux, the crystals which separated during the next 
^'wlve hours being filtered and washed with 5 c.c. of aniline and 


!<• e.c. of alcohol, The product (4 grani.'^) was extracted six times 
'btli. boiling water, which left oxanilide (2 grams) undissolved and 
hdXi.<ited crystals on cooling. The aniline-alcoliol liquor having 
X'cn subjected to a current of steam, the filtered residual solution 


nX'e cry.stals whicli were then associated with those .separated from 
' 1 C oxanilide and extracted with hen/.ene; this deposited minute, 
J'dc U'llow needles melting at 174°, and left phenyloxamide (m. p. 
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226^) undissolved, identity being established by analysis and tlit 
melting point of a mixture with the actual substance. In view of 
the copious evolution of ammonia during the action, we suspect 
compound melting at 174“ to be unsymmetrical phenyhnethvl. 
oxamidc (Found : C = GO‘9; H = 5‘4; N = 15*9. 
requires 0 = 00‘7 ; H = 5*6 ; N — 15-7 per cent.). It has not vet 
been possible to confirm this, because the substance does not appear 
to have been prepared, and an attempt to produce it by licatinw 
oxametbane with methylaniline took another course, vieldin? 
tetraketopiperazine ; but it is not symmetrical phenylmotlivt 
oxamidc (m. p. 187“}, a mixture A\ith that compound beghminir 
to shrink at 172“ and becoming completely fused at 180“. 

Hydrolysis of Tetrahetodimeikylpiperazine. — Although not sokiljle 
in aqueous sodium carbonate, the dimethyl derivative is rapidly 
dissolved by the hydroxide, and is completely hydrolysed to inctlivl. 
amine (2 mols.) and oxalic acid (2 mols.) on heating the liquid 
(Found: C202 ~65‘l; N — 10'4. CgHgO^Ng requires 20,0., 
65’9 ; N — 16*5 per cent.). 

Action of Aniline on Tdrakdodhndhjlpipcrazine. — Procecdiiig as 
in the foregoing case, oxanilide separated from the aniline on cooling 
whilst the more soluble product was found to be symmetrical 
phenylmcthylox amide, melting at 187“ (Found: C — G07; 
H~5‘4; N = LrB. 09 Hjq 02 N '2 requires 0 — 00'7; H - o'O; 
X = 15*7 per cent.) and not depressing the melting point of that 
substance when mixed with it. 

Hydrolysis of 2 ; 3 : 5-Trik'elo-i}-y.-me(ho:vybefizyl-l{ov 
piperazine (m. p. 206°).— Two grams were heated on the water- 
bath with 10 per cent, aqueous sodium hydroxide (40 c.c.) durint: 
one and a half hours, sodium oxalate separating in slender needles 
which changed to transparent fwisms, and methylaini?ie lieiiig 
liberated. The filtrate giving scarcely any precipitate with acetic 
acid was saturated with salt and extracted with ether, which 
dejrosited a small quantity of oily matter giving a green coloriitioii 
with ferric chloride. A voluminous precipitate then a|)])eaiT(l in 
the salt solution, and after recrystallisation from boiling nlcohel 
containing a little water was found to be sodium phenylpyravate, 
from w*hich the phenylhydrazonc melted at 100“ (Found : X -IM. 
Ci^Hi^O-jX^ requires X = 11*0 per cent.). An attempt to identify, 
by heating with ammonia, Uie a-amiiio-acid from which the triketo- 
piperazine is derived also failed, the substance being reeueered 
uiiclianged. 

Hydrolysis of 2:3:5- Trikeio - 0- a - mdJm'y benzyl -I : 1 -diincthtb 
piiperazine (m. p. 176“). — Two grams w*ere heated on the water- 
bath wdth 10 per cent, aqueous sodium hydroxide (30 e.c.) dui'iiisi 
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tu -0 hours, sodium oxalate separating and rnethylamine being 
liberated. On acidifying the liltrate with dilute sulphuric acid, the 
precipitate consisted of phenylpyruvic acid and melted, after 
crystallisation from benzene and light petroleum, at 154°, also 
developing the characteristic deep green coloration with ferric 
chloride (Found : C ^ 65-9 ; H = 4'9. CgHgO^ requires 0 - 65*9 ; 
H ^ 4‘9 per cent.). 

Melhylaiion of 2 : 5-Dihio-^ : -The 

piperazine derivative was prepared by condensing diketopiperazine 
(glycine anhydride) with benzaidehyde (Sasaki, loc. ciL), and the 
solution in equal parts of alcohol and aqueous sodium hydroxide 
(10 per cent.) was treated with methyl sulphate. The product 
liaving been crystallised from light petroleum melted at 143°, and 
was found to be identical, in all respects including dimorphism, w ith 
incthylxanthorocellin. 

B^duciiou of 2 o-Dikeio-^ : ^-dibetizylidtiiie-X : ^-dinuihylinpeMziue. 
-The synthetic methylxanthoroccllin, prepared as above, \vas 
reduced with hydriodic acid [d 1-26) at 140°, the suspended solid 
being washed and extracted with aqueous potassium iodide. After 
recrystallisation from boiling w\ater, it melted at 1G5“, and was 
found to be identical with the product from dimothylpicrorocellin. 

The foregoing experiments were made in the Davy- Faraday 
Laboratory of the Royal Institution. 

Roval Institution, W.l. Jkcclad , AprU ti//,, 1922.] 


^(lllL—Folynudmr Heierocydic Aromatic Types. 
Pari L Some IndenoquinoUne Derivatives. 

By James Wilson Armtt and Robeht Robinson. 

Tim application of the theory of partial valency to benzenoid 
^^ubstances (Robinson and Robinson, T., 1917, 111, 964; 1918, 
113, 640; Perkin and Robinson, ibkl, 1019, 115, 943; Robinson' 
Mem. Manchester Phil jSoc., 1920, 64, 4; J. Soc' Dyers and 
Col, 1021, 37, 77; Kcrmack, Perkin, and Robinson, T., 1921, 
119, 1607; Kermack and Robinson, this vol., p. 4:37) leads to the 
conclusion tliat many aromatic typos as yet unknown should be 
capable of existence, and in the iwesout series of investigations it 
is proposed to survey the field of the heterocyclic substances from 
this point of view and with the particular object of tlirowing light 
on the conditions underlying the manifestation of the phenomenon 
of cyclic conjugation. At the present time, autlicntic derivatives 
of pcntamctliine, (CH)-, the low’or ring homologuc of benzene, are 
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unknown, and there is reason to believe that this substance itstH 
is incapable of separate existence (compare Kcrmack and Robinsog^ 
he. cit.)> but, on the other hand, theoretical considerations iiidkai,; 
that in fusion with other ring systems such a nucleus might omir 
and, for example, in the forms : 

/\/\ A— I - n,A— . 

NR 

/ \ (TT.) (HI.) 

It should be noted that the hydrocarbon, obtainod tv 

tbe action of magnesium phenyl bromide on cliphcnsiiceindamlioiK' 
(Brand and Lud\\ ig, Ber., 1920, 53, [B], 809) may bo a rcprosciita. 
tivc of type II, but its broAvn colour and behaviour on oxidatioii 
arc in better accord with the intra-aniudar quinonoid fonmik IV, 


The unusual non -basic six-meiiibered and basic five-memlxTeil 
rings in I and lU occur together in methylharmine (Perkin anil 
Robinson, he. cit.), which is obtained by the dehydration of luumiix 
methohydroxide (VI), and it was therefore thought possible that a 
substance derived from pentamethine might he produced horn a 
quaternary hydroxide containing the group VII or an aualoguiis 
structure. 

/\ ^,/\ , \ /\ 

-rqMeoM. ]NMe|OH ^J^^IJnr)oB 

NH Me CH^ 

The most readily prepared compounds of this kind are tiic 
mctholiydroxides derived from indenoqninolines, and aecordindy 
these were chosen lor examination in the first place. Ihe fwi 
dciisation of amino])iperonal (Rilliet and Krcitmann,^ fldv. 
Ada, 1921, 4, 588) and a-hydrindoiie in cold alcoholic solution m 
presence of potassium hydroxide gave an unexpected result, 
the product was tlm unsaturated ketone (VIII), a bright iw. 
crystalline substance u hich was changed to the quinoline derivatm’ 
(IX) on boiling with acetic acid. 
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The decomposition of the methos-ulphate of this base with alkali 
in aqueous solution resulted in the production of a green precipitato 
of ambiguous composition, and an anhydro-baso could not bn 
isolated. This result is not surprising in view of the further observa- 
tion that the metho-salts of qnindoline (X), which is constitutionally 
related not only to the substance IX but, in addition, to harmine, 
also f^ave anomalous results on treatment with alkali. It is proposed 
toe.'^tend the investigation to analogous bases not containing benzene 
nuclei, but the preparation of these is a j natter of consi<lerable 
dillicidty. Aminopiperojial condenses normally with ^-hydrindono 
and the indenoquinolinc (XI) is directly obtained. 

NH 

/\/\/\/\ /O , /\ /\ / X 

(X.) Ill II CH / I I I I I (Xi.) 

\/\/ \/ ' 0 ^\/\/\/\/ 

K X CH, 


The metho.sulpiiate of this base on treatment witli aqueous alkali 
yields a deep purple, crystalline anliydro-base, which 

is reconverted by acid.s to the metho-salts of XI. On account of 
its remarkable colour this substance cannot well be regarded as of 
full cyclic conjugated type and tlie constitution XII is a.ssigncd to it. 


.0, 

CH,( 

(XII,) ^0' 



NMe CH 






^0 \ 


'1 I 


(Xiir.) 


NMc CMc 


The action of methyl iodide on this substance leads to addition 
to the nitrogen-ethylene system (compare Hamilton and Kobiiison, 
T., 1910, 109, 1029) with production of a racthlodide which, after 
conversion to the corresponding raethochloride, gives a purple 
precipitate of tlie base XIII on the adebtion of potassium hydroxide 
to an aqueous solution. The structure contained in these intensely 
coloured substances is of a quinonoid type and in them “X“ functions 
as “C-C- does in the true qui nones. Similar arrangements (both 
0 - and P-) occur in the cyanines and in many other substances 
(compare Docker, Ber.^ 1905, 38, 2493), and inight be termed 
azomid,'' * the true benzenoid character being then distinguished 
as azenoidB An interesting example of azenoid-azonoid tau- 

* Still iiioi'o complex structures of quinon<.>icl type arc contained in the 
f-yaiiine dyes dcri\ ed from benzothiazoles which have recent ]y Ik ou exajnined 
^'v Mills (thi.s vol.,, p. 4r;0}, In these substances, not only doe.s -N- replace 
die crossed double bcaid of a quinoiic, but in addition -S- replaces an etliyleiic 
liukagc of Uio aromatic ring. Tho typo is " ihia:o>iO(<r' and the further 
taeoretica! po.ssibilitie.s are denoted by tlic terms "oxonoid ' (o- and p-), 
ildoitoid ’ (o- and p-), '\Iioxono{d,'^ diar,onoid,’' " dilJiionoid,'' " thi- 
ommd:’ and - .'■rr,:o/toid - 

VOL. exxr. 
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tomcrism has recently been observed in the case of diquinoly], 
methane (Scheibe and Rossner, Bar., 1921, 54, \B], 451), '^vhich 
occurs in colourless azonoid (XIV) and red azoiioid (XV’^) modifica. 
tions, the former being the more stable of the two. 



Wc believe that the indenoquinoline (XI) exliibits an analogos],? 
phenomenon, and can occur, under appropriate conditions, in tlie 
azonoid form XVL 



When tlic base is covered with a little glacial acetic acid, the 
crystals become pale brownish- violet and the solution dull mauve- 
red. On heating, an intcn.se brownish-red solution is obtained 
and this becomes brownish-pnrplo and more intensely coloured on 
cooling. The addition of a mineral acid at once produces a t’ellow, 
fluorescent solution. With formic acid, the cold solution is orange- 
yellow and the hot solution brownish -red, resembling that in acetic 
acid. This behaviour is plainly due to the stronger acidity of 
formic as compared vith acetic acid and to the formate dis.-ociating 
to some extent at an elevated temperature. TIic equilibrium in 
acetic acid is, we imagine, represented by the scheme : 

XI CVH^02 Indenoquinoline acetate X\T Cyi/.i.. 

The solution of the base in phenol is yellow and non-fluore.scetit,aiiil 
this shows that a salt is not produced. 

Colorations similar to those described above were not obscrvnl 
in analogous experiments with the isomeric indenoquinoline (iXi. 
An account is also included of some indole derivatives d('i'i\ ed fiOW 
a- and [i-hydrindoncs. Attempl.s in progress to oxidise tmm' 
to bases containing the grouping typified in the expression HI. 


K X P E R [ .W E N 'X A L. 


(i-Adro-:]' : A'-Nufhylrni>dio.\ij-2-bcn:!ilidene^ 



QU, 

^,'AOo CO \/ 


A moderately rapid stream of dry hydrogen chloride was 
into a solution of a-hydrindoiie (13*2 graans) and nitropiperouti 
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(19-5 grams) in gkcial acetic acid {250 c.c.) during one and a half 
liours. On allowing to remain over-night, the condensation product 
separated in yellow, hexagonal prisms. It was collected and 
hvdrogen chloride again passed through the filtrate, wlnni a further 
orop was obtained, and this process was rej)eated until no more 
crvstals appeared on standing. The total yield amounted to 00 per 
cent, of the theory. The substance is sparingly soluble in hot 
■dcohol and is be.st rccrystallised from acetic acid (Found : C -= Od-O ; 

;p7; N — 4*7. requires C - 66*0; H =: 3*5; 

X — 4*5 per cent.). This coni pound melts at 182^ and dissolves in 
vulpluiric acid to a bright orange-red solution. 

Atlcinpt.s were made to produce the substance by tlic nitration 
iinclcr various conditions of piporonylidcnehydrindone, but this 
process was found to be unsuitable. The following is a typical 
c\[icriiueiit, Pipcronylideneliydrindone (from 13 grams of 
a-liydriiidone) was ground in a mortar with nitric acid (200 c.c. ; 
(I 142). The .substance partly dissolved to a blood- red solution, 
and before the whole had reacted the ni I I’o- derivative separated in 
bright yellovr crystals. The trituration was continued until red 
specks vrere no longer visible and the liquid had become pale 
orange-yellow. Water was then added and the precipitate collected. 
The substance crystallised from acetic acid in yellow, hexagonal 
prisms and also in needles and exhibited a dehiiite melting point 
at l674iot altered by rccrystallisatiou (Found : 0 50*0 ; H —3*2; 

X — 7*4. A mixture of 84 per cent, of dinitro-dcrivntive anrl 16 ]'.er 
cent, of inoiionitru-derivative requires C — 50-0; 11 — 3-0 ;X -- 7-1 
per cent.). 

In view of tins rc.sult, it is curious that pridonged treatment 
cvcji with fuming nitric acid (d 1*5) did nut effect any further 
nitration, aucl it seems ]n'obable that the second nitroxyl is intro- 
duced at an early stage in the process described and when the mole- 
cule is in a reactive condition. Unis tlie ]>iperonyiidcnchydrindone 
doubtless undergoes a change in constitution when it forms the 
red halochromic solution in strong acids, and it is probably in this 
state that the substance can be di nitrated. 

C -4>«nio-3' : V-meihulcncdioxij-'I-bruzylideiie-l-hj/driiidone (VllL). 

6-Aminopiprrojial (S'3 grams) and x-hydrindone (6*7 grams) 
were dissolved in ethyl alcohol (120 c.c.) and an aqueous solution of 
potassium hvdroxide (15 c.c, of 33 per C(‘nt,) was added with stirring. 
A scarlet, crystalline substance separated in a few minutes and tilled 
the liquid. The precipitate was collected, washed, and drieil, the 
yield amounting to GO per cent, of that theoretically possible. 
1 Ills substance crystallises from alcohol, in which it is moderately 

G G 2 
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readily soluble, in long, deep red needles nielting at 227—228' 
(Found: C-72‘7; II- 4-8; N - 5-2. C 17 H 13 O 3 N requires 
C - 73' 1 ; H - 4-7 ; N - 5'0 per cent.). 

This derivative may also bo obtained, although not conveniently, 
by the reduction of iiitropipcronylidenehydrindoiie with sodium 
sulpliide. It is sparingly soluble in benzene or ether, and can 
diazotised and coupled with p-naphthol to a crimson azo-coinpouiid, 

6 : l-Jfdhjle7iedioxy--2 : o4ndeno{l : 2)-qiiinoline (IX). 

(.4) Aminopiperonylidcnc-i-hydrindone was found to be qukkly 
and completely converted into this quinoline derivative on boiliiiij 
with glacial acetic acid. The diluted solution was basified by thi- 
addition of excess of potassium hydroxide and the precipitatwi 
base collected and crystallised from benzene. It separated in pale 
yellow needles or in hexagonal prisms, according as tlie solution 
was cooled quickly or slowly, and it may be obtained in a colourless 
form by recrystallisaiioii from alcohol with the aid oi animal 
charcoal (Found: 0 = 77-9; H= 4-0; X = o-o. FnHjjthX 
requires C = 78-2 ; H = 4-2 ; N — 5-4 per cent.). 

{B) Xitropiperonylidcnc-l-hydrindone (G-7 grams) was dissolved 
in boihng acetic acid (120 c.c.) and reduced by the gradual addition 
of zinc dust (20 grams). The solution became reddish-brown and 
then yellow, and when no further chaiige of colour occurred a little 
animal charcoal was added and the mixture filtered hot, ihe 
filtrate was diluted with water ( 2 b 0 c.c.), and a voluminous, clialky, 
yellow precipitate of a hydrochloride thrown dou n by the addition 
of concentrated hydrochloric acid (40 c.c.). This was collected and 
the free base obtained by decomposition of the salt in methyl- 
alcoholic solution with ammonia. The suhstance was then 
crystalli,sed from benzene and obtained in pale yellow needles melt- 
ing at 18Cq alone or mixed with the specimen produced as described 
above (.4). The yield was 3 gram.s, which is 53 per cent, of that 
theoretically possible. 

Dilute acid solutioms of this indenoquinoline exhibit bright blue 
fiuore,scencc. The base is readily soluble in acetic acid and is not 
precipitated on dilution with water. It forms a IvjdrocMorm 
which is moderately soluble in water, but very sparingly soluble in 
dilute hydrochloric acid or sodium chloride solutions. D. crystal- 
lises from hot water containing a little hydrochloric^ acid in pale 
yellow needles which begin to decompose at 2 C 0 . I he 
chloriik is an extremely sparingly soluble derivative which ci} sta 1 ^ 
from very dilute solution in pale yellow needles, feparingly so u c 
salts are also oblaimKl Ijy the addititm of nitric, oxalic, and pi«ic 
acids to a dilute solution of the acetate. 
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Methosulphate, — This deriYative was obtained in a yield of 75 per 
of the theory by the interaction of the base with an excess of 
neutral methyl sulphate in boiling benzene. The salt separated 
from the solution and was recrystallised from a mixture of methyl 
and ethyl alcohols. It is readily soluble in the former, more 
sparingly soluble in the latter solvent. The pale yellow needles 
melted at 278-5® with decomposition (Found : in material dried at 
^qqo y _ g.4_ Cj9lIi70(5NS requires 8 = 8-3 per cent.). The 
aqueous or alcoholic solutions of this mcthosulphate exhibit a 
striking violet fluorescence. On the addition of sodium hydroxide 
to an aqueous solution, a curdy green precipitate was thrown down. 
Til is turned brown and then black in contact with air, but retained 
its original colour in an atmosphere of hydrogen. All attempts to 
crystallise the compound were unsuccessful, and the carefully 
washed and dried sub.stance was analysed (Found: 0^72-4-; 
II = 5-0; N — 3-8 per cent.). These figures do not accord willi 
any simple formula, but the percentage of carl)on clearly shows that 
the substance is not derived from the methohydroxide by loss of 
water. 


G : l’Methylenedioxy-2 : 3-i}ideno{'l : \)-qitinoUne (XI). 

G-Aminopiperonal (2-9 grams) and [i-hydrindone (2-5 grams) 
were dissolved in ethyl alcohol (35 c.c.) and a{iueous potassium 
hydroxide (20 c.c. of 33 per cent.) added. In a few minutes the 
quinoline derivative separated as a voluminous mass of pale yellow 
needles and was collected, yvashed, and dried at 100®. The yield 
was 84 per cent, of that theoretically possible. The substance 
is moderately readily soluble in organic solvents with the exception 
of light petroleum and may be crystallised from benzene. It melts 
at 215-0® and resembles in its properties the isomeride described 
aboym except for the indications of the existence of an azouoid 
form which are discussed on p. 830 (Found : C ~ 78-0; H = 4-4; 
N ~ 5-6. Ci-Hj^OgX requires C = 78-2; H ^ 4-2; X — 5-4 per 
cent.). 

The sparingly soluble hydrochloride cr3'.stal]i5C5 in pale yellow 
needles and its aqueous or alcoholic solutions exhibit intense purple 
fluorescence. 

Methondphaie. — This derivative crj'stallises in almost theoretical 
yield from a boiling benzene solution of the base and excess of iicvitral 
methyl sulphate. It separates from a hot solution in ethyl alcohol 
in slender, yellow needles which begin to decom}>ose at 257" (Found : 
8 — 8-4. requires S = S-3 per cent.). 

^Idhockloride. — Tlie mcthosulphate is dissolved in hot, moder- 
ately concentrated hydrochloric acid and on cooling the cliloride 
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crystallises in pale yellow, glistening needles w'liich comnioncp ta 
decompose at 195° and are quite black at 235". 

The aqueous solutions of the methosulphate and raethochloridp 
exhibit a reddish-violet fluorescence of phenomenal intensity ami 
persistence on dilution. 

Anhydro-^ : l^mcthylmcdioxy-'l : Z-indeno{'2 : lyquinoUne 
Meth ohydroxide (XII). 

This interesting substance was obtained as a copious ])iirp]p 
precipitate by the addition of potassium hydroxide to an arpioou,.^ 
solution of the methosulphate described in the immediately pro- 
ceding section. The .substance \vas collected, washed with wafer, 
and dried at 70°. It is moderately readily soluble in mo.st organic 
solvents to intense bright purple solutions and crystallises from dry 
ether or from ethyl acetate in deep indigo, hexagonal prisms, melting 
at 170° (Tound : C = 78-7 ; H " -1-5; N = 5*3. 
requires C — 78‘0; H ^ 4*7 ; X — 5-1 per eent.). 

The substance is very stable, but is gradually hydrated in pivsenco 
of an excess of boiling water, yielding a yellow, fiuore.scent, alkaline 
solution of the methylenedioxyindenoquinoline methohydri).\ido. 
It is readily changed hy acids to the corresponding metho-salls. 
Thus the liydrochloj'ide was prepared and obtained in ycllov. 
iieedles, decomposing at 195—235", which were proved by a careful 
comparison to be identical vitli the mctliochloride of methylene- 
clioxy-2 ; 3-indeuo-{2 : 1 l-epunoline. 

Anhydro-(j : 'i-mclhyknrdioxyA : ‘,^{o-}iiAhyliiidato){2 : 1)- 
quinoJinp Mefhohydroxide (XIII). 

The aiihvdro-ijasc (1-0 gram) de.scrihed in the last section vao 
l)oilcd under reflux with methyl iodide (70 grams) during .seven 
and a half hours. The reaction proceeded A'cry .slowly, Imt the 
purple colour of the solution had disappeared after one hour. Ihc 
yellow pri'cipitate was removed hy filtration and was .'^tuhle when 
dry, whilst in the moist condition, in contact with air, it had a 
great tendency to form a bright green substance, 3108 mcthiodkle 
was suspended in hot water and converted to chloride by tlic action 
of an exce.ss of freshly precipitated siher clihu’klc. 3’lie filtered 
.solution was concentrated to a small i)ulk and Die (diluridc thi’ 0 \ui 
down as an ochre precipitate by the addition of common salt. 
The sub.stance was collected and crystallised from dilute hydro- 
(diloric acid, l)eiug obfaijicd in light ochrc-ycllow, microsco]hc, 
rhombic prisms (.1). 

The nint]icr-li(juors on concentratiou gave a further erop <* 
jieedic crv.stals. 'Jliese were i'(‘crvstallise(l from dilute hydio- 
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chloric acid, and from the appearance of the yellow needles under 
the microscope and the fact that they decomposed at, 105~~23o^ 
evidently consisted of inethyloncrlioxyin denoquinoline, metho- 
‘hloride' derived by the action of hydrochloric acid on unchanged 
•nilivdro-base. The survival of some of the latter in the reaction 
is jirobably due to the coating of a few of the crystals by the 
methiodide formed. Croj) A was dissoh'cd in watm' and, on the 
addition of sodium hydroxide, gave a purple precipitate which 
\va< collected, washed witli very little water, and dried in a vacuum. 
Xhe substance crystallised from anh3'drous ether in iidense purplish- 
hlaclc aggregates of rectangular prisms, which exhibit broti/.e 
liidre and soften and decompo.se at 195''. It is moderately readily 
soluble in most organic solvents, but si)aringly soluble in light 
petroleum (Found: 0-^78-8i 11 5-0. requires 

C=- 78-9; II ^ 5-2 per cent.). 

An eth}^ acetate solution of tlii.s base is deep red purple, and 
on shaking with water is decolorised, the aqueous solution exhi])iting 
bright reddish- violet fluorescence. The siibstaiiee is more easily 
hvdrated to the related nieihylquinoliniurn hydroxide than is the 
tower homologue, and this is in harmony with similar observations 
in the /.wpapaverine series. It dissolves in acids to intcmsely 
tluorcscent solutions, and the hydrochloride erystalli.ses in yellow, 
rhombic prisms identical in appearance under the microscope 
with tho.se constituting the ero{) A Jiientioned above. 

G : 'l■Me(hyIeHediox)/-'2 : ^^■l'ffoindr)w){\ : 'l)-quin(jJine, 

CO 

/O. /\/\/\ / '.. 

Cldy( i I i 5 • 

A) \ / \ / \ / 

X 

A solution of (i-aminopiperonal (2-1 grams) and I : 3-diketo- 
liydriiidcne (2-9 grams) in SO per cent, acetic acid (35 c.c.) wa.s 
boiled during ten minutes, vhcii the whole became pasty owing 
to the separation of the eoiulensation product. The substance was 
collected, washed, dried (2-8 grams), and erystallised from hot 
fieiizene, from which it sr])arated in atIIow needles melting at 
212' (Found : 0 = 74'3; H = O-O : X -- o-J. Cj.H./)^X' requires 
C 74-2; H ™ 3-3; X ~ 5-1 per cent.). 

If the condensation is carried out in glacial acetic acid, an inter- 
mediate product is obtained in deep blue crvstals with green reflex, 
this substance has aOiiiity for animal fibres and is dichroie in 
alcoholic sohdion. thin layers being blue and thick layers red. it 
is converted into the quinoline derivati^'e by boiling dilute acetic 
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acid. Methyleuedioxyketoindenoquinoline is readily soIul)le in 
chloroform, moderately soluble in benzene; it dissolves sparingly 
in alcohol or ether, and is almost insoluble in light petroleum, p 
is a feeble base, soluble in dilute mineral acids to non-fluorescent, 
yellow solutions. 

Meihosulpliate.--~M^ derivative was found to be difficult to 
obtain owing to the feebly basic character of the quinob’tie ketoiie. 

It was prepared by prolonged boiling of a benzene solution of tljt 
base and excess of methyl sulphate. The substance crystailia-d 
from ethyl alcohol, in which it is sparingly soluble, in nell-sliapcil. 
intensely yellow, rhombic prisms, -which begin to dccompo.se at 2()(i' 
and melt at 275*' with decomposition (Found : S =- 8-0. CooH^gO^B 
requires S 8-0 per cent.). Tlie salt is readily soluble in ^vatcr, 
b\it the solution does not exhibit fluorescence. On the addition 
of sodium hydroxide, a crimson precipitate was thrown down, 
Tins was collected, washed, dried, and crystallised from a mixtim- 
of benzene and light petroleum. The substance was obtained in 
minute, red needles, readily soluble in benzene or chloroform, less 
soluble in alcohol or ether, and very sparingly soluble in light 
petroleum. On licatiug, it darkens at 105^ and decompodtioii 
progresses above this temperature, although the .substance ojily 
melts at 198--19Dk The analytical results could not be rcooiiciy 
with a .simple formula and agreed approximately witli the per. 
centage.s required by the mothohydroxidc with ^H^O. 

Reduction of the ketoquinolinc by means of zinc dust in gkuial 
acetic acid solution ga^'c a base which forms a sparingly .seJiikt 
hydrochloride, tlie aqueous solution of which exhibits intCM 
biiiish-violel lluoreseence. The base is, however, not identical 
with methylcncdiox 3 diidcnoquinoline and may be the seeondan 
alcohol corresponding vith the ketone. 

>Tr s 

/\/\/\/\l , 

Q:mndoVin€ | I | 1 1 • 

\/'\./ 

XMc j 

Flavindine (quindohiiecarbuxylio aedd) was ])ivpared in almo.4 
theoretical yield Ipv boiling isatiiiic acid (1 mol.) with an alkaliiir 
solution of the technical indoxyl fusion (eontaimiig 1 mol. (h 
indoxyl) in an atmo.sphcre of coal gas. It was quant it at wdy 
converted into quimhdinc by sucees.sively reducing m aqi^ 
.solution with sodium amalgam and shaking witli air, thi^ jnorc-' 
being more eoin-enient than that of Fichter and Itohuer [ r..'., 
1910° 43, 3489), who reduced flavindine by means of zinc 'htstam 
sodium hvdi'oxide.T^Quindoline (10 grams) was dissolved m 
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least possible amount of boiling benzene and methyl sulphate 
(1.1 grams) added in one portion. The deej) orange solution which 
residted soon deposited a light orange precipitate, and after boiling 
for half an hour the liquid was cooled and the solid collected, 
washed with benzene, and crystallised from ethyl alcohol. It was 
obtained in long, orange-yellow needles which lost solvent of 
crvstallisation at 100°, leaving an orange-yellow powder (Found : 
cU 59'9; H -- 4--7 ; N = 8-o. requires 0 = 59*3; 

H = 4-6; N = 8-1 per cent.). 

The substaneo is readily soluble in Yaier to an iiitenso yellow 
solution and moderately soluble in ethyl alcohol. It melts at 
.j4-2— i>4r>° without perceptible decomposition. On treatment with 
alkali in aqueous solution, a curious, chalky, mauve precijhtate 
was throYTi do\va). The .substanee was waslu'd and dried, and gave 
iv.sults on analysis which were in accord ^\iUi tliose re(iuired by 
the methohydroxide with from 2-4 to 1-6 mol, 11^0 in dilferent 
specimens. The substance crystallises very well from aqueous 
acetone containing a little sodium hydroxide in slender, inauve- 
red threads, which decompose slowly at 100°. Tins product was 
thoroughly waslicd and dried in a vacuum over ])hosphoi’ic oxide 
(Found: C — 73*2, 73-r); H — 6-0, (>■(); X - 9*0. t^35b[3gO^X"^ 
i'equirc.s C = 73-8; H G-2 ; X’^ = 9-7 per ceut.). 

The formula of methylquindolinium hydroxide is 
and this substance may therefore^ be 2C\glIjj0X3,03l[g0T]20, or 
possibly cU(methylquincloIyl)acctone with 3il.,0. When freshly 
prepared, it is changed by dilute hydrochloric acid to methyl- 
quindolinium chloride, which was idc^ntified with the salt described 
below, but it apparently suffers decomposition on keeping and, 
after three months, a specimen ^vas found to give dark oily protlucls 
oil similar treatment. 

QuindoUne ille/^oc/dor/dc.— This salt erystallised in .slender, 
fibrous needles on cooling a hot solution of the methosulphate in 
dilute hydrochloric acid. The bright canary-yellow .substance 
bee lines orange at about 180 — 200° and melts with decomposition 
at 273° (Found : in material dried at 120', (d ~ 13*2. CiQHjgXoCi 
requires Cl = 13T per cent,). This derivuli\e is more sparingly 
soluble in cold water than is the methosiilpliate, but di.ssolves 
readily in hot water. On the addition of a drop of iiydrobromic 
acid, the corresponding bromide i.s precipitated in radiating clusters 
of yellow needles. 

CH.> 
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a.9-Plicnylmethylhydrazinc (4-6 grams) was adclnd to a solution 
of a-hydriiulone (5 grams) in glacial acetic acid (50 c.c,), wlion 
after a short time the hydrazono separated as a bulky, crysial]iu(. 
precipitate. After allowing to remain fifteen minutes, concentrated 
hydrochloric acid (50 c.c.) was added, producing a hloodrod 
coloration, and the formation of tlie indole derivative completed 
by heating on the steannbatli during fifteen minutes. The oraiifr,- 
paste was filtered and the solid washed witli water and ak-oliol 
and dried at 70° (6-5 grams). The substance is moderately sohihle 
in alcohol, benzene, or acetone, sparingly soluble in light petrokniu) 
and is best crystallised froni alcohol, being obtained in eoloiirle^ii 
platelets melting at 153'5° (Found : N — fi-0. CjgHjjN refpiire:; 
N = 6-4 per cent.). 


2 : ZJndeno{2 : l)-indole, 



m CHa 


The phenylhydrazone which separated from a mixture of 
|3-hydrindone (1-3 grams), phciiyllu'drazine (1*5 grams), and acetic 
acid (20 c.c.) was collected and heated during fifteen, minutes 
with concentrated hydrochloric acid (35 c.c.) on the stcain-batli. 
^Yater was added, the precipitate filterc'd off, washed, and crystal- 
lised from ethyl alcohol, ddie yield of crystallised snh.'iiancc 
amounted to l-l grams. For analysis, the compound was crvsfal- 
lised from benzene and obtained in hexagonal doulfic ])yraii'ii(ls, 
which begin to decompose at about 200" and melt at 212— 2bV 
(Found : C — 87'5; H — .o-5; X = G'9. rerpiirc> 

C — 87-8; H =3 5-4; X — G-S per cent.). This substance is 
readily soluble iit organic solvents and exhibits bluish -green fluores- 
cence in alcoholic solution. 


l~Mtfhyl-'2 : ^-uideno{2 : l)-indoJe, 



XMc 011^ 

This indole derivative was prepared from S-hydrindone exactly 
as described above for the corresponding compound derived from 
a-hydriiidone. Tlte yield was 59 per cent, of that theoretically 
possible, The substance crystallis(Mi from ethyl alcohol, in wliicli 
it i.s moderately readily soluble, in rhombic prisms luelting at 
172" (Found: C = 87-0; H = 5-9; X - Gdh requires 

C = 87'7 ; H ~ 5-9 ; X = G4 per cent,). 

Like the two other indole derivatives dc.scribed above, tliis 
substance docs not exhibit characteristic indole reactions. It 
readily soluble in chloroform, benzene, or acetone, sparingly soliibk 
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in ethci', and very sparingly soluble in light petroleum, l-urther 
experiments relating to these indenoindoles arc in progress. 

Chkmistrv Research Laboratory, 

United College of St, Salvator asd St. LicoNAiii), 

The University, St. Andrews. ApiH Vr22.\ 


— fJig Hij(lmxyhenzoylj)Jdorogluc/inol^^ 

By HiDEjmo Nisiitkawa and Robert Robinson. 

Some ten years ago, one of us, in collaboration with IMr. H. G. Smith, 
eoiuinenced an investigation of eiidesmin and aromadendrin, two 
hidilv eharaeteristic and readily purified substanee.s discovered by 
Maideu and Smith (./. liojj. Soc. Xew South Wales, 189o, 29, 30) iu 
the kino of Eucalyptus hemiphloia, and later found to occur sejiarately 
or together iu the kinus of many other species of Eucahjplus: for 
i-xainple, E. calophijUa, R.Br., produces a kino Avhieh contains 
aromadendrin but no cudesmin (Smith, ibid., 1896, 30, 135). The 
research on the constitution of aromadendrin is not yet completed, 
but in order to explain the object of the work described in the 
present commuihcation a few of the results may be outlined, leaving 
the details for the .subsequent publication of Smith and Robinson, 
which, it is hoped, may not be long delayed. Aromadendrin 
c-onlaius no methoxyl groups and is optically inactive. It yields 
plilorogliicinol on fu.sion with alkali, and picric acid on boiling with 
nitric acid. Its formula is or and whereas 

tiie latter is noAV regarded as correct, the former was at one stage 
considered the more probable of the two. Believing thi.s, it was 
obvious that aromadendrin should be 2:4:6: 4'-tetrahydroxy- 
bcuzoplienone (1), since the ???-liydroxybenzoy]phloroglucinol would 

_OH _ jjQ/ \ -0- /\ 

(I.) H0(_)-C0-/_)0H (II.) yj (-.Q yj 

OH OH 

yield tduitro-nohydroxybcnzoic acid on destructive nitration and 
the ortho-derivative should readily lose water under appropriate 
conditions \\ith the formation of 1 : S-dihydroxyxanthone (TI). 
Such a transformation of aromadendrin could not be realised. In 
any case it appeared desirable to attempt tlie preparation of the 
three liydroxybenzoylphloroglucinols, because even if none of them 


OH OH 



U G 2 


(IIL) HO: 


OH 
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is identical with aroinadcndrin, the para-isomeride especially 
quite likely to be obtained from natural sources, bearing, as it 
the relation to maelurin that apigcnin bears to luteolin and 
kacmpferol to quercetin. 

2:4:6: 3 '*Tetrahydroxybenzophenone (III) and 2 ; 4 : 6 : 4 ', 
tetrahydroxybenzophenone (T) have been synthesised by the 
condensation of phloroglucinol with m-hydroxybeiizonitrile and 
p-hydroxybenzonitrile, respectively, in accordance with the general 
method devised by Hocscli 1915, 48, 1122 ). They both 

resemble aroniadendrin in certain respects. The preparation oi 
2 : 4 : 6 : 2 '-tetrahydroxybenzophenone from salieylonitrilc and 
phloroglucinol by an application of the Hoesch synthesis has boon 
recorded by Karrcr {Helc. Oh'un. Ada, 1921, 4, 992), and whilst ue 


have had no dilliculty in rej jcating the experiment, we are unable to 
conlirin Karrer's view of the coinpo.sition of the product i.solated, 
which wc find to be and not Apparently tliy 

substance is the ketimine (IV) or the tautomeric amiiioquinoiie (V), 
OH no _OH HO_ 

HO 


(IV.) 


which is protected from hydrolysis in acid solution by the throe 
hydroxyls in the ortho-positions. 

Wc invariably obtained this substance in yellow needles, whilst 
Karrcr states that his tetrahydroxybenzophenone crystallised in 
leaflets. In other respects, the description given of the suppowd 
ketone tallies with the properties of this nitrogenous compound. 
The substance C 13 H 11 O 4 X is hydrolysed by boiling dilute aqueous 
sodium hydroxide and ammonia is evolved. On acidifying llic 
solution, 1 : 3 *dihydroxyxanthonc (II) is precipitated. This decom- 
position raises the question of the existence or non-exi.stcnce ol Ik 
etlier bridge in the substance C 13 H 44 O 4 N itself. It is just possible 
that this compound may have the fornuila VI, but in that case the 
iHgO is very firmly held, since it is not lost at 140\ 


0/^0 /\ 

\/ c \/,H.O 
HO NH, 


Experimental, 

2:4:6: 2'-Tdrahydroxijdijjhc.nyl Keliaiine (Formula 
IV, V, or VI). 

The condensation of phloroglucinol (3 grams) and salioylonitdl^*'.^ 
the Hoesch method was carried out as described by Karrcr (^x- ''d./ 
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and 1-9 grams of the kctimine hydrochloride were obtained. This 
salt readily dissolved in hot water, but very soon a bright yellow 
substance separated in prismatic needles, tlie yield from the salt 
being quantitative. The substance is nearly insoluble in boiling 
^vatcr and in most organic solvents. It i.s, however, readily soluble 
in pvTidine and dissolves sparingly in boiling alcohol, crystallising 
on cooling in golden-yellow needles (O-Od gram from 500 c.c.) which 
suffer no loss in weight at 140^ (Found: C”G4‘(); H ^ 4-7 ; 
y ^ 5.5, C13HJ1O4N requires C - G3-7 ; II - 4-5; X 5-7 
per cent.). 

On heatiug, the compound becomes orange at about 220 • and 
darkens above this temperature ; above 300 ', it blackens, but does 
not melt. It is insoluble in cold or hot dilute hydrochloric acid, 
bid readily passes into solution on the addition of a few drops of 
alcohol. The hydrochloride crystallises in colourless needles from a 
moderately eoncenf rated solulion in hot aijuoous alcoholic hydro- 
chloric acid. This derivative is decomposed with production of 
(he kctimine cither by boiling with water or by the addition of 
godiuin acetate to a hot solution. The ketimiii(3 is extraordinarily 
resistant to hydrolysis in acid sidution, and we were unable to 
obtain the corresponding ketone. The substance di.ssolvcs in 
concentrated nitric acid to a rod solution and in sulphuric acid to 
an almost colourless solution. The addition of zinc dust to a 
.suspension in hot dilute sLilphuric acid produce.? a pink coloration. 
Its alcoholic solution is coloured brown by ferric chloride. 

\ \ 0 'DihydroxijX(inihon(!. (Formula II). 

The tetrahydroxydiphenyi kctimine is readily soluble in dilute 
arpieous sodium hydroxide, producing a .sodium derivative, which 
separates in a gelatinous form from more concentrated solutions. 
On boiling, the yellow solution becomes orange and ammonia is 
evolved. The hydrolysis was carried out by moans of an excess of 
very dilute aqueous sodium hydroxide kept at the boiling point 
until ammonia was no longer produced. The solution was cooled 
and acidified with hydrochloric acid; the resulting colour]e.ss, 
gelatinous j.)recipitate became inore crystalline on boiling and was 
then collected and washed. The substance is sparingly .soluble in 
ether, hut readilv' so in alcohol, and was crystallised from aqueous 
alcohol. It separated in colourless, glistening needles which lost 
7‘5 per cent, in weight when heated at 110 during three hours 
(Found : in anhydrou.s substance, C 08-3 ; H = 3-6. Ci3Hg04,Ho0 
re(iuiro.s H2O = 7-3 per cent, and requires 0 = 68-4; 

•ff = 3-5 per cent,). 

1 ■ 3-Dihydroxyxanthone melts at 259", after softening at 256°, 
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and sublimes. It dissoh'cs in concentrated sulphuric acid to a yello^v 
solution exhibiting a weak bluish-green fiiioresccnce, which becumr*., 
iniieh more intense after a short time. In concentrated nitric acirl 
it gives at first a dirty green colour and on standing the solutiDii 
becomes purple. Its alkaline solution is bright yellow. On treat, 
nieiit with zinc dust and hot dilute sulphuric acid it gives a clear 
rose solution which is rapidly decolorised. The addition of ferric 
chloride to an alcoliolic solution produces a greenish-brown ooiora. 
tioii. Kostanecki and Xessler [Bcr., 1891, 24, 3080) have descrllKd 
the preparation of 1 : O-dihjxIroxyxanthone along with a hydroxydi. 
xanthone by distilling a mixture of phloroglueinol, saheylie acid, 
and acetic anhydride. They ascribe the melting point 247^ tu ibc 
substance, and do not state (hat it cry.stallises with IHT). Our 
compound, in. p. 2<a9^, cxlulnts the charaetc'idstie reactions flc.-'Critcd 
bv Kostaneeld and Xe.>sler for the product, m. p. 247', and in order 
to remove all doubt as to (lie identity of these siilistances we prepared 
the diaeetyl derivatives from specimens obtained liy tln^ two methud>. 
The colourless needles melti'd at 14rr, alone or mixi^l (Kos(aiier!u 
and Xessler, loc. cit., give 144 ). 

2 : 4 : () : :i'^T(frah}j(lroxyb(:nzoph{'none (('ormula III). 
?u-Hydroxyben/.onitrile (2 gram.s) and anhydrous phloroglucinnl 
(2 grams) were dissoh ed in dry ether (20 e.e.) and after the lulditk.}] 
offreslily fused and jiowdered zinc chloride (1 gram) hydrogon 
chloride was passed iiito the liquid during two hours. A dark 
svrup separated and aftm’ alloveiiig to remain over-night, sulpiiuric 
acid (20 c.c. of 25 per cent,) was gradually added to the cooled 
mixture. Granular crystals of the ketimiue sulphate togetlier widi 
some unchanged material siq^arated and tlu^ latter was removed k 
collecting the precipitate and washing with ether. The salt (id 
grams) was hydrolysed by boiling for an hour with water (l.lc.c.). 
On cooling and scratching the containing vessel, t ct rally dro.yv- 
benzophenoiie (T5 grams) was obtained in yellow crystals. The 
substance is be.k recrystallised from water and separates iii \m 
yellow, thin, narrow leaflets, radially aggrc;gated. The air-dried 
sub.stance suffers no loss in widght when heated at 130' (Foun'l: 
C = 03'4; H - 4-2. rcfiuire.s C - 034; H - 4d per 

cent.). j 

2 : A 0) : ^'-Teirahudroxijboizophrnone, when rapidly lieacj; 
decomposes at 24ir' after previous darkening. It is sparmgy 
soluble in ether and readily soluble in alcohol and hot ' 

alcoholic solution is coloured purple by ferric chlorirle and iG a 
solution is orange, In concentrat'd sulphuric and miric acK^ i 
yields yellow and red solutions respeettvely. ^Vhen reduced vi 
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vine dust a]id dilute sulidiuric acid, the liciuid becomes orange and 
later colourless. 

0:4:0: i' -Tdraliydroxyhmzoplwiom (t'ormula I). 
y,.Hydroxybenzonitrilo {6 grams) and anliydi'ou.s phloroglucijiol 
(G trrams) were dissolved in dry etiier (36 c.c.), mixed with fused and 
oowdered zinc chloride (3 grams), and a moderate .stream of hydrogen 
chloride was passed tliroiigh tiio liquid. Turbidity of the solution 
occurred after two and a lialf hours and very soon two layers 
sc])arated. After four houns the current of ga.s was st()p])ed and the 
ijiixture allov ed to remain over-night. Sulphuric acid (60 c.c. of 25 
per cent.) was tiieii carefully added and the whole shaken with twice 
its volume of ether so as to avoid the separation of pliloroglucinol. 
The aqueous .solution was separated and gently warmed to remove 
ether. On cooling, it became fdled with a yellow, crystalline ma.ss, 
the microscopic examination of whicli revealed admixture with 
some pliloroglucinol. The suh.staneo was therefore recry.stallised 
from 25 per cent, sulphuric acid and wastied with ether and water 
^yicld = 3-8 grams). This ketimine .sulphate occurs in short, 
yellow needles. The .substance was hydrolysed by boiling with 
water (80 c.c.) under reflux during one and a half hour.'. The 
bciizophenone derivative (1'8 grams) se[)a rated on cooling and was 
])tirified hy oiwstallisation from hot water, in which it is rather 
more readily solulilo than the isomeridc dc.scribed in the last section. 
The substance dried in a x'aeuum lost 13-0 per cent, at 120^, leaving 
a yellow’ pow'der (Found: in anhvdrou.s .substance, C — 63-0; 
K = 44. Oj 3 H^o 05 , 2 H .20 requires H^O — 12-8 per cent., and 
requires C = 634; H = 44 per cent.). 

'1 \ ^ \ is \ 4/ -Tdrahijilrox-iihinzophcnon.e melts at 210' to a deep 
red liquid. It cry.stallises in pale brown prisms, but has also been 
observed to .separate in \yoolIy needles, especially when not quite 
pure. Its alkaline solution is yellow and it gives a brown colour 
with ferric chloride in alcoholic stjlulion, Its behaviour with zinc 
dust and dilute sulphuric acid is similar to that of 2 : 4 ; 6 : 3'* 
tetraliydroxyhenzophcnonc. 

ClIEWTSTRV EkSE.\I?CU LABORATORY, 

UxiTED College of St, Salvator and St. Leonard, 

The I'niversiiv, St. Andrews. March ' 2 Md , 
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XCV . — Note on 2 : 3- and 2 : ^-Dmitro-i^^oliddines. 

By James Scott and Robert Robinson. 

lx connexion nith a synthetical investigation, which is in ])ro^avss 
wc required considcral)le quantities of 2 : 3-dinitro-;).tolui(]hi,,' 
the acetyl derivative of which should, it was thought, he tlie main 
product of the nitration of tlic very readily accessible 2 -nitr()ac!‘t(.. 
p-toluididc. This was found to be the case if the nitration is (' 0 ]-| 
ducted by means of nitric acid, but in the presence of sulplmj-i;; 
acid the reaction tal^es another course, and 2 : S-dinitroacelo-r.. 
toliiididc was found to he tiie chief product. The dinitrotoluidiiiK 
were orientated by oxidation with Caro’s acid to the related tri. 
nitrotoluenes as described by Brady in the ease of isomerides (T 
1920, 117, 1139). Tlie following scheme summarises the results : 


.Me 

Me 

,Mc 

Axo., 


Axo,. 


KXO, 11“ 

\ 

1 Jxo; 

/ 

NH-COMe 

\ NH-COMe . 

/ XITCOMe 


\ Me l^lc / 


-Trinitro- Giro's acid 

toluene 

:2;4:5). HXO, 

1 jxo, 

Caro’-s acid B-Triuilro- 
- > tolui/lVj 
and ILN'Oj 


(f.) “ (IL) 



Wc submit this brief note at tliis stage in view of the interest which 
other workers c^'ince in the preparation of the complete series of 
dinitrotoiiiidines (compare Brady, Day, and Holt, tins vol., p. 


E X r E R I :\T E X T A E . 

2 : 0 - fJi iiifro-])4ohddiuf (Formula T). — 2 : J-Dinitroacetop-tohi* 
idide was found to be soluble in a gentl}- heated, dilute a!|iieous 
solution of sodium hydroxide and on standing the dinilrotoliiidiiie 
separated from the solution in needles, A much more convenient 
process of liydrolysis is the following. The acetyl derivative wa? 
boiled during one minute with a mixture of ten times its weight 
of sulphuric acid and fifteen times its weight of water. The ba^i' 
separated on the addition of water and was collected and crystalliseti 
from ethyl alcohol, being obtained in deep orange-red tteedles 
melting at 189'’ (Found : C — 43 -. 1 ; fl — 3 * 7 . C 7 H 7 O 4 N 3 requires 
C — 42-6; H ~ 3*6 per cent.). This dinitrotoluidinc is imderately 
soluble in most organic solvents and more soluble in benzene than 
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in alcohol In the former solvent, the solutions are bright canary- 
Ulow, and in the latter are orange-yellow. The .substance k\ 
Verv feeble base, dissolving to some extent in cold concentrated 
hvdrocliloric acid to a yellow solution. It dissolves on heating and 
i^' precipitated on the addition of water. Sucli a finely divided 
precipitate i.s attacked in the presence of dilute liydroohloric acid 
bv nitrous acid, a clear y(;llow solution being produced. On the 
addition of sodium acetate, a purple coloration and then a deep 
purple precipitate appear. 'The colour is not entirely di.scharged 
In’ the addition of excess of hydrochloric acid. When the diazotised 
solution is added to dilute .sodium hydroxide, the purple substance 
is not produced and the resulting 3 ’(dlow solution gives no azo- 
compound on the addition of 7^salt. In boiling aqueous alcolmlic 
solution the dinitrotoluidine is readily reduced by zinc dust and 
hvdrocliloric acid, and the resulting colourless solution givesabril- 
jiaiit carmine coloration on the addition of ferric chloride. 

(Ividadou, by mrans of (.'aro's Acid, 2 : o-Dinitro-p-toluidinc 
(1-7 grams) dissolved in SO per cent, sulphuric acid {10 c.c.) was 
added to a solution of Caro's acid (10 grams of atninoninm per- 
r^ulphatc in 7 c.c. of sulphuric acid poured on crushed ice) and the 
mixture allowed to remain over-night. After the addition of water, 
the iiitrosodinitrotoluene (1 -2.5 grams) was collected and heated 
with iiilric acid (12-5 grams, 71-5) until red fumes ceased to 
lie evolved. On cooling and diluting with water, the trinitrotoluene 
separated, and was crystallised from aleoliol. The pale yellow 
prisms melted at 104°, aloiic or mixed 'with an authentic specimen 
fif 2:4: o-trinitrotoluene. The alcoholic mother-liquors were 
boiled after the addition of [i-naphtliylamine, when, very soon, a 
ervsialline precipitate of the characteristic, sparingly soluble 
2 : 4-dinitio-5-,3-naphthylaminotoluenc separated. The substance 
crystallised from acetic acid in bright red, diamond-.shaped prisms, 
melting at 209°, alone or mixed with a specimen prepared in a 
.dniilar way from y- trinitrotoluene. 

2:5- Dinitroaceto - p - ioluidide. ■ 2 - Xitroaccto - p - toluidide {5d 

grams), dissolved iii tlie minimum amount of concentrated sulphuric 
acid and cooled to Oq 'was nitrated by the gradual addition of a 
solution of pota.ssium nitrate (o’2 grams) in a little sulphuric acid. 
After tlie whole had been added, the liquid was allowed to remain 
(luring two hours, the containing vessel being surrounded hy melting 
ice. The pale yellow precipitate obtained on the addition of water 
vas collected and ciTstallised from alcohol (4'9 gram.s). The sub- 
stance is readily soluble in the hot solvent, sparingly soluble in the 
cold, and separates in colourless aggregates of slender needles 
melting at 132-5° (Found : X = 17-8. CgHgO-Xg requires X = 17-0 
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per cent,). 2 : o-Biuitro-p-toluidine dissolves in warm acetic an. 
hydride, but is not acetylated. On the addition of a trace of sa}. 
phuric acid the acetyl derivative is rapidly produced and was isolatefj 
and identified with the product described above. 

2 ; '‘^-Diniiro-])4oluidine (Formula 11). — 2 : 3-Dinitroacet(i-/j. 
toluiclidc was hydrolysed exactly in the manner already detailed 
in the case of the isomeric 2 : 5-dcrivativc. Tlic substance was 
cr 3 "stalliscd from benzene and then from methyl alcohol, and 
obtained in orange-yellow noodles melting at 124° (Found : C -- 
H == 3-9. C 7 H 704 N,^ rcqnirc.s C“42-6; H = 3-G 2 )or ecu!,} 
2 : 'S-f)iinl.r(hY\-lohiiduie is rather more soluble in organic solvents 
than is the 2 : o-diiiitro-p-toluidinc and much less intensidy columril 
It is also a slightly stronger base, although all its salts an* at once 
dissociated by water. On reduction with zinc dnst and hvdrt!. 
chloric acid in alcoholic solution, a colourless liquid i,s obtained 
which is coloured dull mauve bv- the addition of ferric chloride, 

O.vidniion hy means of ('aro's Acid. — The oxidation of thediiiitro- 
toluidine was carried out exactly as described above in the case of 
the oxidation of 2 : o-dinitro-j^-toluidino except that the initial 
reaction with the 2 '>ersulphuric acid solution was allowed to proceed 
during four dajxs. The ])roduct was crystallised from .sulphiini; 
acid and from alcohol and ohtaineii in colourless needles melting 
at 112°, alone or mixed witli a stoccimeu of 2:3; 4-triintrotohicne. 

2 : H^-DinifroacetO'-p-iohididc. — 2-Nitroaceto-p-toluidido (5 grains 
was slowly added, with stirring, to nitric acid (20 c.c., d l-r>). tlio 
temperature not being allowed to ri.se above 20°. After two hours 
the mixture was added to water and the precipitate collected and 
dried (5*8 grams). Crystallisation from alcohol gave a product 
melting at 162—166° vhieh was not c|uite pure, and at the expois- 
of jdeld the substance was crystallised from ethyl acetate, hein^ 
obtained in colourlc.ss, silky needle, s melting at 174-5°. The yidd 
of pure substance amounted to about half the weight of cnid'' 
product, but considerable amounts of the same compound remained 
in the mother-liquors, which are being collected and examined 
(Found : C = 45-3 ; H - 4-0 ; X - 17-8. CoHgOjXa requires 
C “ 45-2; H — 3-S; X ~ 17-6 per cent.). 

CUEMISTKY RkSE.^HCU LAaOBATORY, 

UxiTED College of St. Salvator and St. Leonard, 

The Univeksiiv, Sx. Andrews. [Rmd-cd, Apr iYB//), 1921] 
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Speed of Sulphonaimi of Phenols, Part /. 
The Effect of Tempeminre and the Melhyl Group. 

By Arthur Fred Campbell. 

lx the cour.'^c of an investigation of the separation of tlie three 
orcsols from the crude carbolic acid obtained in the coal tar industry, 
it vas learned, from a series of preliminary siilphonation experi- 
incnts. til at under certain definite conditions of reaction m-cresol 
preferentially and far in;>re readily sulphoiiated than either 
0 - or p-eresol. 

important and characteristic ])ropcrty is indicated even \\hen 
the complex commercial cresylic acid, consisting largely of u-, 
and p-cresols with small amounts of i)henol and the xylenols, 
is treated with 06 i>er cent, sulplmric acid at low temperature.s. 
Bv this means a partial, although very imperfect, separation of 
m-crcsol from the erode product may be obtained. 

The sul])honation of /a-cresol in ]U'ererence to the homerie 
p-cresol is still more marbed and apparent when a product, obtained 
})V a more complete fractional distillation of tlie crude carbolic 
acid, containing no plieiiol, only traces of o-cresol and xylenols, 
and consisting chic'ff}^ of m- and p-cresols, is treated in a similar 
manner. Thus by treatment at different temperatures of such <i 
product containing 68 ~ 00 per cent, of n?-cresol ^^'ith a (juantity of 
concentrated sulphuric acid less tlian the tiieoretical amount 
necessary fur complete sul phonal ion, there is at once a decided 
jjreferential sulphonation of /^ueresol, As the temperature of sub 
jihouatio]! increases, the wide cliffe!'enc(\ at low temperatures, in 
the proportion of )n- to p-cresol gradually diminishes until a point 
is reached where the ratio is the same as in the original product, 
and the two crcsols are snl|jhonaled at the same rate. Tlie data 
obtained by sulphonation for unit time, diagrammatically represented 
in Fig. 1, where the percentage of ui-cresol in the sulphonated 
prcdiict is plotted against the temperature of sulphonation, show 
very clearly that of the three crcsols, at least m- and p-cresols Jiave 
at low tem])eratiin\s widely clitlerent M'locitics of sulphonation 
and that the speed of sulphonation varies considerably with the 
conditions uncler which tlie reaction is carried out. 

It is well known that speeds of reaction are extremely sensitive 
to and readily influenced by variation in temperature. The results 
tabulated below show that the velocity constant of the sulphonation 
of phenols is independent of eitlicr the time of reaction, the con- 
centration, or tlie amount of s'ulpLuric acid employed. Hence the 
velocity constant of sulphonation is influenced only by the tempera* 
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lure of the reaction, and varies considerably according as 
sulphonation is carried out at a low or a high temperature. 

The following authors should be consulted with reference (,j 
formulae expressing the velocity constant of reactions : Hooi] 
Mag., \m, [v], 20, 823); Warder {Bf.r., 1881, 14, 

{ibid., 1883, 16, 7Go; 1S84, 17, 2174); Spohr {Z. phjsihl. 

18SS, 2, lOo) ; Hecht and Conrad {ibid., 1889, 3, 473); vant Hoif 
Etudes de dvnamique chimique,” and Arrlicnius {Z. 

Fig, 1. 



Chem., 1889, 4, 226), who has made a comprehensive study of tlic 
read ion velocities in connexion with the inversion of sucrose by 
acids. Arrhenius gives the following empirical formula, M'liich 
correctly cxprcsse.s for irreversible reactions the relation of Hic 
influence of temperature on the velocity constant ; 

c/logp/. _ A ^ constant, 

d .1 / *■ 

Perrin Physique, 1919, [ix], 11, 6}, referring to the influence 
of temperature on the speed of the reaction, suggests that all chemiwl 
reactions are brought about by luminous radiation, and tliat the 
speed of reaction is determined by the intensity of the ray and^i.^ 
independent of tlie temperature except in so far as the intcnsU} 
depends on it. 
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The author has been unable to trace any record in the literature 
of work showing tho comparative difference in the vel{)cityconstant 
of tiie sulphonation of phenols under varying conditions. In this 
^-iper the effect of temperature and the methyl group is de.sciibcd. 

<ince ra- and p-crcsols have different velocities .sij]j)honation 
•it given low temperature, it is obvious that the relative ])ositioa 
of the methyl to the hydroxyl group lias a considemble and a 
definite influence on the resulting speed of sulphonation. lienee 
it is hif^hly juobablc that o-ercsol will have, at any given tempera- 
turc. a definite comparative speed of sulphonation difleriiig from 
tho^e of m* and p-crcsols. 

The effect on the sulphonation velocity constant produced by 
the methyl group in different relative position, s to the liydroxyl 
in tiic benzene nucleus, and also the influence of a .second melli}'! 
in'oap in the nucleus wen^ determined in expeiiiiKuits with phenol, 
the three crosols, and certain of the xyhaiols, Tfie xj'lenols clio.sen 
arc of special interest, since they occur in the coal tar fraction.s 
allied to the more important cresol fractions. 

For this purpose mixtures of pure plienol and o-crcsol, phemd 
and /«-cresol, 0 ' and m-crcsols, ???,- and p-crcsols, w-crc.sol and m-4- 
vyiciiol, and m-crcsol and p-xylenol, were treated at different 
temperatures with 96 per cent, sulphuric acid as de, scribed below. 

Although the action of concentraled sulphuric acid on the isomeric 
ci'c.sols readily yields either mono- or di-siil})lioni(' aeids, only the 
former are produced under the conditions chosen in tlii.s invc.i>tiga- 
(ioii. i.s theoretically possible for o- and m-cresols eacii to give 
four monosiilphonic acids and for /^-cresol to give two numosul- 
])honic acids. 

Let us consider a ,sy.stcm in which tlie initial concentration.s of 
0 -, m-, and p-cresols and sulphuric acid are 6, r, and w gram- 
molecules resp(mtiv(dy, and after a rcjH.tion time I let the coneentra- 
tioiis b(’ X, y, z, and n respectively. 

During the time t, the above ten monosulplionie acids may be 
fm-med, and the products of the reaction may be rejmesczited by 

t/i ‘ • • ^10 gram-mol, 

Hence a ~ x ^ -j- f/.> ;• q.^ -- gram-mols., 

Htiee q^ to are derived from o-cresol. Similarly for w- and 
P'Cresols : 

^~y^9o'r H- 7: 'f t/s 

r - ^ z/g m q^Q 

Also ~ n ^ 4- J. . . . 4- 

Letb^, L . . , i’jjj be the velocity coefficients of the ten pitssible 
monosulplionie acid reactions. 
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In the other m-cresol mixtures the m-cresol was estimated ]jv 
H aschig's method (Z. (vif/ew, Chem., 1900, 14, 759). 

It is usually stated in the literature that the estimation of ’ 
in the presence of large amounts of xyleiiols docs not gi\’e racuraf^ 
results, and that the trinit ro*compound obtained cither melts f'j 
forms a soft paste in the steam-oven at to 100°, and refills j,, 
cr 3 *stallise in the cold. In preliminary experiments carrii/d o'lr 
with known mixture.s of pure •w-cre.sol and pure ni-4-xyienol oi'pmv. 
p'Xylcnol the usual method was found to give concordant results 
agreeing to within 0*25 per cent, of the nt-crcsol actually taken, in 
every case tlie trinitro-compound was definitely crystalline at liKi 


Fio. 2. 



The data summarised in Table I represent the uH-nw of .-c'vcrai 
observations of the individual mixtures of plumols. The oiiii- 
position of tlie mixtures which contain phenol i.s cxpre.ssed in tinii> 
of weiglit percentage and molecular jxuocntage. Tlie mixtims of 
?/i-crcsol and the xylcnols arc .similarly cxpiossed. The two series 
for the isomeric cre.sols arc, of course, identical. The volociiy 
constant is the relative rate of sulphonation of one plienol to tlie 
other. 

The comparative velocity constants of suljilionatioii of idund, 
0 -, m-, and 2 >crc,sols at different temperaturc.s are given in 
Table II. 

The comparati\’o velocity coustafits of tin; several phenols, wnn 
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Phcnol-w-Oresol. 


Weiglit per oent. Molecular percentage. 


Phenol 

40-0 

43-37 


5/i-Cre3ol 

OO-O 

at)- 03 


'rempcratiire 

20" 

40* 00" 

SIT- 

Xoa-srdi)hoiud{‘d material (per cent.) ... 5a-74 

42 18 30- 40 


Phenol (per cent.) in jion 

-sulplionated 



material 

44 -GO 

4()-3r) 42-35 


Veloeitv constant ; phejiol ; //i-cresol 0-717 

0-723 0-8S),5 

2vii,j 


0- and ??7-Cr'es<:)ls. 




A\Vight and molecular percentage. 


o-Cre.sol 

4i>0 



w-Crc-soI 

GO-0 



Temperature 

2(V 

40" 00" 

sit- 

Xon-sulphonated material (per cent.) ... aO-GO 

10-40 38-30 

lilKtll 

7/(-Crc3ol (per cent,) in non 

-sulphonaled 



material 

52-r>7 

50-80 53-33 

75- 44 

Velocity con.stant ; ni-eresol : 

o-eresol 1-872 

I -005 1-331) 

0■4!d 


ni- and /j-Crc8ol,3. 




M'cigli( and molecular perceiiiage. 

/a-Crcsul (H>0 

•p-Ctv:iol 4U-0 


Temperature 

Xon-sul|.ihonated juaterial (jier 

20^ 

40^ 

00" 80- 

10(1' 

cent.) 

j?7-rreso] (per eent.) in non- 

00-40 

57-30 

51-30 47-50 

47-!((i 

sulphonatcd material 

Velocity constant; aj-cresol : 

4S-S 

40-0 

47-8 52-0 

5m 

p-cresol 

4-823 

3013 

2-230 1-,7G3 

htu! 


}}i-i 'resol -in -4-Xyl{'nol . 

\Vriglit [)et’ cent. ^luleruliir piTcenfugi'. 

/a-C'resol ddi) 

^a-4-Xylenol 40 -i) ;n-H 

Temperature 

Xon-sulplioiuited material (per cent,) 

?e-Cresol (per cent.) in non-siilphoiiate<l rnafeiTd 
\T‘locity couritanl; /a-ercrsol : ai-.\yleiiol 

//^C^(‘soI ^y-Xyk'iKfl. 

W eight ]i"J’ cent 

?/(-CTesol tilld) 

p-\ylenul 4il'0 

Temperature 

Xon-sulphonaled tnaierial (])ere(‘nt.) 

7/(-(.'res!oi tpereent.) in noii-.sul[)lu)nated matei'ial 
Velocity oon.slatit; /H-ere.sol ; i'j-\yleiiol 


Muleeular iH'rceiiUifrr 
G2*S!> 

TrU 


40 ' 

811' 

4S-2 

:!4'ii 

50-0 

Gii-7 

i'2(;o 

Id! 


411- sid 

4!iT 4s-i; 

42-0 a>- 

TUl’O 
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Table II. 


At 20A 


Phenol. 

(3-Cresol. 

anCrcsol. 

p-Cro.soh 

Phenol 

1 1 


1-293 

0-717 

3-332 

o-Cresol 

1 to J 

1 0-778 

— 

0-53 1 

2-570 

m- ,f 

i l-:}05 

1-872 

— 

4-S23 

M - 


[ U-80U 

0-388 

0-208 

- 

At 405 

Phenol j 

1 1 

f “ 

1-158 

0-732 

2-lU 

o-Cre.sol ' 

1 1 

1 0-850 

— 

0-602 

1-813 

IH’ 1 

1 l-Olig 

1-B(>2 

— 

3- 01 3 

1 


[ 0-474 

0-552 

0-331 


At G0=. 

Piienol 1 

1 1 


1-118 

0-805 

1-802 

y-Cre.sol 1 


1 0-804 

■ — 

0-747 

l-()05 

m- ,, i 

1 1-118 

1-330 


2-230 

1 

p- „ y 

1 ' 

1 0-537 

O-COl 

0-448 

-- 

At 80 a 

Phenol I 

i 1 


1-104 

2-504 

3-4S8 

ii-Cresol 1 


1 0-00.5 

— . 

2-0(5 

3-157 


1 0-300 

0-405 

— 

1-503 

P‘ V J 

1 1 

1 0-287 

0-317 

0-040 

- 


The closely agreeing results summarisj'd in Table III experi* 
nicnifilly show that the velocit}^ constant of sulphonation is 
inde|K'?Kient of either the time or the amount of acid employed in 
the j^iilplionation. 

Ill each sei’ies of cxperinumts 40 jict- cent. l)y uelght of o- and 
(iU }ier cent, of m-cresol ^^■cre treated with the given percentage 
liy weight of sulphuric acid at 40 '. In the time experiments the 
uinoimt of 96 per cent, sulphuric acid was (M|uivalcnt to half the 
total weight of cresols. In the experiments with ditrerent amounts 
of acid the time of sulphonation was live lioufs. 

Table HI. 

i '() 4 if IK' ill hours 1 2 o 4 (j 

Xon->ulj)!]ortat-,ofl malorial (prr 

.'\{\-'i2 .■)0-T4 .jU'OG 48-no 

wi-t'n.'sol (per cent,) in non-.snl- 

l>!io)ian‘rl matf'i'ial ooCio Ci2'2o Ai-iU .'w’-ln .tl-.-).') 

Volocity constant ; //i-ei'('sol ; 

'•'•ci’osfjl l iji'j ja.isi laiGt) ] ‘(toO larjti 

'M Ar id by weight (per cent.) dddiii di.t-OO O.Vou 

-NoiosulphoiuUeit inuti'i'ial (per (‘('HI .) AO’lS 4)i‘40 dt-Ou 

'(f'Crosol (per (.-ent.) in noii-.sulpliouatcd nutU’i'iul... 54-08 5()-Sfi 45-<)! 

\ siofity censtanl ; ef-cresol ; o-eresol l-(i27 ]-bG5 l-(.i78 

Siimuiai'u /hVdsv/op of /O.yid/s*. 

^llie influcnei* (.f tile introduelion of the nu'thyl gnnip into thi^ 
jnmii)! molecule on tlic vihocity of sulplionatioii varie.s with tlie 
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relative position of the methyl to the hydroxyl group and ap 
but to a different degree, with the temperature of sulphonatina ’ 

The methyl group in either the ortho- or para-position to ti- 
hydroxyl group has the elTect of retarding the speed of sulpiiol 
at ion at all tenii)eratures from 20° to 80°. An o-mothyl ^rov* 
retards the speed to the least extent and, at 20°, to approximate- 
one- third the degree of a p-m ethyl group. 

As the temperature of sulphonation increases, the rotartli^ 
influence of the o-metliyl group diminishes somewhat rapidlv r. 
to about 60°. Above this temperature tlie influence is only vf-p- 
slightly progressive. At 80°, and at temperatures a])uve tliic 
point, the difference in the comparative speed of snlphonatioj. 
of plienol and o-cresol is almost a constant. 

Whilst the metliy] gi'oup in the ortho- and para-position< 
the hydroxyl has the same general effect at all temperatures fn.r.': 
20° to 80°, the methyl group in the meta-position both aeeclerarK 
and retards the speed of sulphonation according as the reaotl.?. 
is carried out at a lower or higher temperature. A 7?Maeiliv; 
group has the greate.st accelerative effect at low temperature 
and as the lemjreralure inereases, tlic accelerative effect grailualiv 
diminishes until at approximately 65° ?a-CTesol and phenol aii 
sulphonated at the same rate. Above 65°, a ?«-methyl group b; 
tlic reverse effect to that at lou' temjreratures and, similar to o-aud 
p-methyl groups, retards llie s^x'cd of sijl]:)lioiiation. 

The diniinislicd retarding influence of the o-methyl group and 
the reduced accelerative elfect of the m-methyl group roacli i. 
point of erpiilibriuni at about 70°, where the two isomeridcs are 
sulphonated at approximately the same rate. Above this tem- 
perature o-cresol is sulphonated at the epiicker rate. 

The methyl group in the para-position to the hydroxyl has a 
greater relative effect, at low temperature, than in either the ortho- 
or meta-position. As the temperature increases, the retardin" 
infiiKUH'c reaches a minimum at about 60°, and at teniperaturcj 
above thi.s point again exerts a progressive retardative effect. 

'Idle .sejiarate effects of the m- and p- methyl groups reach an 
e((uilibrium point at about 100°, where the two i.someride? arf 
.sulphonated at the same rate. 

The following additional data are al.so established. Phenol 
sul])lionated at a faster rate tlian cither o* or p-crcsol at all teii> 
peratures from 20° to 80°, and at a slower rate than ?«-cre^ol at 
temperatures up to about 65°. p-Crcsol is sulphonated at a rnwh 
.slower rate than cither phenol, o-crc.sol, or 7 a-cresoI at all tem- 
peratures up to 80°. At low tem]>eraturcs 'ni-crcsoi is .sulphoa'^toc 
at a greater rate than either phenol, o-cre.sol, or p-ercsol. Tht*'; 
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'at 20^j the order of sulphonation is m*cresol, j)hcnol 5 o-crcsoJ, and 
[finally i)-cresol. 

I Tlio eifect of tlic introductio!i of the second methyl group into 
fthe phenol molecule was observed by the use of w4-xyJenol and 
i^.xyleuol The two products may be considered as methylaterl 
ip. and o-cresols, respectively. 

i It has been observed above that the methyl group in the ortlio- 
laiid in the para-position to the hydroxyl in the phenol molecule 
|has a retarding influence on the speed of sulphonation at 4U^ 
lAlso that the effect of the p- methyl group is approximately ;j-75 
[times that of o-mcthyl group. The introduction of tiic .second 
i methyl group in the ortho-po.silion to (he hydroxyl in the p-cresol 
hiiolecule should therefore further retard the velocity of sulphon- 
: at ion, and w-4-xylcnol should be sulphonatod at a corre.spojKlingly 
^slower rate than p-cresol. 

; The results given in Table II .sliow that phenol is sulphoiiated 
;at lldl times the rate of p-eresol, and from the re.sult.s in Table I 
it may be calculated that phenol is sulphonatod at ±21 times the 
rate of m-4-xylenol at 40°. 

Similarly, tlie results at 80° confirm (ho deductions made from 
tlie corresponding experiments with the cresols. 

p-Xylenol may be considered as o-cresol with the second methyl 
group in the para-position to the methyl and in the meta-position 
to tlie hydroxyl group. The results of tlie experiments with the 
cresols .show that at temperatures up to 65” tlie methyl group in tlie 
iiieta-position to tlie hydroxyl has an accelerative effect on the 
speed of sulphonation ; also that a ?«-meiliyl group has a greater 
influence than an o-methyl grouii, but in tlie reverse direction. 
Therefore the introduction of the second methyl group into o-cresol 
should reverse the order of sulphonation in comjia risen with that 
of pliLMiol, and p-xylenol should be sulpliuiuited at a faster rate 
tliau phenol at 40°. 

Ihe results summari.sed in Table I show that o-crcsol is sulplion- 
ated at 0’85.0 times the rate of phenol at 40°, and it may be cal- 
culated that p-xylenol is sulplioiiated at I '085 times the rate of 
jihenol at the same temperature, Similar results are obtained at S0°. 

It is proposed to detertniiie the influence on the veloeilc- eunstaid 
of sulphonation of other substituted dcri^'atives of iilienol. 

In conclusion, the author desires to cxpre.ss his thanks to the 
directors of Messrs. Hardman and Holdim, Ltd., for permis.sion 
to publish the results. 


[llcci'icaJ, January oth, l(i22.] 
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X(;;yXl . — The Detemimiion of Surface Tension //qj;; 
the Maximum Pressure in Bubbles. 

■Ry Samuel Sugdex. 

The detorniination of surfaces tension l)y inoasurcmciit of tlii- 
pressure required to liberate bnl)blc3 from a vertical cajiillai'y 
tube immersed in a liquid was first suggested by Simon (.Ih,!. 
Ohim. Phis., 1851, [iii], 32, 5). This method has been lar^eh- 
developed and used by Jaeger as a comparative method {Smtinij.m_ 
Akad. Wiss. Wien, isDl, 100, Ha, 245, 493) and more remitiy 
for the absolute determination of the surface t(Mision of a iam- 
number of substances {Z. anurg. ('hew., 1917, 101, 1). (’aiitnr 
{H'iVJ, Annalcn, 1892, 47, 309) gave the first accurate theory (.f 
the method and used it to obtain absolute surface tensions.^^ In 
the literature the ]iarae of one or other of tlie above workers h 
often employed to denote the method, usually that of Tu-ger, 
freundlich (" Kapillarchemie,'’ beipsig, 1909) employs the icviu 

metliod of maximum bubble pressure,'’ which seems ])ret'eralilii 
and will be adopted in the present paper. 

This method is well adapted for dealing with small ainoinit^ d 
organic substances over a considerable range of tein])crati]iv. 
Unfortunately, the results obtained by differeid oliservers br 
nianv comnion liquids not only differ amoiig themselves, bin are 
not in agreement with the values found by other metlnab. br 
example, the rise in capillary tubes. 

These discrepancies tnay be due to a number of eauses, of wliidi 
the following seem the most important. In tlie hrst place, if tlie 
liquid has a finite angle of contact with glass, then the jiicthi.d 
of maximum bul)blo pressure, which is independent of the contiut 
angle, will give the true surface tension, whilst the method of 
capillary rise will give lower ^■aiucs wiiich, for small tuhos, will 
be equal to the product of the surface ten.sion and tlie codne of 
the angle of contact. fSecondly, this method has often been mol 
as a comparative method, tlie apfraratu.s being calibrated lo 
means of a standard liquid, for cxanqde, benzene or water. Agny 
ment as to the real values of tlic surface tensions of tlie.se liquid' 
has only been reached during the last few years, lienee re>uli> 
obtained by the comparative method may be too liigb or too Im', 

- Soe al.so Linchargor, 4/mv. J. .SX., ISUO, 2. 108; Hock, Xayjyy- 
Akad. 1S9U, 108 , Ha, LHO; Wliatinougli, Z. 

1902, 39 , 129; Feustol, Dritd. Aumhu, 190.1, 16 , 9; Fordi, 

Ferguson, Phil. Mwj., 1914, \i\, 28 , 128; St ln'oediiigor, .-lioi. ' '■ 

46 , 413 . 
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according to the value chosen for the standard liquid. The 
assumption that the surface tension is proportional to the pressure 
required to liberate bubbles from a given jet is not strictly 
accurate, but with the small tubes usually employed the error 
thus introduced is very small. linally, in the maximum bu})ble 
pressure method, it is necessary to correct for tire curvature of 
the larger surface of the liquid. With most liquids it is only when 
tubes several centimetres in diameter are used that tlie central 
portion ‘of the meniscus has a negligible radius of curvature. 
K.^cept in a few cases, the use of v(‘sseJs of siieli a size is impossible 
and indeed undesirable, for not only does it neees.sitatc the, pre- 
paration of largo quantities of the highly pnrilied liquid, but also 
the greater area of exposed surface oifor.s more opportunities for 
contamination with moisture or other impurities. For tlie.se 
reasons, smaller ve.ssels are usually employed, imt if no correction 
is made for the curvature of the surface, the values found for the 
surface tension will he too small. The niagnitnde of tlie error 
thus introduced will depend on the radius of the ca])illary. and 
fur very small tubes such as those used by Jaegta* {lor. cit.) is small 
hut still appreciable. 

It is not easy to deal mathematically witli the form of tlie surface 
of a liquid in a tube of circular cross-section with another tube 
placed at its axis. The diiliculty can bo got over, however, in a 
similar manner to that employed by the author with tlie method 
of capillary rise (T., 1921, 119, US3). If two tube's of different 
radii are immersed to the same depth in a liquid and the pressure 
required to liberate bubbles from each is measured, tlien the 
surface tension can be calculated from tlie difference of these 
pre.s.sures. It is iieeessarjq however, to have an aceurate relation- 
ship between the capillary constant of the liquid, the radius of 
(he tube, and the maximum pressure in tlie bubble, wliieh will 
hold for tubes up to several millimctre.s in diameter. 


ThforcUcai 

The ilieory of the method of ‘‘ maximum bubble pre.ssurc " has 
Ijoeii discussed by Cantor, .Feustel, Ferguson, and Sehroedinger 
[he- at.), who (;orreeted certain eiTors in C'antor’s work and gave 
the formula 


Here a~ is the specific coliesion, r the radius of the capillary tube, 
au A the maximum pressure in a bubble expressed in cm. of (lie 
itself. Thi,s formula holds only \\hen r'h is small; to deal 
Jt 1 largei tubes it is necessary to have recourse to the tables of 
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Basbfoi’th and Adams An Attempt to Test the Theory of 
Capillary Action,” Camb. Univ. Press, 1883), which give a 
numerical solution of the differential equation involved. 

In Fig, 1 AOB represents the outline of a bubble emerging fro^ 
the end of a vertical tube immersed to a depth t below the surface 
of a liquid. As the pressure imside the tube is increased, the 
and the shape of the bubble change and the angle tf, between tlh‘ 
axis of the tube OC and the normal to the surface of tlie bubble 
at B iiicreases. If b is the radius isf 
curvature of the bubble at 0, then tlk- 
pressure in such a bubble is, in C/;s 
units, p = 2y jb + ::g{D - d) greater than 
the pressure at a point in the liquid i cm. 
below the surface. Here y is the siirfact 
tension in dyncs/cm., - = OC\ g tlm 
acceleration due to gravity, 1) the densiiv 
of the liquid, and d the density of tlk 
gas and vapour inside the bubble. This 
pressure would be exerted by a column of 
the liquid of height h = Pjg{B -- d). 


/ f / 

vjA 


Hence (2) 



A “ and 


hr 


r z li 
b ' a' b ' a 


i'>) 


Xow the form of tlio bubble is determined by the value of a 
quantity [i, whej'e 


2lr 

a- 


(^) 


Putting this in (3), we have 

A' = /; + 1 • ^ I 


For any given value of ria there will bo a number of values I't 
rjX whicli correspond to a serie.s of values of 3, that i^ to a 
series of values of (/>. These can be calculated from {.)) in con- 
junction with Fashfoi'th and Adams's ’tablo-s referred to abo\c.a- 
follows. 

First, each value of r.'6 is calculated by’’ the relation 


r _ r u r 
b~ a ' b a 


V2X 


The angle (f> corresponding with this value of rjb (the ;(/6 of hadi 
forth and Adams's tables) and the quantity zjb for this angle ai^ 
then obtained under the appropriate [i from Bashforth and . ( niir. ^ 
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tables ami inserted in (5) to calculate r/X. The following example 
v,iU make this clear. 

rja — I'O. 


jS. 

r . h. 

z,h. 

r A. 

<p. 

0-0 

0'o772 

0-G7.79 

1-7479 

147-1^ 

(i-i) 

0-,7"p4{) 

O-()04() 

1'7319 

l,72-(‘> 

7-0 

0-334 0 

0'(;r)i 1 

1-7.730 

157-5 

7-;) 

O-olOe 

(I- 0384 

1 ■7.728 

](i2 1 

8-0 

0-.7000 

0-(i2,71 

1-7508 

l{)G-5 

It will be 

seen that as 

^ increases, 

r X, which 

is ])roportional 


to the pres.sure in the bubble. pass('s tlirougli a niaxiimnn value 
wliich can readily be detennined. For thi.s value of r'a, which 
corcespoiKls with a tube 7 nun. in diameter innner.sed in watei’, 
the maximum is reached when </> is about IbU . It is only for 
infinitoly small tubes that the inaximum jwessure corresponds 
with (f) = 90°.* 

A series of minimum values of Xh' can be calculated in this 
way for a range of values of r'a and from tliem, hy careful iiit(‘r- 
polatioii, Table III has been constructial. For the smallest values 
of r'a, up to 0-20, the formula of .Scdiroedinger (1) was used. For 
this value of r/n Ijoth metliods ga\(‘ the .same result for A" r, but, 
as would be expected, as r:a increase.^, this formula no longer 
holds. 

Table I [I. 


Minimum value of X/r for values of r 'a from 0 to 1-50. 


r\i 

0-00 

0-01 

0-02 

0-03 

U'(J 

l-OUOO 0-9999 0-9907 

U-9994 

ui 

0-9934 

9920 

9905 

98SS 

(1-2 

9737 

9710 

90S2 

90.73 

<.i-3 

9419 

9382 

9344 

!010,3 


9U(l(l 

8952 

8903 

8853 

It- .7 

SLSl 

8429 

8374 

8319 

O'li 

7‘i20 

7800 

7S00 

7739 

(1-7 

7312 

7252 

7 1 92 

7132 

it-s 

('). IS 

0000 

0003 

0547 

ii-'.i 

11 17!) 

0129 

0(179 

01730 

10 

,7703 

5059 

5010 

5573 

1-1 

.7290 

5251 

5213 

5170 

1-2 

492S 

■1895 

4802 

4829 

1-3 

4011 

4582 

4553 

4521 

1'4 

]'5 

4333 

4085 

4,307 

4281 

4250 


0-04 

0-05 

0-00 

0-07 

0-08 

9990 

0-!)984 

:)-!1977 

0-9908 0-0958 

9870 

9851 

!I831 

9809 

!t7S0 

9023 

95! 12 

9500 

9527 

9492 

1)205 

922 1 

91.82 

9138 

9093 

8802 

8750 

8098 

8045 

S592 

8203 

820 ; 

8151 

SO!l4 

8037 

70 78 

7010 

7554 

7493 

7432 

7072 

7(U2 

0953 

0894 

0835 

0492 

0438 

038.5 

0333 

0281 

5981 

5!(33 

5885 

0838 

5792 

5.731 

54 89 

54 48 

5408 

5308 

5i;m 

5103 

500 7 

5032 

499 7 

479 7 

4705 

4733 

4 7u2 

4071 

4 490 

44l>8 

4440 

4413 

4380 

4231 

4200 

4l8l 

4 1 7 : 

4133 


(I -Oil 

1)702 

IKMT 

S.'*38 

TUTI) 

<070 


3747 
7)329 
4902 
4941 
4 3") 9 
4109 


hy the aid of Table 111 the surface ten.sion can be calculated 
accurat('ly from the pressures required to liberati^ Imbble.s from 
two tubes of ditferciit radii which are immersed to the same depth 
below iho surface of the liquid. Let r., hv tlie radii of the 
tiibe.s, /q, /q the pressures, measured in cm. of the liquid ci)neenie(l, 

* Compare Fergu.son. Scliroodiiiger, /oc. vil. 

H II 


VOL. rxx- 
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which are required to liberate bubbles, and t the depth to wIik;, 
each tube is immersed. Then from (6) 


Therefore 
or a- = 








// == /i, - Z 12 = aHljX^ - l/.tj) 


H 


\!X, 




0 


The use of this equation and the table are best explained W 
means of an example. With the apparatus described in the expori. 
mental part of this paper the following values were found for 
benzene at 20^^ : — 0'007525 cm., — O'OGOO cm., H — (ivSl 

of water at 15° — /woo cm. of benzene at 20°. 

As a first approximation, take = rj, = r.^. 

Then n- -- == 6-67o sq. mm. 


Using this value of a- to calculate r^ja and rja, it is found that 
rja -■ 0'029 rja - 0*232. 

From Table III the corresponding values of Xjr are 
Aj r - 0-9994 X^jr = 0*9649, 

whence X^ =- 0-007522 .Y, - 0 0579. 

Putting these values in (7), n- = 6*703 sq. mm. 

A further application of this method of successive app/roximatioin 
gives the same result for 

At 20°, for benzene, ]) ~ d ^ 0-877i, g — 981 cm./sec.“, fi'cii) 
which y = 28*84 dynes, 'cm. 

This method of calculation need not be used for every mcasmv- 
ment, but constants for a particular apparatus may be calculated 
as follows. 

Let P = -d) if! 

Then from (8) 


Now the denominator of (10) is a function of rja and 
and are fixed for a given apparatus, then this (piantit} b 
a function of In, which is a function of g{D d) P. 

If a number of arbitrary values of H and D - - d are cho.sen am^ 
y is calculated for each by the method given above, the \alw' 
of the denominator in (10) can ho plotted against g{D - 
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In the table below this has been doin^ for apparatus (2) a})o\e. 


D-d 

r 

7 


.'//> 

grains/c.f. 

dync.s. 

dynes cm. 


1‘ ■ 

LOGO 

49()r> 

20-, 70 

1 84(i7 

0-2000 


0867 


lS.)'SS 

0-1420 


G81U 

,72 -,7 4 

180-74 

0- looo 


11720 

78-r)4 

187-4 2 

0-00 6 7 

ll 

19020 

104-18 

187-80 

18S'78 

O-0.7OO 

0 


Tf a curve bo plotted with the figures in the last two columns 
as ro-ordinates, the points will be found to lie almost exactly in 
a straight line, so that for tliis apparatus 

P 

188-78 - 20-6 

This formula is well suited to the calculation of a number of 
results with the same apparatus. As an exanpile of its use wo 
may take the figure for benzene, for which P ~ 5'dG cm. of water 
at 15 ^ = 5316 dynes per sq . cm. \ D — d ^ 0-8771 ; hence gDjP 
{1161. 


5346 

' 188-78 - 20-6 


— 28-82 dynes 'cm, 


If calculated by the method on p. 802, y — 28-S4. 

It is seen at once from this formula that the density need not 
be known very accurately. An error of 1 per cent, in the density 
produces an error of 0-1 per cent, in the surface tension. 


E X T’ E R I E N r A L. 

A simple form of apparatus for the measurenieiit of surface 
tendon by the method of ‘‘ maxinium pressure " is .-;hown in Fig. 2, 
Through a rubber stopper in the vessel A. pass two tubes, one of 
which is drawn out to a fine capillary at its lower end. The other 
has a diameter of about 3 mm, and is cut off accurateh' at right 
angles, with the inner edge sharp and free from splinters. This 
condition was attained by marking the tube lightlv with a tile 
and hreakiug off a portion in the usual manner. After a few 
trials, suitably cut tubes were readily obtaiiuu,!. 

The side tube of A i.s connected with a simpile prt'ssure gauge, B, 
and a mercury suction bulb, Since small differences of pressure 
only are concerned, tlu'sc connexions were made with thick-wallcd 
rabber tubing, which was found to b(‘ quite sati.-'factm-y. Water 
used a.s gauge lj((uid because of its small ct)efhcient i.)f expan* 
don , the tempej'ature of the gauge was I'cad at intervals during 
tie experiment by means of a thermometer placed beside the 

Ji II 2 
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scale and shielded from the heat of the bath in whieli 
immersed. 

In making measurements, the upper end of one of tlie tuljK 
in A was closed by a stopper and the taj) of the mercury suctidr 
bulb opened. As the mercury flowed from the Inilh, air wj; 
.sucked in through the open tube in A and finally bubble.^ fomiK] 
and broke a^^■ay from it.s lower end. The rate of formation i.i 
bubbles depends on tiie siz(‘ of the capillary jet of the siietb[i 
bulb ; if this be of suitable size, adequate control is obtained hv 
manipulating the tap. In must experiments, the rate of Iniljp,. 
formation on tiie capillary tube A\'as reduced to one pea scconrl 


Fio, 2. 



before measuremeiils were niadiu A more rapid rate of biiliUiii; 
gave the same reading on (he gauge as long as the bubbles roul'i 
be counted easily; mure ra])id jiroduction of bubbles gavi* a|j]jiv- 
ciably higher reatliugs, With the wide tube the attaimnent 
a maximum pressure which fell off before the bubble was detadiui 
could readily hv followed on the gauge. 

The calibration of the tuhe.s proved to be the ino>t dillioii' 
operation. Tlu' diameter of the vider tube was measnwl h. 
means of a reading micrusenpe with a fllar micrometer eyciiim'. 
The fln(‘ tubes ^\■ere made by drawing out ordinary quill tubiH: 
and were measured as follows, A fine .scratch was made lutli 
diamond about 3 mm. from tlu' end and tlie low(‘i’ portion gnupu' 
in tweezers and bent sharply, The p()rti(jii brokoi ufl in thb""} 
was immediately mounted in plasticine on a microscope slick' "ini 
the newly formed section iippcriiiost. This section and 
of the tube to be used for the Jiunasureineuts were then exanune. 
under the microseoj)e to see if the break was clean. Centwi; 
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expectation, in most cases Jio splintering occurred and a sharply 
cut section at right angles to the axis of tlie tube was ohtuiiuMi. 
The cut-off portion on the slide was then m('asure<l with a suitable 
objective (usually I inch) and the filar micrometer cycj)iece. All 
tubes which showed more than a slight de^'iation from a circular 
cress section were rejected. 

In these measurements the standard of length was a Leitz stage 
micrometer divided into O-Ol min. This was finally com]mred 
vitli a finely ruled scale on jilatiimm, mounted in ]n\ar, which 
had been calibrated at the Board of Trade. 

Three sets of tubes were used, with the follmviiig radii ; 
apparalus I, -- 0*00779(), — OdbiT afiparatus 2, ~ 0-(>()!)9:u, 

r„ - 0-159; apiiaratus 3, — 0 007525, r.^ — O-OOOO cm. 

liCSUlfs!. 

Mcasureiuciit.s were made of the surface tension of ^^at{‘r and 
heiizcue, as the values for these lirpiids at 2<l are now known 
ficcurately. The samples used were purilled as described in a 
jifvvimis communication (T., 1921, 119, T1S3). The following 
values were found : 

For water at :fu\ lJ~d OSMlTl. For hea^one. /J— f/ : U-S871. 


a- in sq. y in dynes cr in sq. 7 in dynes 


.-\[)paratu.s. H in cm. 

mm. 

per cm. 

// in cm. 

mm. 

per ein. 

1 18-09 

14' 9(1 

72' 90 

S-0() 

li-720 

2s -9] 

2 1:F97 

14'92 

72-9ii 

fi-21 

(;-7(i;; 

28-84 

17 “25 

14' 87 

72‘77 

7- 7.55 


28-S4 


Moan 

72-9i 


Moan 

28-80 


Tficsi' (igure.s arc in excellent agreement with those found, by 
the method of capillary rise, liy Kichards and Carver (./, A titer. 
('km. Soc., 1021, 43, S27) (water, 72 74; Ikuizcik'. 28*SS and 
2H-79), Harkin.s and Brown (//nV/., 19! T 41, 499) (72-SU and 2S-S8), 
andSugden (T., 1921, 119, 1483) (72-70 and 28-85). 

Uiis agreement give.s further su].>port to the view of Richards 
{/«'. ct(.) that for these iifjuids the angle of contact with glas.s is 

ZtTO, 

By tlie method of maximum bubble pressure Jaeger [loc. cit.) 
lias^found, for water at 20^, y — 72-0 dynes jter em. The radiu.s 
of tlic vc-ssel holding the liquid was about 1-5 cm. Xogleeting the 
intlueiiee of tiie capillary in the centre of the tube, a minimum 
correction eau be caleulated. Tlu' radius of eur\atuiT of the 
large surface u-au be calculated by the aid of Table II of the autlior's 
J'ajp’ on the method of capillary rise and with water enrresiionds 
|wti tt pre.s.sure of 5-9 dynes pei' sq, cm. For the capillary of 
nu. ms 0-04385 cm. used by Jaeger this gives a minimum eorreotion 
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of 0'13 dyne to be added to the observed surface tension. Henee 
Jaeger’s figure agrees satisfactorily with tlioso previously C[uotf(i 
It sliould be noted that this correction increases rapidly as the 
radius of the vessel decreases ; if a vessel of half this radius had 
been used, it would havx amounted to 1'70 dynes. 

Interpolation between Jaeger's figures for benzene gives y =r 2$.5 
dynes per cm. at 20*^. It should be noted, however, that, contrarv 
to tlie results of other observers, the surface tension temperature 
curve found by Jaeger for this liquid between and 80^ deviate? 
appreciably from a straiglit line. The correction for the We 
surface in this ease is much less than 0-1 dyne and can be neglected. 

Sum.mari/. 

1. The theory of the method of maximum bubble pre.ssuro has 
been extended io ajiply to tubes for which ria -- To (for water, 
up to tubes 11 turn, in diameter). 

2. With a simple form of apparatus mca.surements of the surface 
tension of water and ben/rno have been made with results in 
satisfactory^ agreement with those obtained by the method d 
capillary rise. 

BlHKimC’K COI.IJ.GK, 

Cn.vNCEUv Lani:. I'!. (‘.4. J^ccivol, March 23rct, 1922,- 

XCVIIL — The Adi on of Amines on Semicarhazona 
Part L Prepamtion of an Optically .dc/ht 
Semico rhazide. 

By Forsyth James Wh.son, Isaac Vance Hopper, and 
ARCHfRALD Barclay Crawford. 

It has been shown liy Borsclie and his collaborators {Bf-r.. lOOh 
34, 4299; 1904, 37, 3177; 1905, 38, 831) that semicarbazoncs 
such as ac(itf)ncscmicarbazonc, for example, react M'ith aromatic 
amino-compounds on heating, mainly' according to the scliemc 
CMe.;N-XH‘COu\H. q- ITXfT - CMe^X'XHd’O'XHK ; XHaJliis 

jiroduct yielding on hydrolysis the scmicarbazideNHo'XlTCO’NHR- 
The action of aniline, the toluidines, the naphthylamine^, aid 
similar aminocomiiounds was studied by' Borsclie, hut the action 
of aliphatic amines or of aromatic amines containing the ammo- 
group in a side chain does not appear to have been investigate ■ 
It has been found that benzylaminc reacts with aectoimsOim 
carbazonc in the normal manner, yielding acetone-^-ben^!^tsoo 
carbazone, aMe 2 :N’NH*CO-NH>CH 2 Ph. Hydrolysis of this sa • 
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stance with dilute hydrochloric acid gave the hjdmMoride of 
^-bonsylsemicarbazide, NHyXH'COKH-CH^Ph.Hd, from which 
tijc free base was liberated by means of sodium ethoxide. In 
ac^ueous solution, the hydrochloride reacted readily with benzalde- 
h vde, giving benzaUehyde-h-benzylsemicarhazonf'. 

The action of a-phcnylothylaminc on acetonosemiearbazone was 
next studied. The racemic base was first employed and was 
found to react in the normal manner, the kj/drockloride of racemic 
,va-phenylethylsemicarbazide, NlIyXH-CO-NH-CHMePh/HOl, 
being ultimately obtained. The reaction A\as then carried' out 
with ff-x-phenylethylaraine; this with acetonesemicarbazofie 
yielded a semicarbazone, CMejIX-XH-CO-XH-CHMel^h, which, when 
polarimotrically examined in alcoholic solution, gave [a]'^ -'fiT-iT' 
This seraicarbazone on hydrolysis with dilute hydrochloric acid 
gave the hydrochloride of an active S-x-phenyJethyi.semjcarbazide ; 
this salt in aqueous solution gave -p fifi-O''. 

It is intended to apply this optically active semicarbazide to 
the resolution of certain racemic aldehydes and ketones. ^JTe 
only optically active semicarbazide hitherto de.scribcd appears to 
be caraphoryl-f semicarbazide, winch was prepared by Kor.sler 
and Fierz {T., 1905, 87, 722). It is also hoped to investigate the 
action of active mcnthylarnine and of ester.s of amino-acids oil 
semicarbazones. 

K X P E R I M E N T A L. 

Action of Benzylamine on Acetonesemicarbazone. 
Aceione^UenzyUemkarbazone.—^^^ finely powdered acetone- 
semicarhazone (1 mol.) and beiizylaniiue (.■^liglitlv more than 1 mol ) 
heated separately at l80^ were niixed, vigoisms reaction ensued 
and ammonia was evolved. A.s soon as solution had been effected, 
the mixture was cooled somewhat, poured into cold water, tlie 
viscid mass treated with dilute acetic acid in slight excek to 
imove unchanged bcnzyhimine, and the jiroduct, which nuickh' 
soudilied, washed with water and extracted with hot alcohol, 
Which dissolved it with the exception of a shgJit re.sidue of hydrazo- 
dicarbonanudc', The alcoholic extract, concentrated if necessary 
and cooled with ice, deposited a small quantity of colourless needles 
nicltmg at iG8°; the.se, after recrystallisation from alcohol and 
washing with carbon tetrachloride, melted at IGO' and were 
Identified as x-dibenzylcarbamide (m. p. 107^) (Found ; X -- 1F89 
per cent,}. The alcoholic extract, on further concentration, 
yielded long, colourless prisms whieli, after recrystallisation from 
0 10 melted at 113", were moderately .soluble in water, soluble 
0- alcohol, and extremely soluble in benzene. This substance 
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was (b'oiind : N — 20-35. 

requires N = 20-48 per cent.}. It dissolved to a colourless solutirjr 
in concentrated sulphuric acid. 

h-Benzylseimcarbazith H i/drochloride . — The semicarbazoiie 
heated at 50'^ with tweh'e times its weight of .Y-hydrochlorir adri 
until solution was effected. The solution was then extractiv’ 
with ether, and the aqueous portion evaporated to dryne.ss iji j 
vacuum on the watei'-l)alh, The white, flaky residue, cousiqi;].^ 
of the hydrochloride, recrystallised from alcoiiol, separated as ■ 
thick, felted juass of colourless needles easily soluble in water 
soluble in alcohol, insoluble in other. It melted at 22-t--:lyv 
(Found: Cl 17-46. requires Cl 17-62 jxi 

cent.). 

Crude acctone-A-l}en/ylseinic.:irbazone containing -s-dibeiizAicarK 
amide may he conveniently used in this hydrolysis; s’-diben/vl. 
carbamide, being .s|)aringly soluble in water, can be easily separaU-d 
f ro r n 8 - be n z y Ise m i c a r ba z i d e li yd r oc h 1 or id e . 

^-Bpuzj/Jsmicarbazidr . — To an absolute-alcoholic sohition (,f 
the hydrochloride an aleoludic solution of sodium cllncxide ran 
added until the solution was alkaline to phenolphthalein. 'W 
sodium chloride wa.s filtered off and the filtrate evaporated lo 
dryness at the ordinary temperature by means of a cniToiit d 
dry air free from carbon dioxide. The yellow residue was treated 
with hot toluene and the filtered extract cooled in ice, when fbtood- 
spmicarbazidc separated as a white powder consisting of .'^niall. 
needle-shaped cry.stals, which were washed Avith light petroleiiiii 
and dried in a vacuum. The substance melted at 111 it Ava< 
soluble in water, ether, or chloroform, very .soluble in alcolm!, 
soluble in hot benzene and in. hot toluene, and insoluble in lidit 
petroleum. The aqueou.s solution is neutral (Found : X — 
25-64. CgHjj^OX^ requires X ■- 25-45 per cent.). The tK-nzjiliih'of 
derivative Avas obtained by shaking an aqiu'ons solution of tlK* 
Ipvdrochloridc with a fcA\- dro]is f)f bcnzaldehvdc and reervsta!li>iip[: 
the precipitate from alcohol; it separated in beautiful. large, 
lustrous prisms melting at I3tC (Funiid: X — 16-77. 16-7}. 
requires X - 16-60 per cent.). 

Action of x-Phnyh lh>flainiiic on Act /onr-spinivarbazour. 

The a-j)henylethylamino was prepared by the retluctioii A 
aeetophenoiieoxime. It Avas found that tlu- usual method A 
prepariiig this oxime (Jaimy, Bcr., 1SS2, 15, 2781) could be atit 
mAich shortened by adding from time to time j)otassium hydroxide 
to neutralise the acidity which a()peare(l during the reaction: 
the oxime invariably separated as a solid and in practieally pni’t' 
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condition when the reaction mixttir\‘ ua^5 poured into vigoron.siv 
agitated ioo-water. 

Icarha-.one.—Thh was i)re[)ared, in 
tlie same way as the acetone-o-henzylsemiearbazone previously 
desoribed, by adding K-phenyhdliylanune (l-d iiiols.) lieatcd a*^t 
PSir to aeetoneseinicarhazone (1 mol.) at the same temperature. 
The mixture was cooled and acidified with dilute acetic acid after 
the addition of an equal volume of alcohol and a little ice. On 
diluting \\'ith water, a udiite precipitate appeared, which wa.s 
collected, washed w ith w'ater, and dissolved in the mirnmum quantilv 
of hot alcohol, from which the .semicarbazono separated in colour- 
less prisms on cooling i]i ice. Acetone-'^- y.-phcHi/hifhi/lse}nicarbazotie 
was very soluble in alcohol or benzene, and almost in.soluhlc in 
light petroleum, and w^as best reerystalli.sed from a mixture of 
heiizene and light petroleum. It melted at 1 14 ' ( Kound ; X — 19-04. 
requires X = 19-17 per cent.). 

r-d-oL-Phen yleth ylsc m icarbazidc llydrorh lorhh . — The semiearbazoue 
was heated with about ton times its weight of X-hydrochloric 
acid in a boiling wa(er-l)ath, and the solution, when cold, wa.s 
extracted with ether, llu- a(| neons portion b(ung evaporated to 
drvnes.s on the water-bath. The residue was reerystallised from 
absolute alcohol, from which the hydrochloride se])arated in small 
prisms melting at Kid' with decomposition (Kound : 01 Ui-47. 

C 9 Hj.jOX; 3 ,HCl rerj Hires 01 -- - lo-47 per cent.). 

'[’hese experiments were then repeated, using f/-z-plienvlethvl- 
ainiiie. The base employed gave [afii - 40-S\ 

Acfi re Acefo ncA - -i- ph enyl cthyUc m i <:a rb(f zone . — 'rhe la-a et i( m wa.s 
rarrifd out in the same way as in the preparation of tlie racemic 
st-iiiieyrbazone, and a sijiiilar plan was adopted in working up the 
Itrudiiet, wliicli was finally reerystallised from light petroleum; 
a small, insoluble residue nunained. The .solution depo.sited 
Ijeaiitiful, rhombic prisms of tlie semiearbazoue, which, after 
reerystallisatioM, melted at 81 . Sometimes, after a crop of prism.s 
had continued to grow for some time, the supernatant liquid 
suddenly became cloudy and a white, apparently amorphous 
precipitate gradually separated. In such a case, as soon as the 
cloudiness appeared, the supernatant .solution was agitated and 
decanted, and tlm prisms were washed with a few c.c. of euld 
-A -hydrochloric acid, which readily dissolved the amorplious 
precipitate. From the solution which had been decanted, the 
]>recipitate continuc-d to si-parate fiw .some time, but afterwards 
pri.snis again began to a})peai', At this stage gentle heat wa.s 
applied, when the prisms redissolved mucii more n-ailily than the 
precipitate, which was then illtered off. In this way a sejiaralion 

ii ii 
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could be ejected, The precipitate, after rccrystallisatioti fivjci 
benzene, melted with decomposition at 185°. The quantity \vas 
too small for investigation ; the substai^cc was possibly a derivative 
from carbamide. 

The active acefone-G-x-phemjk(hi/lsemicarbazone was extreiiiclv 
soluble in alcohol or benzene, and moderately soluble iu 
petroleum (Found ; N = 19'57, 19' 60. C12H17ON3 require 

19-17 per cent.). It was Iscvorotatory in alcoholic solution- 
0-7820 gram in 10 e.c. of alcohol gave aj'f — 5-26° (? — 1), wlu-nce 
[a]|f - 67*3°. Both tlie racemic and the active semicarbazoiuv 
became bright red on addition of concentrated sulphuric acid and 
ultimately gave an orange-coloured solution. 

Active ^‘TL-Pheni/JelJujlsemicarbazide Hydrochloride.— 'W q active 
semicarbazone was heated on the water- bath with ten tiinc.s it^ 
weight of xY- hydrochloric acid, and the solution concentrated 
until crystals appeared. After cooling, these were colleetod, 
washed with a very little water, dried, and thoroughly washed 
with benzene. The hydrochloride formed beautiful, pearly plates 
melting with decomposition at 189°, was very soluble in water, 
soluble in alcohol, and insoluble in benzene (Found : 01 16-40. 

C9 Hi 30N3,HC1 requires Cl 16*4:7 per cent.). It was dextro- 
rotatory in aqueous solution : 0-97G() gram iii 10 c.c. of water 
gave a’if -I 6-56°, w’hence [a]b- -f 66 0°. 

In conclusion, we desire to express our thanks to tlie Carnejiie 
Trust for the Universities of Scotland for a research grant whidi 
has partly defrayed the expcn.scs of this investigation, 

OHfiANIC CuUMISTRV D]:;rARTMEN'l\ 

TiiE Koval TecriMrAL Collkok, 

Glasgow. [RtcticciJ, April IfULtj 


XCIX . — Eeadions of Thiosemicarbazo7ies. Pari /. 
Action of Halogen Compounds, 

By Forsyth James Wilson and Kobert Burns. 

Tiiiosemicakbazon]:s of numerous aldehydes and ketones have 
been prepared chiefly by Xeuberg and Xeimann {Ber., 1902, 35, 
2049} and also by Freund and Schander [ibid., p. 2602). The.«i* 
thiosemiearbazonea yield metallic derivatives in which the metal 
is apparently attached to sul})hur, R.2C.’N*NH'C(SM}!NH or 
R2C!X*X!C{SM)*NH2 . a methylthiol derivative was obtained in 
the form of a hydriodide from tliiosemicarbazide and methyl iodide 
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by Freund and Paradies (i3er., 1901, 34, 3114), and may be repre- 
sented as nh 2 'NH-c(smc):]S[h,ht, or , 

^Vliilst thiosemicarbazidc itself and its alkyl derivatives liave been 
studied by several investigators, chiefly by Pusch and his collabor- 
ators 1001, 34, 320 ; 1903,36,1302; 1904,37.2318; 1900, 
42. -IdOC, 4602), comparatively little work lias been carried out 
witti the thiosemicarbazones themseh’es and their metallic deriv- 
atives v’here the reactive group of Ihiosemicarbazide is 

ab.sent, 

[n this paper, the behaviour of inetallic derivatives of acetone- 
ihiosemicarbazone towards halogen couipuimds lias hifcrn inves- 
tigated, The sodium derivative of this thiosemicarhazone has not 
previously^ been de.scribed ; it is easily prepared, and was found 
to ho the most .suitable metallie derivati\e for this work. 

The action of ethyl iodide on (his sodium derivative was first, 
investigated, but no satisfactory product could be obtained, 
decomposition accompanied by evolution of mercaptan taking 
place during the reaction. Benzyl ehloride, however, gave a 
stable produet crystallising iii long, radourless needles of melting 
point 51 — 52°. The structure of tins compound was shown to 
be DIe 2 lX’X!C(S*CH 2 Ph)'NH 2 ; on heating with sodium hydroxide 
solution, it yielded benzyl mercaptan, ammonia, and acetone. 
Tlic alternative formula, CMe^lX-XH-CJfS-CiPPhllXH, is inadmis- 
sible, since treatment with benzeiiesulphouyl chloride and sodium 
cthoxide yielded the sodium derivative of a sulphonamide, 
CMe 2 kVX:C(S-CH 2 Ph)-XXa-S 02 Ph. The hydriedide of the mcthyl- 
tliiol derivative obtained by Freund and Paradie.s [loc. cit.) would, 
(in this analogy, posses.s the formula XIl 2 *XIC( 8 Me)-XK.„HI. 
CoiTcsponding with this, the sodium derivative of aeetonethio- 
seinicarbazone would be CMe 2 lX-X;C(SXa)-XH^. 

Hydrolysis of the foregoing X-benzylthio.semicarbazonc by 
warming witli dilute hydrochloric acid gave acetone and the hydw^ 
cJiloride of S-benzylihioscmicaybcaidc, XIIo’XlCkS-rH.jPhl-XH^.HCl. 
This salt, a.s was also the sulphate, [XH 2 'X!C(.S*CH 2 ph)-XH. 2 ] 2 ,H 2 ^ 0 j, 
which was prepared, was rolativc'ly stable. Attempts were made 
to ol)tain the free base from it, but a pure product could not be 
isolated. The hydrochloride reacted readily with benzahh^hyde 
in aqueoas solution, yielding benzeddehydi-S-bcnzylthiosmicarbazouc, 

CHFh:x‘X:e(8-cH2Ph)-xii.2. 

Ihe action of esters of certain a -lialogen -substituted acids on 
the sodium derivative of acetonethiosemicarbazone was also inves- 
tigated. In the hope of obtaining an optically active thiosemi- 
earbazoiie derivative, the action of ^mellthyl chloroacctatc was 
tned; it ^v'as found, how'ever, that menthol was formed during (he 

n II"* 2 
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reaction and a substance melting at 175~- 176° was obtained. Etliyi 
cliloroacctate yielded the same substance, wliicb was shown to 

i^-thioht’dantoin d(‘rivative of the stnictiivo 

since lieatiiig with concentrated hydrochloric acid effected a smood 
hydrolysis into acetone, hydrazine hydrochloride, and 2 : 4-diket,. 

tetrahydrothiazole, . Tliis appears to be a fthi,,. 

hydantoin derivative of a new tyi^e; such derivatives should ^ 
easily obtained by this method. This reaction is similar to trie 
one which occurs on lieating ethyl cliloroacctate witli thiocarhamiih 
in alcoliolic solution, 

m /XH-co 

Xli:c<gjj" + CHjCl-COiEt = a- ElOH, 

whereby i^-thiohydantoin hydrochloride results (Mulder, B<f„ 
1875, 8, 1264; Claesson, Bcr,, 1877, 10, 1352). 

Ethyl chloroformate was found to react with the sodium deriv. 
ative of acctonothiosemicarliazone in benzene suspen.sioii. Tlit 
mixture became hot, sodium chloride separated, carbon dioxkic 
was evolved, and a substamu' melting at 188—189“ was obtairied, 
It has been shown by Dixon ('I'., 1903, 83, 550) that thiocarbamidf 
and mono-.substituted tliiocarhamides react with chloroformate 
in the heat with evolution of carbon dioxide and formation ofth 
livdroehloride of a i^-thiocarhamide the suipliiir of which isattadu-'; 
to the li vHrocarhon residue of the cliloroformate. 

xHriSH)*XTD chco.i^ - nu:('(8K)-xh2,h(:i t co. 

since healing with sodium hvdroxi(l(' solution yields a mereaptaii. 
On this analogy, the siihstance molting at 188 — 189' iwnild W 
CMe.,;X'X!C(SEt)-XH 2 : the analytical results and a inoloculai' 
weight determination were in agnunnent with this form iila, but ii 
i.s highly im{)robable that the ethyl group is attached to sulpliiir. 
since we tailed to obtain a mercaptan from it ; further, the nulttng 
point is relatively higii (the eoM'(‘spouciiug X-benzyl dciivatiw 
melts at 51 od'). ibjssihly the ethyl group is attached ti> 

nitrogen atom, but the constitution of tins substance is still iiiidei' 
investigation. 

The action of acid (‘hloridt's on the sodium derivatives of tlno 
semicarhazoncs a[)pcars to give rise to a mixtun* of 
wliieli are at pr(\>ent being invest igaDa I, 1 he action of ^mciit iw} 
acetyl chloride and of methyl /-chloiosuccinate on these suia!« 
derivatives, and tin* action of primary amines on thioscmicarbazoiio 
are also Dung stinlietl. 
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E X P E K I .M £ y T A L. 

Tho acetonethiosoniicarbazono rcHj^uin'd in these exfieriinents 
prepared by heating nndcr reflux 30 grains of thio.seniiuarbazidc 
with 200 c.e. of 90 lier cent, alcohol and 70 (/.c. of acetone until 
solution was etTectod. On cooling, the thioscmicarbazone separated 
in the pure state, melting at 178— 179 ^ The yield was 80 per cent, 
of the theoretical. This method is more eonvfmi<mt than tlie one 
described by Freund and Schander (hr. rir). 

The si/rer derivati\e was olitained as a \\hite precipitate liy 
adding an alcoholic solution of acetonethioseniiearliazone to exce.ss 
of alcoholic silver nitrate solution. It is sensitive to light and very 
sensitive to organic solvents, and was not olitaincd in a pure .state 
(Found: Ag = 43-0, 44*0. require.s Ag ~ 45-3 per 

cent.). It did not react witli alkyl Jialoid in ether or light petroleum ; 
ill alcohol or benzene, complete decrimposition took plain.: on heating. 

The sodiii/fi derivative was obtained liy adding the calculated 
(|U;uitity of sodium ethoxido in alcohol to the thioscmicarbazone. 
dissolved in the minimum quantity of hot aleoliol, boiling for five 
iniiiute.s, and then adding to the cold solution three tf> four times 
its vohuue of cthc]'. The sodium derivative (yield, 90 — 95 per 
cent, of the theoretical) was oollectod, washed with ether, and dried 
ill a vacuum over .sulphuric arid (Found : Xa 15-30, 15*10. 
Fjli^XgSXa requires Xa =-■ 15-03 per cent.). It was a white 
powder, soluble in alcohol or water, and insol uiilc in benzene or 
ether; the aqueous solution rcact.s alkaline. 

A aio ;//// h lose rnkarbaMur- . 

The calculated quantity of benzyl chloride was added to the 
sodium derivative of aeotonethiosemicarbazone dissolved in the 
minimum quantity of alcohol and the whole allowed to stand over- 
night. The mixture was then boiled iiiider reflux f(U’ five )ninutes, 
the sodium chloride filtered olT, and the filtrate eva])orated to 
dryness under reduced pressuri' at a.s low a temperature as possible. 
The resulting pasty mass was pressed on porous porcelain and 
recry.slahised from light petroleum. The sul)stance separated in 
long, colourless needle.s melting at 51 — 52' and was very soluble 
in alcohol, ether, or benzene (Found : X'^ - - 19*14, 10*03; M ~ -17, 
22o by the cryoscopie method in benzene. requires 

X ~ 19-00 per cent, : M — 221). 

riiis thio-etlier was boiled under reflux with 2.V-a(pieous sodium 
ludrnxide until complete solution was effected (twe? hours). Am- 
monia was evohu'd and on distilliim acetone fuissed over: tliis was 
identified by "■he iodoform test and by conversion into its oxime. 
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The solution remaining in the distillation flask was acidifiprj, 
extracted with ether, the ethereal solution dried over sodiiini 
sulphate, and the ether evaporated. The residual lupiid 
identified as benzyl mercaptan by its boiling point (lOt -h);}-, 
o<lonr, and solulhlity in aqueou.s sodium hydroxide. 

Acetone-S-bcnzyUhiosemicarbazone reacted very slowly 
])cnzencsulphonyl chloride on shaking with- aqueous alkali. Rj;. 
action readily occurred in alcoholic solution; the substance iviu 
dissolved in alcohol, sodium cthoxidc (2 inols.) was added, and then 
benzenesulphonyl chloride (1 inok). The mixture was boiled for 
a few minutes, filtered hot from sodium chloride, and two tothrei' 
volumes of ether were added to the cold solution. The 
derivative of the siilplionamido separated as a white powdei. 
extremely soluble in water, less soluble in alcohol, and insohihlf. 
ether (Found: S = 10'73, 10-90. 0 |..H|g 02 N 3 SoNa requires S:^ 
10-71 per cent.). 

S-B(: }( z}jlth mnn icarbazide li}jdrocMorkh. 

Acetone->V-benzylthioseiLiiciirbazouo was warmed at (Ht ritr. 
A-hydrochloric acid on the watiu’-bath for twenty minutes. Tlif 
.solution ^\■as then cva[)orated to dryness on the water-bath, acetoiiv 
distilling off during the evaporation. Addition of dilute mdiiiic 
carbonate solution to the re.ddue caused tlie separation of a pwy 
.solid, which was very nn.stabie and could not be obtained in a purr 
condition. It was dis.solved in ether, and a current of dry hydrop 
chloride was pa.sscd through this solution, which had been previoibk 
dried over sodium sulphate. 9dm hydrochloride separated a? a 
white, granular precipitate, which was collected, washed witii 
ether, and dried in a vacuum f)ver sulphuric acid. It was soliiMc 
in water and in alcohol, and melted at 124 — 126^^ with deconipositioa 
(Found: X- 19-00; Cl - lO-OO, C^Kj^AVS^HCl rerpme-s Xy 
19-31: 01 = 10-32 per cent,). The sulphate was prepared uy 

adding a little concentrated sulpiiuric acid to an ethereal solution 
of the impure lia.se and recin'stallising the precipitate from alcolioi: 
it separated in .small, colourless needles melting at 148" with sliglit 
decom])osition, and was soluble in water and insoluble in 
[Found: H 28;04 = 21-10 as BaSO^. (CsHiiX 3 S) 2 ,H 2 SO, reijuire. 
II 2 SO 4 --- 21-30 per cent,]. 

Benzald(dijide^iidH:nzyIthiosfnucarhazon<i was prepared hy adaiiin 
a few drops of lieiizaldchyde to an a(picou.s solution of the Indn 
chloride and shaking. After standing over-night, tlm^fuhstaiirt 
was collected and i-eerystalli.‘'ed from alcohol, from which it 
ated in colourless needles melting at 190' (bound: X-- 
CigHisX'gS require.s X = l.r 6 l per cent.). 
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■idion of \-Menthyl Chloroaceiaic and of Eihijl (JhloroareUitp. on 
the Sodium JJerimtive of Aceiondhiosemicarbazone. 

/-Meiithyl chloroacctate and tlic sodium derivative were heated 
toiTcther in alcoholic .solution. Sodium chloride separated and the 
^ohition on concentration yielded menthol and a substance molting 
j 75 _- 176 ^ It was found that the employment of ethyl chloro- 
acetate instead of Z-menthyl chloroaeetate resulted in the. formation 
of the same substance. Ethyl chloroaeetate (1 mol.) was added to 
a warm alcoliohc solution of the sodium derivative (I mol.), sodiiiin 
chloride separated at once, and the reaction was complett'd by 
boiling on the water- bath until the alkaline reaction had disappeared. 
The solid which separated on cooling was collected, washed with 
vatcr, and recrystallised from alcohol, from which it was deposited 
in coloiirles.s plates melting at 175—176®. It was somewhat 
soluble in hot water, readily soluble in warm aqueous sodium 
hydroxide, from which it was reprecipitated unchanged on acidilica- 
tion, and readily soluble in hot alcohol or chloroform. The yield 
was 80 per cent, of the theoretical {Found: X -- 24-35, 24-36; 
J/ = 158, 162 by the cbuUio.scopic method in alcohol. CgHgOX 3 S 
requires N = 24-54 per cent.; M ^ 171). 

To determine the constitution of this compound, it was hydrolysed 
bv warming Avith very dilute hydrochhjric acid. Acetone, recog- 
nised by its odour and by the iodoform test, distilled over, and 
there was obtained apparently the liydrocldoride of a base, which, 
however, rapidly decompo.scd, giving a substance in.solublc in 
.solvents. A very smooth hydrolysis was effected by boiling the 
substance with concentrated hydrochloric acid; the solution was 
evaporated to dryness on the Avatc-r-bath, and the residue allowed 
to remain for some time in a vacuum over concentrated sulphuric 
acid and soda-lime. The crystalline mass was repeatedly extracted 
Avith hot chloroform, Avhich, on cooling, deposited 2 : 4-diketotetra- 
liydrothiazole, ideutilled by it.s melting point (125 — 126®) and by 
cumpaiison Avith a knoAMi specimen. The residue insoluble in 
chloroform Avas very soluble in A\ atei“ and Avas identiiicd as hydrazine 
hydrochloride by reduction of Eehliug's solutiui! and by conversion 
iiito hydrazine sulphate and into benzalazine. 

The substance melting at 175 — 176® Avas therefore a d'-thio- 

, . , .XH-CO ' 

hydantoin derivative of the structure CMcj^X^XIC-Vg • 

Action of Ethyl Chloroformate on the Sodium i)erivatire of 
A rdoncth m i ca rba zon e. 

Ethyl chloroformate (1 mdl.) Avas added Avith shaking to the 
sodium dcrivatiAx (1 mol) suspended in a small quantity of dry 
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benzene. The mixture became sufiiciontly hot to cause the 
to boil, and carbon dioxide was evolved. The reaction was 
pleted by boiling for an hour. The product was tiltered, Mashf,] 
with water to remove sodium chloride, and recrystallised 
alcohol. The .substance separated in colourless, lustrous OakR 
melting at 188 — 180^ readily soluble in hot acetone, niodoratdv 
soluble in boiling alcohol, and almost insohihle in bcnzcjie or ohlr)fQ 
form, It dissolved in hot water and in cold iupieous so(!iiii„ 
hydroxide, and slouly dissolved in concentrated hy(lro(*hloric aOrj 
Tlie yield was very vari.ahle {Kound : X ’2(v80; S — -0-27, ^Ouii- 
C 4r>-()0; H -- S'Ob; J7 ^ 14(>, 140 l)y the ehullioscopic nv'lhfir] 
in acetone. CfiHj.NTS retfnirc.s X 2tj'4l ; 8 — 20-12 : C 4.‘)-i>s- 
11-8-18 per cent.; J/ = loO). On heating witli 2X-a<p.]oni].: 
sodium hydroxide for two hours, no mercajjtan could be detceEcfl 
after acidification. 

It was found that if alcohol were used instead of benzene the 
reaction took a different course. Sodium chloride scpara((‘(| air! 
acetoucthiosemiearbazone was formed, tlie alcohol leaetiiii; 
apparent! with the ethyl ehloroforjnate. 

in conclusion, we wLsli to exjwess our thanks to the (fovenioi^ 
of this College for a scholarship wliieh ha.s enabled oiu' of iis (h. Bj 
to participate in this investigation, We desiix' also to thank tin- 
Caniegio Trust for the rniversities of Sc-otla nd for a research gram 
which ha.s jmrtly defrayed the expenses of this work. 
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i\—Thc Essential Oil from Blunica Malcomii. 

fly JoHX Lionel Simonskn and .Madyar Goral Kat. 

Hlunud Malcomii, which is kiioun in Marathi as ' is a 

small herb the stem of wliieh is covered Avitli rougli wcdl. It 
occurs in the we.stt'rn part of the Deccan plateau at (Lwalitue 
above 2u00 f(‘el. Tlie lierl) has a pleasant eamplmracemis mtu-ll. 
and it A\as suggested in 1914 by tlie then Divisional Forest Oflio-r 
of Belgaum. Mr, Ht)dgsoin that it might on distillation yiCd mi 
essential oil. Ih’eliininary exjiei'iments madi' in tlu' tield iti dH’ 
by Mr. Puran Singh showed that the herb <m distillatinii in stram 
yielded about 0-2(1 per cent, of an oil which reseinbled eiirinvav- 
seed oil in .smell, Imt w<'is .somewhat milder. During the k-'* 
growing season (Xo\eniher, 1921) a further quantity of the nil 
was distilled in a small cainp-still at Belgaum, since it was fouml 
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Ihat the herb, if kept for any length of lime, lost practically all it>; 
'll ^.(Hitent. The small young herfis w ere found to giv(‘ the highest 
held of oil, which, in confirmation of previous results, was found to 
5 e about O-ilo per cent, calculated on the fresh, green material. 

A. careful examination of the oil has shown that it consists almost 
•ntirelv of two ketones, ^/-carvotanacctone (A^-menthen-^.onr) 
ind /-tetrahydrocarvone {p-uientliajL2-one), the former forming 
ptout 82 per ceiit. bv Avcight of the oil, and the latter about 10 per 
yiU. 'J'he two ketones were readily soparatr‘d by taking ach'antago 
of the fact that, whereas carvataiiacetoiu* readily reacted with a 
T'litral solution of sodiinn sulphite, lelraliydrocarvono. did not 
'cact with this reagent. Th(' /-tc'trahyiiroearvoiie was .separated 
Toiii the residual oil by means of its sparingly solubh' semioari)- 
jzone, since, although it formed a crystalline comj>oiind with 
sodiuiu hydrogen sulphite, this substance vas so readily ili.ssoeiated 
bv water that its use was not found to lead to satisfactory results. 

The oecurrenee in nature of carvotanacetone would not apj^ear 
to have been previously dehnitely established. Wallach (Annalf'n, 
J8i)4.279. 38-1), who first isolatefl this k(dotie from thuja oil, doubted 
vhether it existed preformed in the oil, since lie considered that 
ithc small fjuaritity present might have bec^n formed from thujone 
yturiisg the process of extraction. The identity of the ketone 
^isolated hv means of its .sodium sulphite compound from Bhunm 
A^nhmll with d'Cainotauaci^tone was clearly sliown by a coin- 
iparisoii of its physical propei'tic.'s with those ^vhich have been frmnd 
i(!r carvotanacetone and also by the properties of derivatives 
!(sec Table I). 



* ILu-ytT, ;>Vo, iS93, 26, S22; 1891. 28. 118S: IStMi, 29. .37. Wulhu-h, 
iS93, 277, Li:!; JS94, 279, ‘3 SI; 189,7. 286. 102; IS99. 305, 200; 
iyin, 312 , -oj. iQ(, 4 ^ 1901, ISvr.. 1901, 

34, 1928. 
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The oxidation of carvotanacetone with potassium pernianga 
was investigated by Semmler {5er., 1900, 33 , 2454), who obtaM 
pyruvic acid and i^opropylsuccinic acid. The authors have 
that under the experimental conditions used by them (sec 
acetic acid and p-bsQ|wopy]glutanc acid are the sole proiiScts j 
the reaction. No evidence of the presence of pyruvic neid ui 
obtained; the formation, however, of ^-Mopropylglularie add 
affords definite proof of the constitution of the' kelonc un t 
investigation, 

The presence of tetrahydrooarvoue in nature does not aime 
to have been observed previously, although it has been ]jroj)aj-fd 
synthetically both in its racemic and optically active forms tv 
Baeyer and Wallach [Inc. ciL). The identity of the natural keton! 
with that prepared synthetically will be clearly seen by refeionf' 
to Table Tt above. 

From the active ketone, Wallach {loc. cU.), besides isomeridc^ of 
low’er melting point, isolated a pure semicarbazone melfiiifl 
186— 188 ^ whereas Baeyer {loc. cit.) has shown that the semi- 
carbazonc of the active ketone melted at 194— 195^ In agreement 
with Wallach, the authors have found that ^tetrahvi-lrocarvoiif' 
on treat nicnt wuth semicarbazidc, gave a mixture of sennearl>azoiie> 
from which, however, the main fraction w^as obtained in beamlfni 
needles melting, as slated by Baeyer, at 194— 195-\ It mav 1- 
mentioned that W^allach also obtained a small fraction nirlbii't!: ai 
this temperature, but he did not describe the substance in detai], 
It was not found possible to separate from the more fusible frattioji' 
a pure .S- semicarbazone, altliough the absence of any other ketaiic 
was established by hydrolysing the crude mixture of seinicarbazenfs 
and converting the resulting lictonc into the oxime, which lueltC'd 
at 96 — 97”. The formation of a mixture of semicarbazones cannoi 
be regarded as surprising, since tetrahydrocarvone, like ineiitlioiie. 
should exist in four active and two racemic forms. A furtho’ 
study of tetrahydrocarvone is therefore contemplated with tk‘ 
object of pre])aring the optically pure isomerides. 

An interesting fact to which attention may be directed that 
whereas the carvotanacetone is dextrorotatorv, the tetrahydro- 
carvono is Isvorotatory, It would appear probable that thf 
tetrahydrocarvone is formed in the plant by the reduction of tlu’ 
dextrorotatory carvotanacetone, during which process a cliaiip' 
in rotation takc.s place. In confirmation of this view, attention 
may be directed to the experiment.s of Vavon {Compl. rcnii., 

153 , 69), •who ba.s shown that when f/-carvone is redu'^ed with 
hydrogen in the presence of platinum black, eZ-carvotanacetoiie e 
first formed, which on further reduction yields btetrahytlrocarvoni 
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and Metrahydrocarveol. Tt would therefore appear to be more 
correct to call laevorotatory tetrahydrocarvone d-tctrahydrocarvouo 
to iudioate its relationship to d-carvone and d-carvotanacetoue, 
but in view of our imperfect knowledge of the stereochemistry of 
file isomeric tetrahydrocarvones this change may for the present 
be deferred. 

In addition to the twf> ketones, a trace of a plienol was also 
isolated together with a mixture of fatty acids and sesciniferpeiies, 
but they were not olitained in sufficient ([uantity for identification. 

Experiment a l. 

I'lio oil used in these experiments was jiale brown and liad a 
smell resembling that of caraway-seed oil, but had in addition a 
distinct smell of peppermint. It had the following constant.s : 

0‘92f)6, 1-4749, -}-40-7G'", acid value 0-11, saponi- 

tication value 22-93, saj^onitlcation \ alue after acetylation fiO-63. 
The amount of ketone present, as estimated by absorption with 
neutral sodium sulphite solution, wa.s 82 per cent, by weight, Avhilst 
the total ketonic content estimated by means of hydroxylamine 
(Bennett, Analyst, 1909, 34, 14) wa.s found to be 97 per cent. 

In order to determine the constituents present in the oil, it was 
washed with dilute sodium carbonate solution to remove the free 
aeid.s, then wdth a o per cent, solution of sodium hydroxide to remove 
the phenols, and finally it was treated with exee.<s of neutral sodium 
sulphite solution to extract the ketone. The residual oil wa.s 
reserved for further investigation. 

(\-(A-n'vofnuacefone. 

The neutral sodium sulphite solution, which contained the bulk 
of the oil, was made strongly alkaline wiili sodium hydroxide 
sohition, the oil which sejiarated dissolved in ether, the ethereal 
solution dried and evaporated, and the ketone distilled at 100 mm., 
when almost the \\liule passed over between 154' and l.j5\ On 
redistillation at the ordinaiy pressure, it boiled eoivstantly at 
227-5"/707 mm. The coustaiits of the oil are given in Table 1 
(Found: C - 79-0; H 10-5. Calc., C = 79-0; II - lU-4 per 
cent.). 

^’Carvotanaf'.do.v.imc. — d'his substance, which w’as prepared in 
the usual manner, crystallised from methyl alcohol in beautiful 
prisms melting sharply at 77'’, In iiietliyl-alcoholic solution it was 
de.xtrorotatory, y 15-3'’. Wallach [he. cit.) gives the value 
- 19-2" (Found : 0 ~ 72-1 ; E - lO-l, C^alc,, C - 71-8; 
H = 10-2 per cent.). 

^l-Carvotan^reiofie Hydroxylamino-onme. — This substance was 
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prepared by the method used by Kead and Smith (T., 

783) for the preparation of piperitone liydroxylamino-oximo. pjj,! 
crude product was distilled in steam to remove a trace of the nxinjo 
and finally purified by crystallisation from ether, when it 
obtained in fine needles molting at 9o — 9fi“. Tt crystallised 
stated by Harries [loc. cit.), with half a molecule of water of ervsta! 
lisation (Found : C = oT-l ; H — 10-3. Calc., C = 574; H l* Khj 
per cent.). 

d-Carvota)iac€fonm>niicarhazonc crystallised from methyl akobil 
in glistening rhomboliedra melting at 173 — 174^, In pvriflino 
solution, it was found to be dextrorotatory, [a]j; 

Wallaeh {loc. c/7.) gives the value + 1 14-69'' (Found ; (.! - ij;].,}. 
H — 9-3. Calc., C — 63-1 ; H — O-I per cent.). 

d-(hrvo(anacetoiicpJicn ylhj/dnKonc . — Tliis sub.stance, wliich (!(n.s 
not appear to have l)een flescriljcd previously, ^^'as readilv feniHvl 
when equimoleciilar ju’oportious of r/-earvotauaeetoiie and plienvl- 
hydraziiie were warmed together on the water- bath for a slioit 
time in the presence of a little acetic acid. It was purified liy 
crystallisation from aleoliol, from uiiich it separated in almost 
colourless needles melting at 91 — 92 C In pyridine solution, it 
was dextrorotatory, [a]]) -p 93-97^ (Found : C 79-2: H 

requires C-^79-3; H = 0-1 [jer cent.). d-Carvolan- 
acetonepheuylliydrazone would af)|)eai' tt) be dimorphous, since il 
was obtained also in fatty plates which melted at the tompcratiiri' 
given above. It was found to he extremely unstable and decom- 
posed completely, giving a red oil, when kcfit for twentydour hours, 
It dissolved in dilute sulphuric acid, giving a clear emerald-green 
solution which on warming clouded and becatue colourless, the 
ketone being regenerated. All attempts to convert the hydrazoiie 
into the cotTesponcling carbazole derivative were uusiieeessfiil, 
The cofiqwund of //-earvotanaeetone and hydrogen sulpliide crystal- 
lised from acetie aeid in glistening needles melting at 225— 2:7) . 

Oxidation of d-Carvotanacctonc . — ^Tlic ketone (59 grams) was 
mixed with dilute sodium liydroxide solution (20 grams of XaOH.l 
and after the addition of ice i)otassiuni pennauganale sohitien 
(5 per cent.) was added, the whole being well stirred, until a 
manent pink colour was oiitained (approximately 4000 e.c. of the 
solution of permanganate were required). After filtration. Ihc 
alkaline solution was concentrated to a small bulk in a current of 
carbon elioxidc, acidified, the acids formed in the oxidation were 
extracted witn ether, and tiie ether was dried and evajjnrated- 
The crude mixture of acids, which smelt strongly of acetic achl. 
was carefully tested for pyruvic aeid witli negati\'e ro.sults. Ih'' 
mixture of acids was esterified in the usual manner, and the result- 
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ing e.ster, which smelt strongly of ethyl acetate, fractionated under 
(limiiiished pressure (28 mm.), when almost the whole passed over 
between 154° and 155° {yield 50 grams). The acid formed by 
Iiydrolysis of the pure ester with alcoholic potassium hydroxide was 
isctlated in tlie usual manner, w'hen it w’as obtained a.s a crystalline 
ciikt*. It was purified by crystallisation horn water, when it 
.separated in plates melting at 103—104° (Found: C-55-3; 
]{ 8-0 : M 175. requires C 55'1 ; K = 8-0 per 

rent.; 174). This acid evidently consisted of r-fiopropyl- 
ghitaric acid, which is stated by Howie, s, Tliorj)e, and Udail (T., 
J{)00, 77, 944) to melt at 100°, The anilic acid was ])rcpared a.s 
described by these authors and crystallised from alcohol in lustrous 
])lates or from benzene, in Avbieli it was very sparingly soluble, in 
rosettes of needles melting at 123°, whereas Howies, Thorpe, and 
Fdall give the melting point as 121^ (Found: N = 5-6. Calc., 
>; — 5-() per cent.). 


l-Tdmhydrocan'one. 

I he oil leinaining after the removal of the d-carvotanacetone 
ivith neutral sodium sulphite solution was distilled under diminislied 
pressure (lOU mm.), when, after a few drops had passed over below 
UOb the main fraction distilled at 147—100°, a further small frac- 
tion being obtained which distilled from 100—180°. The fraction 
boiling between 147° and 100° had a strong smell of peppermint 
and reacted immediately with seiniearbazide. It also formed a 
compound on shaking for some time with a solution of sodium 
liydrogcn siilplPte. This compound, which crystallised in One 
needles, wa.s dissociated somewhat readily by water and therefore 
was unsuitable for isolation of the Indone. The whole of the oil 
va.s treated with exce.ss of semiear bazide, and after standiiig for 
seme days tlie crystalline siunicarbazone wliich had sei)arat(‘d was 
collected. 

^I'or the ]jrcparatioii of the pure ketone the crude semiearbazone 
(HJ grams) was crystallised from a large quantity of aleoliol, when 
a arge fraction (oO grams) was obtained in tine needkes melting at 
1JL- -193 . On further crystallisation from aleoliol, the melting 
point was raised to 194 — 195 decomposition taking place slightly 
a jci \ i t li.s temperature. /- letrahydi’ocar vonesomicarbazoue cry.stal- 
i^Cf m ung, prismatic needles, and in pyridine solution was found 
u iJc optically inactive, aitliougli the ketone obtained therefrom 
J'as optically active (see Table 11) (Found : C - 924 : H 9-8. 

^ “ 92*0; H --= 9-9 per cent.), 

ac’ r 'vith dilute .sulphuric 

^ j le xctone w^as obtained, which was purilied by distillation 
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in steam and fractionation, first under diminished pressure (ioq 
mm.), when it distilled at 146 — 148 and finally by di.stillation 
under the ordinary pressure, when it boiled at 2! 8'5— 2l9^/7()r) 

The constants of pure Metrahydrocarvone are given in Talilo II 
(Found: C-7S0; H - 11-4. Oalc„C-77‘9; H -- II .7 
cent.}. 

The more soluble semicarbazones from which the pure i-tetra- 
hydrocarvonesemieai'bazone had been separated were fractiouallv 
precipitated with water. The fractions crystallised, as stated b'v 
Wallach {Joe. cit.), in needles, but a fraction of constant ineltiutj 
point could not be obtained. The absence of any other ketone 
wa.s proved by the fact that the ketone regenerated from the soluble 
semicarbazones distilled at 146 — 148''’’/100 ram, and yielded an 
oxime which crystallised immediately and melted at 96 — 97 \ 

I'he oil remaining after the removal of the ^tetrahydrocarvone 
Avas boiled with excess of alcoliolic potassium hydroxide .solution 
to hydrolyse any esters present, and fractionated under diuiinishwl 
pressure (100 mm.), when a small quantity of an oil wa.s obtained 
which passed over between 160° and 180°. It was pale yedlow in 
colour and e^■idcntly consisted of a mixture of sesquiterpenes and 
sesquiterpene alcohols. It was not obtained in suflicient fpiantiiy 
for purification. 

Free Acids . — The sodium carlKmatc extract of the original oil 
(see above) was extracted with ether to remove any adherent oil, 
acidified with dilute sulphuric acid, and distilled in steain, the 
distillate being collected in two fractions. Both fractions, wliicli 
had the ii.sual smell of the higher fatty acids, were converted into 
the silver salts in the usual inanner and gave the following re.sults 
on analysis: Fraction I. Ag -- oo-O. C 4 Hy 02 Ag requires Ag - 
r>o4 per cent. Fraction 11. Ag = 42-8. CgH^.O^Ag requires 
Ag = 43-0 per cent. From tlu'se results it would appear that ihfi 
free acids present consisted of a mixture of butyric or f 6 ‘obiitjTic acid 
and ?^■octoic acid. The residue remaining in the flask after the 
removal of the volatile acids consisted of a resin, from which nothing 
could be .separated. 

Combined Acids. — I'he alkaline solution resulting from the 
hydrolysis of tln^ kctonc-free oil witli alcoholic potassium hydroxide 
(see above) was freerl from aicoliol and acidified with dilute sulphuric 
acid, 'i'hc mixture of acids thus obtained (3 grams) was distilled 
in steam., when a small cjuantity of an oil pa.sscd over. 3 he silver 
salt contained 49-7 per cent, of silver, ami the acid was probably a 
mixture of the two above-mentioned acids, A considerable quantit} 
of acid was not volatile in steam and was soluble in hot water, from 
which it separated as a viscid oil. The nature of this acid or uiixtuie 
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of acids was not elucidated ; the silver salt gave Ag = 45*7 per 
cent. 

FknoU.^yhc sodium hydroxide solution containing the phenols 
present in the original oil (see above) wa.s saturated with carbon 
dioxide, and the liberated phenol extracted with ether, the ether 
dried, and evaporated. The re.sidual oil (yield 0-1 per cent.) gave 
with ferric chloride a brown coloration. It gave, on treatment with 
benzoyl chloride, a small quantity of a crystalline benzoyl derivative, 
x\liich, after crystallisation from alcohol, from which it .separatcrl 
ill needles, melted at about 52—53°. It was not obtained in 
^iidlcierLt quantity for analysis, 

Forest Rese.^rch Institute, 

Dehra Dux. 'Received, March 2\Uli, 1922.] 


(\ —Prelminari/ Note on the Interchange of Alcohol 
Radicles in Esters. 

liy Akira Siiimomura and Julius Berend Cohen. 

The present investigation arose out of an attempt to obtain optic- 
ally active acids by distilling the methyl or ethyl ester of an inactive 
[dl] acid containing asymmetric carbon with an active alcohol such 
as h menthol or ^-borneol. 

The method is based on a paper by Purdie and Marshall (T., 
18SS, 53, 391), who found that alcohol radicles may be interchanged 
iti esters by treating the ester of ono alcohol with a second alcohol 
in presence of a minute quantity of metallic sodium. Later Cohn 
{Momtsk., 1900, 21 , 200) and Lapworth and Haim (T., 1902, 81, 
1701) found that ethyl acetoacetate partly exchanges its eth}^ 
group for menthyl by .simply heating the former with menthol 
without the addition of sodium. 

Altiiougli we failed in our object of producing optically active 
acids by this method, the results we have obtained by the .study 
of the action of menthol or borneol on a variety of e.sters in general 
seem sufficiently interesting to be recorded. 

tiiid that interchange takes place in the case of some esters 
botli with and without sodium, in others only when sodium is 
present, in others again no interchange occurs under eitlu'r condition. 

Ihe effect of sodium is probably to form the alcoholate with the 
ree alcohol, which then exchanges its radicle for the combined 
alcoliol of the ester. We have* bexm able to show that menthol 
ibcrate.s ethyl alcohol from sodium ethoxide, and we offer as a 
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provisional explanation, ^v'here sodiutn is used, the {ollov-j, 
sclieme : 

n 

(I.) -f 'ONa — >• H*C OR^ — > tl 'OXa 

OR'' 

(H.) R'*OXa + R"-OH R'-OH + R"-OXa, 

where R' is the inactive and R" the active alcohol group, Xliit 

such intermediate additive compounds are formed witli sodiuuj 

etlioxide has been shown by C'iaisen [Ber., 1887, 20, ()4lj). 

this we are unable at present to otter any explanation of the I’eactiyii 

Interchat]ge between menthol and ethyl acetoacetatc ocour^ 
readily m ilh or witliont sodium ; with the ethyl ester of 
acetoacetic acid it also occurs, but less readily; Mith the etlivi 
ester of methyh'tliylaeetoacetic acid no interchange can be elhct'd 
under either condition. Ethyl acetoacctate also undergoes iiuor. 
change M'ith borneol 

In the case of ethyl oxalate interchange readily lakes plae-'.' Iju; 
only in presence of sodium; but under no condition with etlivi 
malonaie or succinate. 

Again, interchange occur.s with methyl jilumylchloroacetalc. ur 
methyl phcnylacetate, but only if sodium is present; under similar 
conditions no interchange was observed with methyl jiheuylbroiini- 
acetate. 

It occurs also with ethyl benzoate, but again only in presence uf 
sodium, but no change was proiluoed with the methyl e^ttT d 
either o- or y;-toluic acid and only to a very slight extent m tb 
ca.se of the meta-acid. 

E X p i: u I M !■: n t a l. 

The following general method was adoptrul : a few eentigraiiis 
of metallic sodium were lir.st dissolved iu the menthol (('((uivalciit 
to the ester used) aud about 10 grams of the e.der were added. Ihe 
mixture was heated for several hours either at about luU ur at 
80—90' under reduced pressure, according to eircum.sta]Krs. lb 
mixture was then subjected to a careful fractional distillatiuii iirniu 
diminished pressure, 

\-M*nihol and Milhi/l {or Etkj/l) Pkoii/lactdafi:.- Ten grams ei 
ester, about 0'U3 gram of sodium, and the equivalent quantity '.'j 
?- menthol were lieated at 80—90 fur six hours at lU— 3U mm. 
pressure. A very small fraction (less than I gram), wliicli distilH 
at about 180 ',8 mm., was collected, aud after being subjectciU'-' 
steam di.stillatioii to scqnirate any mentiiul, was extracted ''hi' 
ether and dried nver sodium sul[diate. Tin' ethereal solution. 
evaporation, gave a colourless oil, showing [a][; - O.idE 
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/ 2) ill alcoholic solution, and was found to bo /-menthyl pheiiyl- 
arctato by analysis (Found: 0 = 78-3]; H O-ol. Calc., 

(' 78-78; H = 9-5o per cent.), 

iMeidho! and Methyl Phe}\ylchloroarAati\~\\hm a molccnlar 
mixture was heated at 80—00^^ for four and a half hours at 10— 
3(1 nun., no interchange of the groups took place, hu\ the addition 
(,f a small quantity of sodium gave a little /-menthyl phenylehloro- 
aeetale (3-8 grams from 9-3 grams of the methyl est(-r in one ea.^e 
and Ft) grams from 18 grams of e.ster in the other), wliieh di.stilled 
3 l i9(V-200' 'S mm. ajid solidified to a crystalline mass. It wasolo 
tained in eolonrless prisra.s from aler)hoI, m, p. 38—40 ', \y.]i - - 8(C 
p-^1'03, / = 2) in alcoholic solution (Found: Cl - 11-28. 
Calc.. Cl ^ 11 'do per cent.). It ajipeared to l>e identical nith the 


substance obtained directly from ^-menthol and phenvlcldoroaeetyl 
,hleride (T., 1921, 119, 1818). 

The inenthyl e.ster was liydrolyscd n'ith a calculated amount of 
alcoholic ])ota,sh (I c.c. containing O-OKJ gra?n of KOH) at the 
ordinary temperature, but, after complete se[)aration of the mcntliob 
the phenylcliloroaeetie acid (m. p, 77—78') obtained showed no 
appreciable optical acti\ity. 

[-Menthol and Ethyl Acetoaccfatc. — Following the method of 
Lapworth and Ilami {loc. cii.}, 10 grains of ester and 12 grams of 
/-nienliiol were lieated together at Tji)" for three and a half lioiirs 
ill a distilling flask; 2-5 grams of ethyl alcohol were condensed 
during the reaction, and on fractionating the product niider dimin- 
ished pressure 9-9 grams of menthyl acetoacetate (b. p. 133M2 mm.) 
were obtained, wbicli cry.stallised in fine needles (m. p. 32') either 
from ether or alcohol by cooling in a freezing mi.vturc. It showed 
[xji: -07-4° (r — 2-07. / = 2) in a freshly prejiared alcoholic 
.‘solution and ja]|| — 69-7 on the following day. The anhydrous 
copper derivative melted at 118°. 

A similar experiment was <-arrierl out witli addition of 0-0430 
gram of sodium, but without any improvement in the yield of the 
menthyl ester. 

[■Menthol and Ethyl Methylacrtoacffafe. — Tim grams of the ethyl 
c-'tiu’ and II grams of hmcntliol were heated togetlier at 140 — 
J-‘0 for five hours. The fraction (3-9 grams) which distilled at 
113— 149' '8 mm. wa.s collected. The menthyl ester boiled at 
131- 133' i I mm, and showed [TJit - (>7-7° (r = 2-34, I = 2) in 
a freshly prepared alcoholic solution and [y.]); — 09-0" on the 
f'-'llowing day (Found : 0 - 70-40; K 10-2(i, Fi.H.cOg require.s 
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160® for seven hours, a very small quantity of a liquid (Oq 
came over at about 150710 mm,, but was not identified. 

Seven grams of ethyl oxalate, 14‘9 grams of ^-menthol, and0 o>9 
gram of sodium were heated at 70—80® for four and a lialf 
at 10 — 30 mm. pressure. The product was separated into 
fractions : 

(а) 85 — 105® up to 135®/10 12 mm., 16-0 grams, 

(б) 155-167® up to 185®/10 mm., 2-4 grams, 

(c) up to 208®/10 mm., 1’2 grams. 

(a) was unchanged ethyl oxalate and menthol; {/;) appeared to 
consist of ethyl menthyl oxalate, but was not further examined, 
(c) solidified to a crystalline mass after standing for eight days at 
the ordinary temperature. When recrystallised from alcohol it 
formed colourle.s.s needles, m. p. 68® and — 100® (c = Kk) 
1 — 2) in alcoholic solution, and was identical with inenthyi oxalate 
prepared directly from oxalic acid and menthol in the fullomnff 
way ; 5 grams of oxalic acid were first dehydrated and then heated 
with 12-4 grams of menthol and 0-5 c.c. of concentrated sulphuric 
acid for five hours. The dark coloured product was extracted wili 
ether, u'ashed first with wmter, then with dilute sodium hydro.xide 
solution, and finally with w'ater again. The ethereal solution m 
dried over calcium chloride, and after the ether had been expelled 
it was fractionated under diminished pressure. The portion 
grams) wiiich distilled at 223 — 225°/i0 mm. was collected. The 
oil solidified slowdy to a crystalline mass and gave colourless prisnu 
on crystallisation from alcohol, m. p, 68® and [^]u — 100® (c ^ 1#, 
1 = 2) in alcoholic solution. 

Menthyl oxalate, unlike ordinary alkyl oxalate, docs not fjivc 
oxamide with ammonia, but meiiiliol is split off wiien it is Itratcd 
with ammonia at 150" for se\'eral hours. 

[-Menthol and Ethyl Benzoate. — Thirteen grams of ester anJ I.]-.' 
gram.s of menthol with a few centigrams of sodium were heated at 
SO® for four hours at 10—30 inm. pressure. When the product viu 
fractionated under diminished pressure, a portion (1-) grams), ■\'!iini 
boiled chiefly at 171— 173®/9 mm., was obtained and solidiM 
.slowiy to a crystalline mass. It formed large, colourless neeulC' 
from alcohol and show’ed in. p. 56® and — <S7-.>" (c = M. 
? 2) in alcoholic solution. 

It w^as identical with the /-menthyl benzoate jirepared din'd ^ 
from menthol and benzoyl chluiide, The latter showed m. p. 
and [a]ll -- 86-1® {c = 242, I = 2) in the same .solvent. 

l-Borneol and Ethyl Acetoaettaie. — Ten grams of ^dlnl 
acetate and IT? grams of /-bornCol wTro heated at 140- -h»d 
three hours; 2-1 grams of alcohol were condensed diuing 
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reaction. When the product was fractionated under diminished 
pressure, a portion (12 grams), which boiled at 140— ]50'’/10 mm., 
was obtained. On redistilling, ?-boriiyl acctoacetate came over as a 
coloiirle,ss, mobile liquid, b. p. 150—153711 mm. and [xj'if — 34-2’ 
^ 2*72, ? — 2 ) in alcoholic solution (Found: 0 = 70- 14; 
H - 9-29. C 14 H 22 O 3 requires C = 70-54 ; II =r- 9-31 per cent.). 

The copper derivative formed pale green microscopic needles and 
melted toward 212 ° with decomposition. 

\. Menthol and Sodium Ethoxide . — When a mixture of anhydrous 
sodium ethoxide and menthol was heated at 150 — 160° in an atmo- 
sphere of hydrogen, some ethyl alcohol distilled, which boiled at 
78° and gave the iodoform reaction. 

The following table contains a summary of our results : 


With Without 
Ester, sodium. sodium. 

With Z-monthol. 


Ethyl accUte - 

Ethyl bromoacetate 

Ethyla-<’yanopropionate - 

Methyl phenylacetato + (small) 

Ethyl ,1 -r ( !. ) 

Mcrhyi phenylchloroacctatc )- 
Methyl phenylbroraoacet ate - 
Methv! fl-bromo-j9-phenyl- 


propionate — 

Ethvl aofitoacetate -f 

Ethyl niothylacetoacetate 
Etlip methjlethylaceto- 

acotate — 

Ethyl osalat« -I- 

Ethy] maionate — 


With Without 
Ester. sodium. sodium. 

W'ith /-menthol. 


Ethyl sLicciriiite 
Ethyl benzoate ... 

Metlivl o-toluale 
Methyhu- ,, 

Methyl p- „ 

With /-borucol. 


Ethyl uectoaceUte 

Ethyl raethyleUiyhu'c'io- 

acetate -- 

Methyl phmiylehloroiicctiitc — 

With /-amyl alonhol. 
Ethyl niethylclhylaeeto- 
act‘T ate — 


-t- (very 
small) 


-f indicates the iiiterchaiige ol tlie [groups. 
— indicates no reaction. 


The Or(.'an <; CHEMitiAr. Lahoratokies, 

The University, Leeds. 'Itcccictd, March 21>?L 11)22. J 


QU.~The Surface Tension of Mir hi res of Alcohol 
and Water at 25 ®. 

By Louls Leighton Bircumshaw. 

Ix tlio course of some experiments on tlic transition of certain 
compounds frtun the colloidal to the crystalloidal .state, it was 
necessary to know the surface tensitm of mixturo.s of water and ethyl 
alcohol of all compositions from |mre water to jmve alcohol. The 
surface tension of these licpiids and their mixtures has iieen deter- 
mined hy Firth (T., 1920, 33, 2 68) by the drop- weight metliod, 
assuming that the surface tension was directly proportional to the 
weight of tin !rop for a given diameter of tip. 
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The work of Harkins and Brown {J. Amer. Cke.m. Soc.. 

41, 490), which was published in America just before Firth's papt 
appeared, has, however, proved tliat this proportionality can 1^ 
maintained only as a first approximation, and that for the punHisf* 
of obtaining exact results the simple formula of Tate must !,h 
modilied by the introduction of a factor so that the relatioDshiji 
becomes 

tP = )iig = 2nry^, 

where Ik is the weiglit of the drop wliich falls from a tip of radin. 
f. and y is the surface teusiou of the liquid. The magnitude of tp. 
correction was determined in the cases of water and of henzm^ 
by measuring accurately the surface tension by the capillary tub 
method, and then determining the weiglit of the drop which fell 
from a scries of twent 3 '-eigiit tips of different radius, the radii .if 
which ranged from I cm. down to O-l cm. They found that the 
correction c/) varied in a somewhat complex manner witli the ratio 
of the radius of the tip r to the linear dimensions of tlic drr.iu a. 
expressed, for instance, by the cube root of its volume but that 
for equal values of rjv' it was independent of the nature of the li.juid 
and of tlie material of whieli the tip M^as made, whether of glas^or 
of metal. They showed further that tlu; value of the eorreclinii ci 
is practically constant when r/yt between 0*76 and 0-05, aiui 
recommend that tips of tlicso dimensions should always he used iu 
measurements of surface tension by the dro])-wejght method. 

In view of the American moasuremcjits, it is clear that the lip 
used by Firth, which had a diaiiietcr of 0-3.> cm., was t(io small tn 
give accurate results, tht‘ ratio of r.)A being 040 for water and fi-.Vi 
for alcohol * iu these experiments instead of O-TO to 0dr> as m'oni- 
mciided by Harkin.s and Brown. Since Firth calibrated his appara- 
tus with water, his values for the surface tension may he assumed t-i 
be correet at this end of the curve : but a.s the proporiiDti of alcoli..! 
is increased they are subject to an error which (if no error of the 
opposite sign were pre-sent) would increase progressively to a inaxi- 
mum of about 0 per cent, iu the case of ]>ui'e alcohol, la tl«‘ 
experiments described below, the ratio ranged from 0*7:1 m 
the case of water to !*()() iu the case of alcoliol, thus coiifoniiiib 
with the recommendations of Harkins and Bnnvn a.s closely as i> 
possible if one tip is to hv used for the whole series. 

ITe influenee of the time of formation on the weight of Hic 
was also investigated bv Harkins and Brown, wlio found tliat 
minutes must ius allowed for the wight of the drop to become ceir 
stant, as compared with about seven seeoiuls in the e.NperimcuHr 
Firth. If this time were actually a'liowed, the period required H 
* Cfllculiitcil from tlie formula mg 2nry. 
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collect say thirty drops in the ease of each determination of a long 
scries would become enormous, Harkins and Brown got over this 
JilUeulty by pulling the drop out to a point where it was almost 
completely formed and then forming the last fraction very slowly. 
Inthis way they were able to draw more than thirty drop.s in thirty 
minutes without altering the normal weight of the drop. This 
melhod was also adopted in the experiments described below. 

The ditferenccs between the measurements now pul forward 
and the earlier measurements of Firth can be s('en by reference to 
Pi<r. ], where Firth’s values are indicated by cros.ses. From this 


Fig. 1. 



it appears that instead of increasing progressively with the proportion 
of alcohol, the ditferinices betwc'on the two series of observations 
are dritribnted somewhat erratically, lieing relatively small at the 
two ends and in the centre of the curve, but increa.sing to nearly 
8 p(‘r cent, between 5 and 15 per cent, of alcohol. 

Tlie new measurements fail to show the sudden bend in the curve 
Miiich birth recorded at a point corresponding witli the composition 
of the minimum- boiling mixture of alcohol and water. >Since this 
kink doc.s not appear in the measurements made at 15^ by Weinstein 
hy the method of capillary rise, nor in the measureinerds of Pctlcrson 
l^y the method of ripples, it is difficult to believe that it lias any 
real existence. 


K X F E R I .M E X T A L, 

llie apparatus was a slightly modified form of that used by 
^rkins and "^ro wn. 'L'hus, for the subsequent work on colloids 
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it was inadvisable to use tips of Monel metal; these were therpforc 
replaced by a glass tube and tip, the latter being ground perfeotiv 
flat and made parallel to the platform carrying the spirit Ipveh 
as in the American apparatus. The glass tube, in the usual U-form* 
was fixed through two holes in the top of the box with a little wax' 
the trace of wax on the inside being covered with a little 
makos '' cement. The two weighing-bottles, each with a gi’oimd. 
glass neck, were held in position against two thin rubber wa,slier> 
stuck on the top of the box by a spring attached to a vertical jjup. 
port, which was also screwed into the top of the box. Tlic diameter 
of the tip was measured on a travelling micro.scopc in three different 
directions and found to be O' 6432, 0-()433, and ()-6433 cm., eacli u{ 
these figures being the mean of a iiumber of determinations. 

In making a determination, the supply bottle was filled m}\ 
liquid to the correct level, the two weighing-bottles were lixed in 
position by the springs, the box was screwed on, and the apparatus 
immersed in a thermostat at 2o i 0-01“ for twenty to thirty minutes, 
The platform on the top of the apparatus was then levelled and a 
drop quickly blown out (one to three sec[)nds) and held on the tip 
for exactly one minute (timed by a stop-watch) and then allowed to 
drop off. The drops wure blown over by gentle pressure from ilie 
mouth through a fine piece of rubber connected with the metal 
tube passing into the top of the supply cup, a large U-tube filled 
with calcium chloride and another filled with soda-lime being 
inserted between the mouth and the metal tube. It was found that 
perfect control cxmld i)c exercised over the drop in this way, imicli 
more so than by any mechanical contrivance such as the merciiiv 
tube recommended by Harkins, but not used by him in his later 
work. In all cases thirty drops wxrc blown over and the first drop 
was allowed to hang for five ininutes in order to saturate the spare 
in the bottle with vapour, so that all succeedijig drop.s lell into their 
saturated vapour. The box was then removed from the thermostat 
and taken off. The l)ottlc containing the drops was cooled for three 
minutes in ice-cold watei*, taken off, stoppered, and weighed after 
standing in the balance case for fifteen minutes. A eorrectiotiMas' 
made for the weight of the vapour required to saturate the space 
in the bottle. This amuuuted to 0-0009 gram in the case of p'a^-' 
water and O-OOol gram in tlie case of alcohol. 

The surface tension was calculated from the corrected vekdd 
of the drop by means of the formuhi W using tlm valiaw 

of given by Harkins and Hrown for various values of 'U 
Although the values of fell almost wholly on the flat jwrt <> 
their curvT, a separate correction for was made in every ca^e. 

The alcohol was purified by heating rectified spirit under re ui 
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over lime and fractionating ; it contained 97‘00 per cent, of alcohol 
by weight and the proportion of water which it contained was 
ailowed for in making up the various mixtures. The pure alcohol 
used in the last determination \vas prepared by boiling this witli 
an excess of calcium for six days, distilling in an apparatus which 
liad been dried by a current of W'arm air, and collecting in a receiver 
sealed from the air. It.s density was df 0-78494, the value given 
by the Bureau of Standards [Bull, vol. 9, No. 3) being 0-78506. 

The results of tlie experiments are given in Table 1 and are shown 
graphically in Fig. 1. 

Table I. 

Surface- tension of alcohol-water miHures at 25^. 

Alcohol Weight Surface 


(percentage 
by weight). 

df 

of drop 
{corrected). 

wa. 

<f,. 

tension. 

Dyucs/cm. 

0-(l 

0-99707 

0-09200 

(1-72 

1-6476 

72-20 

2-72 

0-99212 

0-07.549 

0-76 

1-05% 

60-79 

5-21 

0-98784 

0-06796 

0-7S 

1-6G32 

.54-87 

IMO 

0-97834 

0-0568,5 

0-82 

1-0079 

46-03 

20-o0 

0-9()5(59 

0-04036 

0-SS 

1-0680 

37-53 

.3047 

0-94983 

0-04001 

0-93 

1-6612 

32-25 

40-00 

0-93170 

0-03679 

0-94 

1-6592 

29-63 

50-22 

0-90958 

0-03408 

0-95 

1-6572 

27-89 

59-.58 

0-88801. 

0-03327 

0-96 

1-6.537 

26-71 

08-94 

0-86023 

0-03206 

0-90 

1-6537 

2.5-71 

77-98 

0-84340 

0-03084 

0-97 

1-6502 

24-73 

87-92 

0-81900 

0-02952 

0-97 

1-0502 

23-64 

92-10 

0-80782 

0-02895 

0-97 

1-6.502 

23-18 

97-00 

0-79394 

0-02813 

0-98 

1-6467 

22-49 

100-00 

0-78494 

0-02755 

0-98 

1-6467 

22-03 


Eacli determination in the above table is the mean of at least two 
experiments and the results are considered to be accurate within 
per cent. The value for water agree.s very well with that 
given by Harkins (J. Amer, Chem, Soc., 1917, 39. 354) namely 
72-05. 

Summary. 

1. The surface tension of mixtures of water and ethyl alcohol, 
fwm pure water to pure alcohol, has been determined at* 25". 

2. The sharp point of inflexion at a concentration of 4-4,7 per 
cent, of water recorded by Firth has not been observed. 

liie author desires to express his gratitude to Professor T. 

muy, h.R.b., for much valuable advice during the course of those 
wperiments; and to the Department of Scientilic and Industrial 
Hesearch for a grant whicli has enabled this work to be done. 

C UEMIC.i L L .V BO R A TO R V , 

^he Univeesity, Cambridge, ’ [Hecercal, Manh 30/7o m 2 .] 
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CUT— T/ie Labile Nature of the Halogen Atom 
Organic Compounds. Part I. Titanium 
of Substituted Nitroparajfins. 

Bv Thomas IIendersox and Alexander Killen M.acbkij, 


The rGduction of substituted nitrofonn and of the hulo^cn di-riv. 
atives of other nitroniothanes has already been studied by varihi!. 
workers (Baillie, Macbetli, and Maxwell, T., 1920, 117, RSU; Maolx-rl, 
and Pratt, T„ 1921, 119, VM)). In previous work the eflr-ct ,;,f 
alkaline reducing agents was examined; in tliis paper the rcsuli, 
of titanium reductions are described. The effect of acid solmi,,!;. 
of titanium salts on nitro-conij:)ounds has already been exiendvdv 
investigated by Kneeht and Hibl>ert, and their results are sinii. 
marised in their monograph ( ' New Methods in \ olmueti'ic 
Analysis''). Vl> to the present, however, no great amount 
attention seems to have been directed to the aliphalie nitiv- 
compounds, and in \ icw of the interesting results obtained wiii. 
alkaline agents it seemed desirable to carry out a series of titaiiiiiii] 


estimations. 

The simple aliphatic nitro-coiiijiounds, such as nitromctlian-. 
are quantitativclv reduced by acid solutions of titanous chluiiil.'. 
a qiimitity equivalent to six atoms of hydrogen being required U 
eacli nitro-grnup. The introduction of halogen atoms into de 
nitromethane jnolecule docs not interfere vith the normal ci>ui> 
of the reduction, for monobromo- ami dil)romo-nitromclhaii(M;i.i;. 
require an amount equivalent to six atoms of hydrogen for ih 
gram-molecular quantity, and dibromndmitromethaue requiem 
twice this quantity for the ivduction of its two nitro-gruups. Mr: 
Stances such as cliinropicrin also beluuT normally. 

When tetranitroinethane vas examined, it was found lliat tii:- 
acam-molecular (piantity required only ('ight(>en equivalent^ fi: 
hs reduction instead of the twenty-four mpiivalents uecessan r'l 
the complete reduction of the ftuir nitro-groiqis to ammo-gmu,-; 
It is ondent. the.vlon., that (1... Hr.t result of n.W, on . * 
ease Is the removal of the labile nitro-gronp, an elleci >.l» . I" 
established .n the study of the action of alhalmo ns « 
agents (toe. cit.). Tluivafter lire reduction proeeeds, • 
Won ultimatelv produced. Eighteen e.puvalcnt.s arc noerso.,. 
for the reaction^ as is seen from the follotvmg wpiaiion . 

C(NO„),-: !.H,.MNHAC:NH-rHN(Xd-«H,e. ^ 

The nitrous acid split olf m the initial ‘'f 
further acted on l.y tlie titanium, a fact ulinli is 'in 
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the results obtained by Kncoht and Hibbcrt, who showed that 
nitric acid in dilute solution M'as not rcdueed beyoiul tlie nitric 
(lyide stage. 

(Idorotrinitromeihatie and broniotrinitromctharn? are also found 
to require an amount of titanou.s chloride equivalent to eightet'u 
atoms of hydrogen per gram-molecular quantity. The reaction in 
these cases is parallel to that just described, and the reaction 
inav be expressed by the general equation : 

R-C{N0,)3 -I- DH, - (NHd.CXH -f HR q- OH.O, 

whore R represents (d, Br, or XO^. 

In seeking a satisfactory explanation of the effects obsej'ved 
when substituted nitrofoi-ju and the halogen derivatives of niti-o- 
luethane are treated with different reducing agents, it is nec(“s.sarv 
to compare the results obtained in the .se\ eral cases. The princij)al 
reducing agents that have been employed are potassium ferro- 
eyanide, hydrazine, alkaline solutions of potas.sium sulplu'te, 
arsenious acid, etc., and acid solutions of titanoiis chloride. Pota.ss- 
iiini hydroxide it.self might also be regard<'(l as a reducing agent. 
With titanium alone of those reagents is the nitro-group attacked. 
All these reduotioiLs remove one of tlic nitro-groups from tetra- 
nitromethane, with the formation of nitroform and nitrous acid 
or its salts. The nitro-groups of nitroform are further reduced 
Ity titaiious chloride solutions. Bromo* and chloro-trinitromcthane 
]uay be classed as bcha\-ing in an exactly similar way. 

Chattaway and Harrison (T., 1916, 109, 171) pointed out that 
tetranitrnmethaue and bromonitroform were reduced by aqueous 
solutions of potassium ferrocyanide according to the equation: 

R-C(NOj,) 3 + 2KJ'\.(CX), .-=■ (XO.ljCK KR y I’K^FelC.X),, 

where R repre.sents either Br‘ (w XOo. C’hloropicrin and bromo- 
jiicrin were not attacked by the reagent, even after a tieatment 
extci ding over several weeks, 

flic re.sults of the reduction experiments may be summarised 
for convenience in consideiing the differejit cases, 

-I clrn)iliromeik<(ne . — One nitro-group is rcadilv removed bv 
titaiious chloride, hydrazine, jiotassium ferrocyanide, potassium 
^^ulphite, etc, Titanous chloride furtlier reduces to guanidine the 
nitroform initially produced. Potassium hydroxide also removes 
enc nitro-group, giving the uci-potassium salt of nitrofor-m. 

( ^loroininiromeOianc add Bromoirinitromtlhanc . — Tiie halogen 
atom U readily renioveti by alkaline reducing ageid.s and by potass- 
nun ferrocyanide. Titanous chloride also sjdits off' the halogen 
atom, and tin- reduces tlic nitro-groups, guanidine beimj produced. 

VOL. CXXI. " . j 
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Dibromodi niiromethan e. — Hyd razi no , poiassi um forroc yaiiij^-. 
potassium hydroxide removes one of the bromine atoms. Tita»ioii 
chloride r(?duces the nitro-groups, but leaves the halogen uuattackpf/ 

CMoropicri?i.— Hydrazine removes one of the chlorine atoms vory 
slowly in tlie cold. Potassiurii ferroeyaiiicle is without actifuj 
Titanous chloride reduces the iiitro -group, but leaves the hatjc;^,- 
unattaeked. * 

Mouobromo- and Dibromo-niirometJuine, — Titanous chloride reduce< 
the nitro-group, but docs not remove the halogen. Hydrazine or 
potassium ferroe^'anide is without action. 

Chattaway and Harrison {lac. cit.), in seeking to explain the re.sults 
of reduction with potassium ferrocyanide, based their suggostiini.; 
on the relative dimensions of the spaces occupied by the luethaiu* 
carbon atoms and the attaclicd groups. In the case of tetraiiitro- 
methane and bromotrinitromethane, it is supposed that these spaces 
are such as to admit of only three nitro-groups approaching sut 
hciently near to the centre of attraction of the carbon atom for 
the maximum attractive force to be exerted wdiich keeps them 
firmly attached. A fourth group or atom attracted by tl^e carbon, 
if occupying sufficient space and of suitable coiiiigiiration, would 
alter somewhat the relative positions of tlu^ grouj)s around tin- 
central carbon atom and force them to a greater distance from 
the centre of attraction, where they would be less firmly licdd. 
a consequence, one might be more or less easily detached bv a 
suitable reagent. Such reagents would, however, not be able to 
bring about interaction if the spaces occupied by the attadic-d 
groups or atoms wei’e S3 nailer and these were consequently neaivr 
the centre of attraction and more tirnily held. Chattaway ar.d 
Harrison sugge.st that the latter condition is apparently piwtti 
in chioropicriii and biomopierin, and these are eonseqiiciilly 
unacted on by potassium ferrocyanide. This view does not com- 
mend itself to us, for it does not indicate wliy the bromine auuii 
should be removed in jjreference to a nitro-group in the rcdiiction 
of bromotrinitromethane. 

During the past few years 'investigations of substitution problem? 
in the aromatic series have shown that the position taken up bv 
the substituents is dependent on the nature of the atoin.s or group.? 
already present in the molecule ; aird it has been pointed out lliat 
the constitution of the product is determined by a certain effect 
on alternate atoms in a chain (ihujis, ('hem, Wcekbhd, 191S, 15^ 
571; Vorlaiider, Ikr., 1919, 52, [B], lib.d). Lapworth {Rep. Bril. 
Assoc., Bournemouth me(d.ing, Sect. 11} has also applied the princi])iC 
of alternate polarities to explain, and frequently to predict, tbc 
direction of ciicraical changes. The dilfereiit atoms in a chain aie 
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labclltMl -b anti elements of recognised i)olarity being used a.s 

.darting points (for example, 0, Cl, H, Xa, etc.). Lapwortli's 
views originally had an electrical basis, but ioni.sation was neither 
assumed nor excluded. Robinson has also applied hi.s theory of 
the conjugation of partial valencies to a wide range of problems 
with .striking results {T., 1917, 111 , 964; 1918, 113 , 640; Mem. 
Manchester Phil Soc., 1920, 64, No. 4. See also Auii. Pepi, 1919, 
16, 87). In this theory also, the alternate eflfeet is brought oiiti 
and tlie system of d marking of alternate atoms is ado])tod. 

These ideas may be applied to the cases of the halogen-substituted 
jiitromelhanes to account for tlie cliaracteristic reactions observed. 
Furthermore, when examined from this point of view, it can be 
shown that the labile nature of the halogen atom in these compoimds 
is only a particular case of a much wider phcnoinenon, for the.se 
substances may be correlated with compounds such as aceto- 
brmuoamidc, bromoacctoacetic ester, eiiloro- and bromo-sulphon- 
aiiiides, derivativc.s of bromomalonic acid, and otlier compounds 
of various types. The application of the views may best he 
introduced by examining the behaviour of bromotrinitromethanc 
with potassium hydroxide. Starting with tlie oxygen atoms of 
recognised polarity, it is seen that the total etfcct^'arried to the 
hroinine through alternate atoms in the cliain gives it an over- 
whelming positive charge. In contact with potas.sium hydroxide, 
therefore, the bromine reacts with the negative hydroxyl group! 
giving the potassium salt of iiitroforni and hypobromous acid, the 
latter being converted into potassium hromate. Similar results 
are also obtained with chlorothnitrometliane (.Alacheth and Pratt, 
he. cil.). 


0,x. 


0.,N 


‘-Br'f 

> oN 

O.N^ .. : 


= T-'f- 

K-~: 

“OH 

o,x 



-1 HBrO 


In the above formula for tlio potassium salt of nitroform, it is 
■seen that owing to the influence of the alternate ellect there is a 
■"'liong ])ositive charge superimposed on the ordiiiar}' positive 
po arit} of the pota.ssium atom. This accumulation is jirohably 
tic force which makes this constitution so unstable that the 


le nogutivo an i pc.sitivc signs are cniplnycd rrKM'ely to iiulicatc tlie 
ti'hcrcnt atoms and aiv not iiUendod to represent any definite 
liv eharge; fhu.s tlio oxygen atom is marked with one minus, and the 
* atom ihown with ono positive sign, 
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potassium salt always exists in the in which the. po.sitiv(. 

polarity of the potassium is taken up by the negative oxvocj 
atoms. 

Tlie induced positivencss of the halogen also explains its roaciv 
removal by other reducing agents, such as hydrazine and potassimii 
ferroeyaiiide. Similar reasoning may be applied to account for 
the analogous results obtaincfl Avitli totranitro methane. In 
ca.ses the reducing agent docs not attack the nitro-groups, biitu’hii 
titanous chloride these also are reduced. It Jiiust therefom 1)^ 
supposed that the lii’st action of this reagent is to remove tlie 

Br, Cl, or the NO,^. Such an a.ssumption seems warranted in iln- 
light of the overwhelmingly |)osi(ivc nature of these atoms. 

The results obtained u'itli dibromodinitromctharie and clilonj. 
picrin may next bo examined, 'riie formm' sulistanco is rnpidlv 
reduced by hydrazine at tlu' ordinary temperature, one of tlie 
bromine atoms being removed. Potassium hydroxide also r( move> 
one of the bromine atojns with the formation of })ota.s.sium bromaU' 
and the potassium salt of monobromodinitromethane (Lo.sanitdi. 
Ber., 1882, 15, 472). Tlie second bromine atom may be removed 
by heating ^^'ith alkaline reducing agents, sucli as arsenious oxide 
and potassium hydroxide (Dudeii, Ber.. 1893, 26 , 3004). On the 
other hand, titanous chloride reduces the iiiti'o-group.s, but ivi 
removal of bromine occurs. Isxamiiiiiig tlie formula of the stdj- 
stance from the poitit of view of the alternate eO'cet, il will lie 
noticed that the inducted positiveness of the Inmnine is in tlis 
case due to two nitro-groups instead of three as in the ju’cmliiiL' 
oases; and further, tliis ])o.sitiveness is distriluitcd helwern nm 
bromine atoms. When the normal electro-negative nature of tiir 
halogen atoms is considered, it will he .siam that the net effect of 
the alternate polarities is to endow tlie bromine with a diglitly 
positive nature ; and it is improbable that sueii bromine would te 
reduced by titanous chloride in preference to the nitro-group-s 
With agent, s which do not attack the nitro-grou]), iiowever. tbe 
positive nature of the bromine assm'ts itself, and so it is readib 
reduced by liydrazine. From this it follows that d i lire modi nitiw 
methane should be reduced by potas.siuni feiToeyanide : and sucli 
is found to be the ea.^e. It is not surjirising to find that the halogen 
in dibromodinitromctliane is not eliminated in the titanium reduc- 
tion. In this ease tiu' reducing agent lias its choice of two 
of attack, the nitro-grou}} and the halogen atom; and it h iwt 
unreasonable to sujijiose that the nitro-group otfers the 
inducement ■ dibromodiarninomet'iiane is accordingly 
and in thi.s the lialogen is of a negativi’ tyt)e, therefoio 
lability connected with thc' positive iiromine disappears. 
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02N'''^="^Br ll2X-:T\Br 

Since Ihere is only one nitro-group in C‘hIoro])i(Tin, the alternate 
effect results in an induced positivenes.s on the clilorine atom of 
smaller degree than that in the case just considered. Moreover, 
this olTcct is distributed over the three chlorine atoms and the not 
effect must therefore be regarded as very small. 

-/H, 

It is not surpri.sing to find that such a weakly j)osilive lialogen i.s 
unaUacked by a neutral reducing agent lil^e ijotas.^^ium ferro- 
cyanide, and is but slotvly iialiiced by a strong alkaline reagent 
like liydrazinc. dlie reduction of the nitro-group witliout anv 
removal of the halogen l)y titanous cliloridc i.s in ])erfeet agreement 
Avith this coneofMion of a weakly positive chloriiio. 

Tlie al tenia te effect may also h) ajijilied to the other well-known 
ca.'ics in Avhich a labile lialogen occiir.'^. Kurt Merer {AiuiaJru, 
l!)ih 380, 212) studied the reduction of certain bromo-ketoiies by 
liydriodic acid, and made tiie reaction the ba.sis of a riuantitativc 
estimation of sncli compounds. T\\c miolic form of etljyi aceto- 
aoetatc reacts readily with bromine to form a bromo-derivativc : 

-C(OH):CH- .ilV ‘CBrfOHl-CHBr* — > -CO-C'HBr* - IIBr. 

An alcoholic solution of the bromo-ketone, when treated with 
potassium iodide and concentrated liydroeldorie acid, liberates 
iuiliiie quantitatiA-ely, the bromo-ketonc being reduced : 

•COd’HBr* 2Hr •('(X’ify h KBr : I.,. 

A ’arge number of ketones of this type liave been studied {Her., 
bill, 44, 2718, 2727; 1912, 45, 2S43) and examination of their 
X-iicture show.s that they all contain the system •CO-C'HBr'CO*. 

this structure is examined from tlie point of vieAv adopted in 
the previous oases, it i.s seen that in such substances the bromine 
atom has a strong iiiclueed po.sitivene.ss. 

... 

Br-('H 
■ CO 
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Whiteley and lipr collaborators have observed that tlio bromo 
malonio esters and bromomalonamides arc readily rediiceil ty 
hydriodic acid at the ordinary temperature (P., 1008, 24 
T., 1921, 119, 350). Tliese substances contain the compitj 
‘CO'CHBr'CO* or •CO'CBr/CO’, and iodine is liberated accorflins 
to the equations : " 


>CHBr + 2HT - >CH 2 + HBr f T.. 
>OBr2 + 4HT - >0112 1- ^HBr f 20. 


It is evident that all these eases are further examples of tli? 
lability of the bromine atom which has ac^iuired a positivL'ucsx 
through the alternate effect. The system present in the compounds 
is similar to that dealt with when considering Moyer's results, 
Bromination by compounds of the types considered above k a 
necessary consequence of the foregoing views, especially if a halogen 
acid is present : 



H--Br 



I - Br^. 


In support of this it has been found that wlien bromotrinitrometban? 
is shaken with an aqueous solution of phenol containing a lilllp 
hydrobromic acid, bromination of the plienol takes place with tli? 
formation of tribromophenol and nitrofor]n. Supporting examples 
may be drawn from the work of otlnu' observers. Whiteley and 
her collaborators have i)ointcd out [loc. cil.) that when dibromiv 
malon-2 : 4-dibromoanilide i.s heated with hydrochloric acid in a 
sealed tube at 120 ^, hydrolysis occurs and tribromoaniline is formed 
instead of 2 : 4-dibromoaniline, the ])roduction of which would be 
expected if hyMrolysis only took place. Tribromoaniline is aho 
produced wlien a mixture of diliromomalondiethylamide and d :h 
dibromoanilinc is .similaidy treated. These cases are parallel to 
the bromination of johenol by bromonitroforra, the dil)roniomaloiiic 
acid ])roduced by hydrolysis cviriimtly breaking down to the 
monobromo-acid or to malonic acid itself. 

The nitrogen halogen com]}oiiiuls have long beeir notorious fm’ 
the ease with wdiich the halogen atom may be removed. .Ibi> 
behaviour is also in perfect agreement with the cases we ba'e 
already quoted, and a few striking examples may bo refciTcd tix 
Wohl {Ber., 1919, 52, 51 ) pointed out ca novel properLy of 

acetobromoamide and showed that the substance acted as a 
brominating agent, even in thb absence of hydrobromic acid. 
action on a large number of substances was studied, plicnof w 
example, being converted into ^-bromophenol, From tlie 
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it appears that the reaction consists in a direct interchange of 
{ivdrogen and bromine bet^^eeu the t^^'o molecules concerned. 
Acetobromoamide falls into line with the other substances con- 
taining a labile bromine atom, as the halogen is of a positive nature 
(formula A) : 


(A.) 


CH,-C*NH*Br. 

3,1 

0 


K— S— X— Cl^ 

I i^) 

0 OH 


The behaviour of the chloro- and brorao-sulphonamides examined 
by C'hattaway (T., 1905, 87, 145; Chem. News, 1908, 98, 285) is 
also in good agreement with the views wc have put forward. T’hese 
siiKstaiicos are readily reduced by liydriodic acid, the reaction 
lieiiig quantitative and furnishing an effective method of estimation. 
Iti fomuila B it is seen Unit the halogen in these substances is 
strongly positive on account of the polarity of the oxygen atoms 
and the alternate elfect. The lability of tlie halogen atom attached 
to nitrogen is further exemplifiod in the behaviour of A"-chloro- 
acetanilide and analogous substances. These compounds are so 
easily reduced that ammonia readily attacks them, with the 
evolution of nitrogen and the formation of the parent acetanilide 
(Short, T,, 1021, 119, 1445), The halogen in these compounds 
also is of a positive character ; 

0 

Tlie application of the alternate effect throws light on many other 
characteristic properties of the nitroparaffins. For example, it 
may be pointed out that the brominatio7i of the nitroparaffins falls 
into lino with the work of Lapwortli on the bromination of ketones 
(F., 1004, 85, 30; see also Bobinson and Robinson, T., 1017, 111, 
00-1). It is found that in th(‘ case of the lower nitroparaffins the 
parent substances are not easily brominated, but bromination of 
the f)otassiuni or other salts readily takes place (.Scholl, Bit., 1806, 
29, 1824; Tscherniac, ibid., 1S97, 39,2588). These salts have 
the eci-structuro and therefore correspond uith the enolic modi- 
fication of the ketones. ISitroform in acid solution is directly 
hroinmatcd (5racl)eth and Pratt, he. cit.). But this is to he 
expected, since in the presence of water nitroform itself exists in 
thear/-form (Hedley, Ber., 1908, 41, 1105). 

In a previous i)aper dealing with the action of hydrazine it was 
pointed out by one of us that'“ a certain parallel may be drawn 
)e ween the behaviour of the polynitro-aliphatic compounds and 
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the polynitro-aromatic substances, especially those in which tfr* 
ortho-para-influence of the nitro-groups exists; in neither 
reduction of the nitro-group to an amino-group occur, but in hotlj 
replacements take place/' Too much stress, however, must net 
be laid on ibis parallel, as arnmalic and aliphatic substances an 
compounds of very dilTcrcnt type. Thus in picryl chloride fr, 
example, it is evident that the chlorine is of a negative natuiv cr 
aceonnt of the allcrnale elTeci duo to the polarity of Hic oxpf-n 


atoms (formula C) : 

X().> 

XhT, 

ri 0 ^; 

:>’2 



xo., 

XH, 


The distinction in chemical nature is well exemplified bv the aelitm 
of hydrazine (Ihirgoili, (jazzcKa, 1804, 24, i, 112). There is ii.j 
reduction, with llie e\'olution of nitrogen, sueli as oeenrs \vit!t 
chiorotrinitroinetliane, but instead there is a direct removal of tin; 
chlorine atom with tlie formation of picryl hvdrazidc and hvdri!. 
chloric acid. Oiua (Gazzeda, 1919, 49, ii, 14(), 152, 100) has al^y 
sliovMi tliat the action of hydrazine on the large number of aroiuatit; 
trinitro-eompounds which lie examined resulted in the dirm 
removal of the labile nitro-group with the formation of suli.ditiitoc! 
hydrazines. In the titanoiis chloride reduction of picryl chloride 
twenty equivalents are required for the complete reduction of the 
molecular quantity. From this it would appear that the chlorine 
atom is involved in the reduction and is split off in a way similar 
to that occurring in the case of chloronitroforni. This is at fiist 
sight contradictory, but inspection shows that it is quite in agiTf- 
nient with the other re.sults if the reaction takes the course picryi 
chloride — y chlorotriaminolienzcno — > triaminobenzeno ; for in 
the triamino-com pound the halogen would lie strongly jwsitivo 
and thorefore come into line with the other eases (forniula D). 

Further study of the reduetioii of picj'vl chhuide is ncc‘es>aiTt(' 
establish this point, and it is hoped to undertake such work. 

From theabuvo considerations it seems clear that the luilogcii- 
siibstitnted nltrojiaraffins are no longer to be regarded as an i.soiatpl 
class, since, when eonsidei'cd from the point of vii'w of the alternate 
effect in a chain, their cliief reactions may be correlated with tlie 
chemical jiropc^rties of .substances of a very diverse type. 
effect may be of an electricnl natun' nr may not : it may invuKe 
some kind of partial ionisation rw may be nneonneeted with thi' 
Whatever the ])i'oeise nature of th(' effect may be, it Juiist at lea'- 
bo conceded that tlu‘re are st rong grounds for accepting the exi4eno 
of some such force in the molecule, since the aj)plication of the 
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js SO fruitful in explaining chemical changes over a very wide held, 
and has proved Iruslwortiiy in predicting the course of many 
reactions. 


E X P E R I 31 E X T A L. 

The titanium solutions employed in the reductions were prepared 
hy boiling 300 c.c. of comincrciai titanous chloride (la per rent, 
solution) with oOO c.c. of concentrated hydrochloric acid for a few 
minutes. Tlic resulting solution was diluted to about three litres 
\\ith water and transferred to a storage apparatus of tlic usual 
tyj)e. The solution was periodically standardised witli methylene- 
blue and potassium clilorate. 

In the estimations, an excess of the titanous chloride solution 
find 10 c.c. of an alcoholic solution of the nitro-compound were 
boiled gently under reflux for about half an hour, a slow stream of 
carbon dioxide being passed dui-ing the entire reduction. Tlie 
.solution was then cooled and diluted to dOO c,c. and an aliipmt 
jKU'tion titrated against a staiidardiscd solution of ferric iron to 
estimate the excess of titanous chloride. The results quoted in the 
cases below are the average allies obtained in a number of 
o.^perinients. 

DihromonilromoOiant was prepared by ScJioll's method [Ber., 
iSfK), 29, 182")). Ten c.c. of a solution (0-91dG gram in 10(1 c.c. of 
alcohol), treated with 100 c.c. of titanous chloride solution (21 ,900 c.c. 
c(|iiivalent to 2 grams of hydrogen), oxidi.sed 27-() c.c. Therefore 
till' graiii-iuolecular quantity requires the equL\ aient of (i-032 granrs 
of hydrogen. The nitro-group only is attacked, according to tlie 
equation : 

CHBryXO. ^ (^HBryXH. 1 2H,0. 

^lonobroyno^liirom(:lh^nc was prepared hy Scholl's method [he, 
cit.). Ten c.c. of a .solution (2*9042 grams in lOU c.c. of alcohol), 
added to l20 c.c. of titanous chloride .solution (10,000 c.c. equivalent 
to 2 grams of hydrogen), oxidised 90-22 c.c., representing d-72, or 
a])proximalely 0 grams of hydrogen for complete reduction of the 
gram -molecular quantity. 

Mlrornelhane. — Ten c.e. of a solution (2-0S9 grams in 100 c.c. of 
alcohol), added to 200 c.c. of titanous chloride {10,10('> c.e. = 2 grams 
of hydrogen) and boiled for twenty minutes, oxidised 160 c.c.; 
so the gram-molecular quantity reijuircs o'78 (0 approximatolv) 
grams of hydrogen for complete reduction. In the reduction of 
mtrornethaue and its iiionobromo-denvalive, no condenser was 
attached, but on account of the slightly low values obtained this 
modilicatinr ,as introduced in all other cases. 

1 1 
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Dihromodimtromefhane. was prepared from tribromoaniline (Pf). 
sanitch, Ber., 1882, 15 , 472). 0-2588 Gram in 10 c.e. of alcohol 
required 04 c.c. of titanous chloride (10,546 c.c. 2 granii^ of 
hydrogen) for reduction. The molecular quantity therefore require 
11-0 (approximately 12) grams of hydrogen, and it is evident that 
the niiro-groups only are attacked in the reduction and there ]■; 
no removal of the halogen such a.s occurs with Iqydrazine or pnla^siiuti 
feiTOcyanide. 

Tetranilromethane. — This substance w'as prepared in the 
way and carefully purified by repeated freezing. 0-1936 (h-aii] in 
10 c.c. of alcohol required 143 c.c. of titanous chloride (16,106 c,o. 
= 2 grams of hydrogen) for complete reduction. The grain- 
molecular quantity therefore requires 17-0 (approximately IS) gram? 
of hydrogen. It is clcaj- from this result that the four iiitr'o-groi]|;? 
are not fully reduced, as this w'ould require 24 grams of hydrogen, 
The reaction evidently takes place as formulated on page 892 

Chlorofrimtromclhanc.- — This w'as prepared according hj the 
method described by Macbeth and Pratt (T., 1021, 119, il.Mj, 
0*26462 Gram in 10 c.c. of alcohol required 216 c.c. of titanous 
chloride (10,546 c.c. — 2 grams of hydrogen). The molcrular 
quantity requires 18-28 (approximately 18) grams of hydrcigon, 
and the reaction evidently follows a course parallel to that occurring 
in the reduction of tetranitromctlianc, taking place as fonnnlatcd 
on page 893, 

Bromofrin{fromdhanc.—T\\k was prepared in the way de.scTilu'ii 
by Macbeth and Pratt {loc. ciL). 0-2502 Gram in 10 c.e. of alcchcl 
required 157 c.c. of titanous chloride (10,166 c.c. = 2 grains of 
hydrogen). Tiie mole(?ular quantity therefore re(|iiirc.s JT-sii 
(approximate!}- IS) grams of hydroiien, and the reduction cvidciith 
takes place as formulated in the ease of tlie chlorO'Compoiind, 

Picryl Chloride. — This was ])re])ared liy Jackson and dazzolo*' 
method {Amer. Chem. 1000, 23, 384), and purihed by repeated 
crystallisations, ()'n026 Oram was dissolved in iOO c.c. of alcoliol 
and 15 c.c, of the .solution required 02-2 c.c. of titanous chloride 
(16,600 c.c. — 2 grams of liydrogen). The molecular quantity 
therefore requires 20-3 (approximately 20) grams of hydrogen fur 
complete reduction. The reaction there-forc proceeds acconling tu 
the equation : 

C'eH/’hXOd, lOH, ('^(^^4)3 “i- 

Beduefion oj JJibromodiiiilromChane Inj rotassiuiti dcn'orp'inl'- 
— 'rhirty grams of jmre dibromodinitromelhane (prcj)avu<l In'™ 
tribromoaniline) were added to a .solution of 120 grams of 
ferroeyanide in 500 c.c. of Avatcr [CBr.d.XO;;)^ : 
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32 : 102], The colour of the solution rapidly became darker on 
}ihaking and the potassium salt of monobromodinitrometliane soon 
began to separate. After a few hours’ shaking, the smell of tlie 
dibromodinitroni ethane had almost disappeared. The i)otassium 
salt M-as filtered olT and washed twice with water, and then with 
aleuhol. The yield of dry salt was 16 grams, or more tlian GO per 
cent, of the theoretical, without taking into account the amount 
required to saturate tlio original 500 c.c. of ^vater. Xo evolution 
of gas, nitrous fumes, or hydrocyanic acid wa.s observed during 
the leaction. In addition to the potassium salt of niunobronio- 
tlinitromethane, the filtrate contained potassium bromide and 
puta.^sium fcrricyanide. Xo acidity is developed during the 
reduction, which proceeds according to the equation : 

(X02)2CI3r2 -1- 2K^Fc(CX)g (XOgl.CK Br X KBr -f- 

Bromination of Phenol by BromoinnilromefJmiP.—-T\yoniy grams 
of broinotrinitromethane w’erc added to a solution of 3 gram.s of 
])henol in 400 c.c. of w'ater. About 15 c.c. of a cold, saturated, 
aqueous solution of liydrobromic acid (free from bromine) were 
added, and also about 40 c.c. of alcohol to increa.se the solubility 
of the bromonitroform in the solvent. The mixtui-e was shaken in 
a machine for several hours, during which time the bromotrinitro- 
iiietliane di.sappearcd and tribromojilienol was ]>recipitatcd. The 
solid was collected, dissolved in hot aleoliol, and hot water (70^^) 
added until precipitation of tribromoidienol was just beginning; 
on cooling, tribromophenol crystallised out, the solvent ivtaining 
any unchanged bromonitrofrjrm. About 4 grams of rccrvstallised 
tnbramophcnol vere obtained in this way. Tho filtrate from the 
(Tilde tribromophenol was extracted several times with etlier to 
remove the nitroform produced in (Ik- reaction. It may be isolated 
irom the ethereal solution by careful evaporation, or‘obtained as 
the po(a.ssium salt by the addition of pota.ssium ethoxidc. 

Me de.sire to expr{‘,ss our thanks to Professor Tiobiiison, F.R.8., 
or t le interest lie lias taken in the arguments put forward in the 
paper. One of us (T. H.) desirc.s also to express thanks to the 
Advisory Council of the Ilepartment of Scientific and Industrial 

■“ oz a grant which has made participation in fhis research 
possible. 

■tuc CHii,jn(j.A.L Kese.arcu Laboratories, 

L-nti-eu College or St. Salvator and St. Leonari), 

mvejisitv of St. Andrews. UUccimi , February Olh , 1922 .] 
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CIV .— Labile Nature of the Halogen Atom i;i 
Orgajiic Co^npomids. Part IL Action of Hydo 
azine on Nitrogen-Halogen Compounds and on 
Bromoma lo n i c Esters, 


By EuiiuND Langley Hirst and Alexander Kii.len Maclkth 


Organic (.'oinpoiinds oontaining labile halogen atoms m<iy, on tlip 
whole, be di\'ided into two classes. Tn the first class we have slid 
substances as acid chlorides, sulphonyl chlorides, and pieryl L-hlorido. 
which are cliaractcriscd by the facility witli wliieh they iin(ler»o 
hydrolysis and by the ease with which replacement of the lialoq-n 
atom by an amido-group occurs on treatment with armiionia; 
hydrazine hydrate also acts on such substances, the coiTcspondinsi 
hydrazide being formed. In the second class may be placed com- 
pounds like the lialogemsubstituted, aliphatic polynitro-compounds 
halogenated sulphonan tides, and bromoinulonic esters, which air 
not easily hydrolysed, but are readily reduced by hydriodlc acid, 
the halogen atom 1 icing re]i1accd by hydrogen. As there k no 
structure common to all the members of cither class, the fliflcrmr 
in the cliemical behaviour of the lialogcn atom in the two types of 
compound cannot be explained merely on tlie grounds of tlif 
presence of a particular linking. Bor example', in pieryl clijoridf*, 
acetyl cliloride, and benzene, sulpihonyl chloride, the cliiorine atmii 
is attached lo a carbon atom, a carbonyl group, and a sulpliiir atuiii 
respcolivt'h ; liiit in all these eases the lialogeii behaves chemically 
in the sanu' uay, the suli.stanccs being readily converted iiro 


amides or lu'drazidcs by tiie aedion of ammonia or hydrazine 
hydrate. On the other hand, the difi’erence in structure d 
bromo-compounds such as lii'omonitroform, acetohromuaniide, and 
bi'omomaloriic csti'i is V(*ry markcul, yet they all have in comniuii 
the property of being readily n'dueed liy hydriodic acid, and d 


oxidising hydrazine and other reagmils. In a previous paper 
(Henderson and Maebctli, this vol,, p. 892) it has heen pointedu'J' 
that if the jiolarities of tiu' constituent atoms of tlie molecule are 
considered, the eliemiiuil iiehavioiir of the two type.s of 
halogen may readily be accounted for; the eldorinc atom iu lb. 
compounds reft'rred to above i.sof a strongly electro-negative natiH' 
and therefori' it is not siii'prising that pieryl chloride di.splay>l'' 
principal leactions of an acid chloride. On the other hand, U 
bromine atom in all the eom])ounds considered is of a .drong.^ 
electro -positive nature and therefi-ri' readily reacts witli le 
agents. Representative types of both classes have been gia' 


{(or. cit.). 
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It may, hoAvcvcr, be contended that the labile nature of the 
halogen may be accounted for by structural considerations. In 
the alkyl haloids, where the halogen is attached to a carl)on atom 
and there is no possibility of migration, the substances are extra- 
ordinarily stable in the presence of hydrolytic and reducing agents 
A\hea compared Avith C{)nipoi]nd.s of the type referred to above. 
Jn the case of tiie bromo-eoiupounds Jiientioncd, altliough the 
bromine is supposedly attached to carbon, tlierc is a possibility of 
it.s migration to an ox 3 -gcn atoin producing the halogen analogues 
of the sodium derivatives of nitroform and malonic ester. It has 
been suggested (Willstatter and Hottonrotli, Hir., 1904, 37 , 1775) 
that the labile nature of the halogen atom in bromonilromalonic 
ester and the nitroparaibn derivatives i.s due to this cause. There 
are strong grounds for bclicA'ing that a halogen atom attaclnal to 
oxygen would be A'ery reactisc, although the view re.sts more on 
inference than on direct experimental proof. i\Iohlau {/iVr., 1880 
19, 280; 1887, 20, 1501), investigating the action of .sodium 
hypochlorite on acetoxime, believed that he had i.solated the 
cliloro-oximo, ( 0113 ) 20 ! XOCl, in which the chlorine Acas v(mt 
reactive. Ponzio (.4/// H. Accad. Sci, Torino, 1900^ 41, 415, 80i) 
slK)^ved that the above record aa’es iiieorn'et, and that the chlorine 
migrates to the carbon atom, Avith tlie ultimate formation of 
a-chloro-a-nitropropane, {OH^i.C'OhXO^. He further found tliat 
the general effect of liypochlorites on aromatic oxiine.s and dioximes 
was I lie product ion of })eroxides. In the liglit of the behaviour 
of acetoxime, this reaction may he intfo-preted as a chlorination 
jiroecss, an intermediate compound lieiiig formed in Avhieh there is 
a halogen-oxygen linking, fmt in AAiiich the halogen atom is so 
labile that the eompoinid decompos(‘s almost immediately oath in 
the cold : 

•c:xoir -cixoci -cix-o 

■C:XOH -CiXOCl ^ -CiX'D 

Along AAith the peroxide a small amount of tlie azoxime is pro- 
duced, and its formation may also bo re]>rcscritcd as due to a 
process of chlorination. 

It .seems reasonable to assume, iioAvever, that although there arc 
grounds for believing that ffic halogen atom Avould prove very 
reactive in an oxA gen-halogen linking, this sti'ucture does not- occur 
in the nilroparaflins or in the malonic scries. It is iiojied later to 
produce direct evidence against this A'iew. At ]u’esent Ave are of the 
opinion that th(' chemical diffe renees observed in the tAvo ela.sse3 
of reactive compounds are best accounted fur by taking into con- 
i^ideration t^'- alternate effect duo to the negative polarities of the 
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oxygen atoms, which results in strongly clcctro-positivc or electro 
negative halogen atoms. 

It has been shown that substances containing an electro-pQy^j,. 
halogen atom, in addition to being reduced by hydriodie atid ^ 
also reduced by acid solutions of titanoiis chloride (IIeiidcrsoii\,^(| 
Macbeth, loc. cif.). Further, since reduction readily takes place it 
not to be expected that ammonia and hydrazine will act on suej) 
substances to give substitution products such as arc obtaincf] with 
acid chlorides ; but oxidation of the leases will occur instead Xli(‘ 
action of hydrazine has already been studied in the case of somo 
aliphatic nitro -compounds (i\Iacbeth aTid Pratt, T., in^l 119 
1356) aTid it was found that reduction of the halogen conip{)ii!if| 
took place, nitrogen btung quant datively evolved from t he hydrazb 
As a result of further work it would appear that this reagent but 
value, not only in demonsi rating tlie labile nature of the halfxfcn 
atom in organic compounds, but also in furnishing a ready and trust- 
worthy means of estimating the halogen content of sucli substaiKts 
In this communication the reaction with nitrogen-lialogc'ii fiun. 
pounds, sucli as A’-chloroacetanilide, acetobromoamidc. mi 
sulphondichloroamides is described; and the elfect on a series (t 
bromomalonic esters is also recorded. 

The estimations were carried out, as in previous work f/or. dli 
with a Van Slyke nitrometer, Slight modilieations are noccssarv 
in the case of tlie dilTorent substaiu'cs, and these arc referred to in 
the experimental part. The nitrogen-halogen compounds all reafi 
very vigorously with liydrazine liydrate, and the nitrogen isovolvr'i! 
almost immediately. The reaction is quantitative, as the nitrccoi 
is evolved in aceordance nitli the following general equations; 

R‘SO.•^Xl.> d- XIl/NIL - Pv-SOyXH,> -h X, d- ^HCl . . (1) 

2R-SO .K:X('1 -f- XHyXH. ^ ^RvSO.KIXH XX + ilK 1 . Cl) 

A"-Chloioacrtanilide and aeetol)ro [noamide alst) react vigonjiidy. 
the reactions proceeding (juantitatL^'cly as follow : 

2CfiH5*XChCO'CH3 I- XIIyXlR - 2CcH5*NH*FO-CH3 i Xd - 

SCHj-C'O'XHBr -f = LK'Ha’CO'XH^ f X. -i- :MlBi’. 

Tn all the above cases the reaction jirocecds, as far as can be jiulged' 
at the same rate. It may therefore be concluded that the reactivity 
of the halogen atom is of mueli the same order in all the nitrogen 
lialoids examined. The reaction proceeds somcwiiat more qiiiddy 
than in the case of substituted nitroform, and the halogen atom in 
this may be regarded as a little more stalilc. 

5Ionobrorao- and dibromo-inalonic esters also react quickly witli 
hydrazine, but the liberation of the nitrogen extends over one 
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minute. The substituted esters also react, but the time required for 
complete reduction is longer and increases as substitution proceeds. 
Thus bromomethylmalonic (brorriot^osuccinic) ester takes from 
three to five minutes to react, and there is a remarkable decrease 
in the rate of reaction in the case of the higher members. Bromo- 
cdiyh, bromofsopropyl-, bromolmtyl-, and broraobsobutybmalonic 
esters all liberate the nitrogen slowly from hydrazine, and two to 
three hours arc required to complete the reaction, In these cases, 
the results obtained arc slightly low, and tliis may bo due to inconi. 
plele reaction. In this connexion, however, it may be pointed out 
that Fischer {Ber., 1906, 39, 351) showed that the fwbutylmalonic 
ester prepared in the course of his work was never obtained quit(; 
pure, and always contained a small amount of a product wiiich was 
Iiydrolysed ijy alkali with diUlculty. He suggested that this was 
probably the di/wbutylmalonio ester. If a small amount of the 
(iialkylmalonic ester were present in the' higher esters employed in 
our hi’ominations, it would be present also in the brominated ester, 
as it is not easily removed by fractionation. Its ])resence would 
account for the slightly low results olitained, and the reactioms, 
although slow, might be regarded as taking place quantitatively. 
The following equations express the reaction : 

Br2C(CO,.Et)o d- nil-nil “ 4- N. x ^HBr . (3) 

L + 2HBr (4) 

The decrease in the rate of reaction observed in the case of the 
more highly substituted esters may be accounted for by the steric 
effect of the substituents; the great decrease on passing from the 
methyl to the ethyl derivative is noteworthy. The results obtained 
are quite comparable, as the conditions of the different experiments 
were the same and the solutions of the bromo-esters employed were 
of corresponding strengths. In connexion with the steric effect, the 
results obtained with acetylbromomalonic ester may be referred to. 
Hie time of reaction for tliis compound wa,s intermediate between 
tliat observed in the case of bromomalonic ester and its methyl 
derivative, and the steric effect in this ease is evidently modified 
by the nature of the acetyl group. The oxygen in its carbonyl 
group being in the «-position to the carbon to which the bromine i.s 
attached makes the halogen more electro -positive ; and this increase 
m tlie positivcriess of the bromine atom largely counterbalances 
the steric effect of the acetyl group itself : 

++.J, ^ .f’O-OEt; _^CO-OEt 

^^’“^A*0-0Efc . Br— CH 

CO-CH, '^CO-OEt 

+ ~ +- 
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The labile halogen compounds may be placed in different gradf., 
according to tiie results obtained. The nitrogen-haloids .show tl]{< 
greatest lai)ility, and close to thes(^ come the nitro-componnds which 
contain two or more nitro- groups attached to the same carbon, 
the next grade may he placed the iinsubstitiUed bromornalonic tstc^, 
the lability of the halogen decreasing when substitution oceur.^and 
as more complex substituents are introduced. In the caseofthf, 
halogen compounds which contain the halogen attached tn a OHrlxiji 
atom, certain conditions must he ])reseiit in the molecule Ix-tiiv 
lability becomes inarked. d'hus two carbonyl groups in {i,,, 
X- positions arc I’cquired before the halogeji is siifhciently iahib 
to be reduced by hydrazine hydrate in the cold. These conditioa.v 
are present in the brouiomalonie esters and bromoacetoaeetic osi'p. 
and these are reactive; but no nitrogen is lilx'rated from liydraziiii- 
at the ordinary tempcu’ature by such substances as ehloroaretrojC, 
ethyl ehloroformate, bromoacetic acid, chloroacetic acid, trichlfini. 
acetic acid, ami other compounds of a similar type which dn nut 
contain tlic minimum t’vvo carbon}is rc([uii'cd. Similar obscrviUiniij 
are noted in the ease of the nitro-compoumls, and here it would 
appear that at least t\\o nitro-groups attached to the same (.'arh.n] 
are necessar\' to endow the halogcm with a positiveness snlticient h 
make it labile in the ])re.s('nce of hydrazine. 

This observation is sulHciently illustrated by reference to 
behaviour of monohromonitrometliane and dii)r()nu)dinitromcthiiii(. 
The latter react.s with hydrazine in the cold and one of tlie halogr-ii 
atoms is removed (Macbeth aiid Pratt, /or. rd.) ; both hroinincato’ijN 
are removed l\v treatment with arsenions oxide in the presence of 
alkali (Duden, iVr., 1 8113, 26. 3001), The hahygmi atom in laojio- 
hromonitrometharie, oji tlie contrar}', 'withstands the action of >ucli 
reducing agents, 

It would also appear that tlie pcdai'ity [mc.sent in the inf.ilociile 
which is .sutHcient to ejidow a lialogon atom with reactivity is )!ot 
snftici(‘nt to render a nitro-gi'on[i lahiha Thus tiic two nitro- 
groups in dibi'oniodinitroniet fiajK' make the halogen reactive tmnnd> 
hydrazine and other redueiuL^ agents; (mi the third nitre-group in 
nitroform is not ailectrsl l:iy such tn'atment. Jii the same way 
the bromine atom in the hromomalonie esters is reactive, hut tin 
polarity of the tw(j caiPethoxy-gronps is not .^ulheieiil tu endow tl)'' 
nitro-grnup in nifroinalonic (‘ster with similar chemical jWoprdKs 
This resi.stanee to redm-tion caiimjt be conn('et('d witli («'/-salt fonuw 
tion of the nitro-grnup in the pi'es(’ncc of alkaline reagents, forth 
groujt is not nmiovc'd on treatment v.ith acid nalucing agents, sud 
as titanous chloride. . ^ 

The action of reducing ageiits on halogen compounds is '>■% 
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'iirther studied, and it is hoped to comnniriicato later the results 
>btaine(i with hydrazine and a series of hromonmlonamides, and 
•he action of ammonia and titanons salts on a iiumher of representa- 
;ive substances. 

E X P E K I M i: N T A L . 

The estimations were carried out in the usual A\ay with a \'an 
Jlyke nitrometer. Hydrazine liATlrate (50 |)er cent, solution) Avas 
in all case.s, and 1 c.c. furnished a sufficient e.\ee.ss for the 
piantities of the halogen eonrptunids employed in tlie oxj)eriments, 
Hmcn(>mJphondkhloro(nmdE Avas pi'cpared by (ffiattaAvay's 
net hod (T., 1905, 87 , 145). 0-220 Gram of the finely poAvtlered 
lulphondicliloroamidc aaus AvasluKl into the nitrometer Avith as 
mall a quantity of alcohol as ])ossil)ie. 2.3-1 C.c, of nitroiren were 
ilHTatcd at 13“ and 700 mm. The molecular quantity (22(5 granny 
)f the sulphondiehloroamide liberale.s 2S-0G grams of nitrogen, .so 
ho reaction is repre.sented by erjuation (1), AA’liere 11 -- Ph. 

Volo.mum. ben::(]nc-^uli)]ionchloroawi(l{'. was prepared I)}" C'hatta- 
\ay's method (/oe. vii.) ajid dried oia llie water-bath. 0-4,“)9 Gram, 
cashed into the Tiitromoter AAith a little water, liberated 23-5 c.c. 
sb at 14“ and 750 mm. The himolecular quantity (450 grams) 
ilierates 27-93 grams 2So, so the reaction follow.s the course of 
(juation (2), Avhere R — Ph. 

^-niiroiolnene-i^sidphoiKldoniumide was jmepared bv 
Tattaway s method (/oc. vit.). 0-5380 Gram liberated 20-7 c.c. 
s,^ at 13 ' and 733 mm. The himolecular quantity liberates 27-2S 
yams G1 present as XCi = 11-3 (theoretical, 11-.59 per cent.). 
in independent method gaA'o 11-35 per cent. (The .sample AAas 
lartly dehAuIrated.) 

2-^l{ro(o!nc'nf-Y>-f^ilJ[/hondlcJlIoro(}/ni((e. — An impure sample aaus 
xamined, and 0-285 gram liberated 17-2 e.e. \,t at 13“ and 734 mm. 
die molecular quantity liberates 19-92 gi-ams so the purity of 
lie substance is 71-08 per cent. An indcjiemlent method [mA'c 
1 per cent. 

('liloroamine T. — A eommereial sainjde Avas dried on the Avaler- 
•athand examined. 0- 155 Gram libei'alcd 22-4 c.c. X., at 16 '^ and 
ill I mm. The bi molecular quantity liberates 20*57 grams X.,. or 
he sample contains 94'S8 per cent, of /etoluenesulpjionchloi'oamidc. 
IhcMorofiminr T. — 0-240 Gram of a commereiai sample liberated 
3*3 c.c. Xo at ](T and 700 mm. The sample therefore contains 
8-OS per cent, of p-toluenesulphondichloroamide. 
yfnzonrfivjphondibromoiwii ^^^^^^ — .\p sanqile Avas examined ; 

“317 gram gave 13-7 c.c. X. at 13“ and 732 mm. Tlie percentage 
•urity Avas tiierefore 50*5. An iiukqiendent method gave 50-2 per 
c-nt. 
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'^-CMorQ(u:,etanilidz was prepared by Chattaway and 0 -f 
method {T., 1899, 75, 104-6), 0’3390 Gram, washed into the 
meter with alcohol (water must not bo used as it causes the si* 
tion of acetanilide formed in the reaction, which carries dcnvint 
chloro-coin pound and gives too low a result), liberated 23*3 x 
at and 720 mm. ; Cl as XCl — 194)5 per cent. An indepenrif'p! 
method gave the value 19-79 per cent. The purity is thei'^i^! 
about 94 per cent. ’ ' 

Aceiohromoamide was prepared by Behrend and Selireilio- 
method {Annahn, 1901, 318, 373). 0-27G Gram liberated 
jV., at IT and 739 mm. ; Br as l^Br 26-84 per cent. An 
dent method gave 26-88 per cent. The percentage purity i,< tln-r" 
fore about 46-3o. 

Ethyl brofnomalonafe was prepared by Ivnoevenagcrs inctlifd 
{Ber.y 1888, 21, 1355). 2'390 Grauis were dissolved in 25 ro d 
alcohol, and 5 c.c. of this solution liberated 23-7 e.c. at 1-C ard 
748 mm. The nitrogen was completely evolved in less thauar. 
minute. The bimolecular quantity therefore liberates 27-88 'aaii’« 
^ 2 , and equation (4) represents the reaction (R H). 

Ethyl dihromomalouate. was prepared by Conrad and Bniokm-r, 
method {Ber., 1891, 24, 3001). 1-590 Grams were dis-snlvefl b 
25 c.c. of alcohol, and 5 c.c. of this .solution liberated 24-0 c.u..\.,a: 
10^ and 737 mm. Tlie ca'olution was complete in a littie more tki 
a minute. Tlie molecular quantity therefore liberates 28-2 lirams X, 
and the reaction is expressed by equation (3). 

Fropyl Bromomalonatc—I’Topyl malonatc was broininatcd in the 
usual ^\■ay, and after Avashing with a dilutee solution of sodiiiii! 
hydroxide and with water, tlie broino- ester Ava.s dried ei\ er fiildiiiii 
chloride and fractionated; b. p. 13571- mm. l-OOS Grams weie 
dissolved in 25 c.c, of alcohol, and 5 c.c. of this solution liheratui 
25 c.c. ^2 at 17'' and 72(3 mm. Tlie nitrogen A\as completely 
evolved in about a minute, so there is no diife-renee? in theivactivitie- 
of the ethyl and propyl esters. The rcactiem is quantitatiyc aid 
proceeds in accordance A\'ith the typical equation (4). 

Ethyl bro}iioisosv.cci>i(iie Avas i)rcparcd by Wheeler and •lolinsoiiV 
method (•/. Amcr. Cknm, Sac., 1902, 24, ()86), 2 '530 Grams wm- 
dissolved in 25 c.c. of alcohol, and 5 e.c. of this solution liberami 
23-8 c.c. X ,2 at 16'^ and 756 mm. The nitrogen AAa.s evolved slowly 
but steadily, tlie reaction being complete in aliout six mimitos 
The bimolecular quantity liberates 28-1 grams A' 2 » 
proceeds quantitatively. 

Ethyl bromodhylmaloNatr, was })repared iiy Ruhemann s metlioi 
{Ber,, 1893, 26, 2357). 2-070 Grams were dissolved in 25 c.c. i-'J 
alcohol, and 5 c.c, of this solution liberated 22-8 e.c. AT at 15 
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fcoC) mm. The nitrogen was slow'ly evolved, the reaction extending 
Ivor three hours. The bimolecular quantity liberates 27*0 granrs X,, 
Lo the result is about 4 per cent, too low. This may be duo to 
Bncompletc reaction, or to the presence of some diethyhiialonic 
Ltcr in the broino-compound (see Tischer, he. cit.]. 
r Dhyl hromoim-propylmalomitc, prepared by Conrad and Bisclioff'.s 
Ijiietliod {Annalen, 18S0, 204, 144), and hrofnok<)bufylmalonate 
l(Giithzcit, Annalen, 1881, 209, 236; Fj.scher and Schmitz, Ber., 
11906, 39, 351) were also examined. In these cases th(> nitrogen 
kas slowly liberated, and the reaction extended over three to four 
'lioiirs. The results obtained w'cro about 2 per cent, too low. 

S Ethyl Acetylbromomdonatc.— This W’as prepared by the slow 
^addition of bromine to acetylmalonio ester, and jjurilied by wa.shing 
with dilute sodium hydroxide to reinove liydrobromic acid and 
excess of bromine. After drying over ealeium chloride, it boiled 
at 130“/10 mm. It reacted quickly with hydrazine, the nitrogen 
bciiiti completely evolved in less than two minutes. 0*594 Gram 
cave 25’4 e.c, Xo at ICV^ and 757 mni.; Br ~ 28*8 (eale,, Br 
28-47 per cent.). 

Ethyl nilromalonate w'as prepared by Wahl's incthod {('ompt. 
rfiid., 1901, 132, 1052). It did not liberate nitrogen when acted 
on by hydrazine hydrate. 

Ethyl bromonitromalonate was jn-epared by Willstdtter and Ilot- 
teiiroth's method {Ber., 1904, 37, 1780). 2-84 Grams were dissolved 
in 25 c.c. of alcohol, and 5 e.c. of this solution liberated 24*4 c.e, 
X-T at 13^ and 733 ?nin. Tim bimolecular quantity therefore 
liberates 28-19 grams Xh, so the bromine is quantitatively removerl. 
The reaction proceeds more quickly than witli hromomalonic 
ester, the nitro -group reinforcing the cifect of the two carbonyl 
groups. 

Till-: Cim.Mic.xL PvEse.vrcii Lauojiatorjk.^, 

U.MTED College of St. Salvatop. .and St. Leonafo.), 

UNiVEKSiTv OF St. .\n!)kews. Jtcaived, Man'll ith, 1922. j 


CV . — Derivatives of 2-Hijdroxijl)cnzantJirone, Part 1. 

By Geoffrey Goedox Bradshaw and Artiiit. George Perkin. 

It has boon shown by one of us (A, G. Perkin, Brit. Pat. Xo. 151707, 
192()) lhat the product obtained wlicn anthraipunone is heated under 
pressure with dextrose and alkali solution gives an almost qiiantita- 
ti'^ yield of anthranol on treatment with acid. It seemed likely 
that this proc . s might be generally applicable for the conversion 
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of liydroxyantliraquinones into their anthranols, or, indeed, a 
more drastic reduction might occur with the production of (\\, 
anthryl and anthracene derivatives (Perkin and Whattain, tlihvril 
p. 289). As the result of experiments with 2-hydroxyanthra(|uiu! 
one, dextrose, and alkali, although there is reason to jiresunif ihaf 
the initial product is 3-hydroxyauthranol, the reaction procm.k 
further with the formation of substances of a somewhat unexpccteii 
character. These are described below. 

E X PERI M E X 1' A L . 

C'l'ude 2-liy(lroxyanthra{[ujnoiic (5 grains), prepared from m\]. 
mereial 2-auHnoanthrar[uinone, was treated in the form of a 32 per 
cent, paste with a solution of sodium hydroxide (6-3 grams) ani] 
dextrose (o grams) in water (23 e.e.), and tins mixture was hcahh 
in an autoclave for eight liours at 170 — 1S0°. The product dissolvi-d 
in w^ater, giving a brown liquid pos.sessing an intense green tliions- 
cence, and from tins, by acidification in the cold, a semi-resiiunis 
precipitate (ri) sejiaratcd. This was collected, dried on tile, mHI 
ground, and in the earlier experiments .stirred up with a littlr 
pyridine, when the solution, on keeping, deposited a small amount 
of yellow' powder, the alkali sails of which gave lluorcscent sohitktns, 
8ome loss of substance bad, however, occurred, and as it was 
subsequently ascertained that this yellow compound possessed thi' 
properties of an acid, the following method was adopted for Iq 
isolation.^' 

The precipitate ri, sus])ended in iniudi water, was dissohed liv 
addition of sodium hydroNidt' and carbonic acid gas passed tliroiigli 
the liquid. The resinous precipitate (A) was removed, again 
treated twice in the same manner, and the combined liquids acidified 
with hydrochloric acid. A 3 Tllowish-brown deposit separated 
which became \'iscid on keeping, and this was collected and allowd 
to dry at the orelinary teinperalure (jicld 2*4 grams). The tliiely 
ground product, .stirred into about its own volume of acetone, gn\e 
at first an almost clear solution, but this rapidly commenced to 
deposit yellow ery.stals and became semi-solid on keeping. Those 
were collected, well washed with acetone, ami dried (C). Tlie yield 
was 0’8 gram. For imrificatiori, crystallisation from alcohol may 
be employed, but a more satisfactory result is obtained by the use 
of boiling acetic anhydride. The partly concentrated solution 
deposited crystals on cooling,! vhieli were again treated in a 
similar manner, enqiloying animal cluireoal, and the product was 

T]iis may also he effected by e.xtraetiiig ilio crude material with huilm? 
sodium acetate solution and acidityinfr tlie extract. 

t The acetic anhydrid'; moUjer-liquor i.s referred to later as (/>)• 
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linally crystallised from nitrobenzene (Found : C 7<)-2 ; H 3-16. 
requires 0 ~ 7941 ; H = 2-94 per cent.). 

This new substance consists of orange-yellow needles juelting at 
:Uj-417^ and is sparingly soluble in the usual solvents. In cold 
<'ilkaline solutions, it is insoluble, but on boiling it gradually di.s- 
.;()lves, giving orange-yellow liquids whieh po.ssess an intense green 
thiorescenee. The solution in sulphuric acid is also fluorescent. 
Kxperinient showed tnat an acetyl group was not present, and as 
the original material had the property of an acid, it ap]>eared likely 
that lactone formation had occurred as a result of the action of 
the acetic anhydride. To test the validity of this supposition, the 
substance (0-5 gram), suspended in 20 c.c. of boiling 

alcohol, was treated with I c.c. of strong ammonia, causing the 
separation of a semi-solid mass of minute, yellow needles consisting 
evidently of an ammonium salt, Addition of a little water gave a 
clear solution, from which, on acidification at the boiling point, 
hno needles separated (Found : C = 74-75; H 3-99. 
requires C = 74-5; H 3-45 per cent.). 

riiis compound, now readily soluble in alkaline li(.[uids, is cvidentlv 
the Iree acid; it closely resembles the lactone in appearance. It 
can again be readily transformed into tlie latter by deliydrating 
agents, and this change evidenth' occurs on hcatingo as it sint(n’s 
at about 275"' and is comph-tely fused only at 315 . 

fhc lactone, t\j^4ig03 (0-5 gram), digested with 3 c.c. of diethyl- 
aiiiiui' at the boiling point, quiekiy (l(q)osited crystals, and on adding 
a little dilute aleoliol and cautiou.sly neutralising the clear liquid 
witli lu diochloric acid, large, orange-yellow leafc-ts separated. 
These arc readily s{)]ui)le in aleoliol ( Found : (' ^ 72-G5: H ^ 5-9: 
X 3-G3. requires C -- 72-5 ; II = (i-04 ; X = 3-84 

per cent,). 

The formation of this eonqionnd, uhieli is evidently a dif fhijlaminf- 
^alt, proceeds almost quantitativ(4y, sim-e the vichl was 129-5 ])er 
cent., whereas theory requires 133 per cent, 

Ike acid f gradually dissolves in lioiling aniline. After 

digestion for forty minuti's, the litpud on cooling deposited crystals 
uhich were collected, washed witli aleoliol, and reerystallised from 
this solvent (Found : (.’ 79-3; H 4-4: X - 3-94. i\,n..O.S 

iw^u-es C = 78-90 ; H := 4-11 ; X 3*84 per cent,). “ ' 

llu.s aniUde consists of line, flat, yellow needles wiiieh melt 
dissolve in alkaline liquids with formation of 
t-fcni, fuorescent solutions. To obtain furtlier evidenee of the 
pie.sence of the liydruxyl groiqi in the aeid t)-5 gram, 

^uspuu ed in G c.c. of cold pyridine, was treated with 3 c.c. oi acetic 
these conditions being employed so as to avoid lactone 
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formation. The orange-yellow needles did not dissolve, 
gradually became pale yellow, and after keeping over-night tiie 
product was collected, waslied with alcohol, and recrystal Iked 
from acetic acid [Found : C = 72-95 ; H — 4-26. 
requires C = 72-3 ; H = 3-67 per cent.]. 

On heating, this acehjl derivative appears to suffer gradual 
decomposition, and docs not possess a definite melting point 
By h 3 "drolysis in boiling acetic acid solution with fuming hydro- 
chloric acid, the yield of regenerated acid was 85-09 per cent., 
whereas theory requires — 87-35 per cent. These soino- 

what low figures were found to be duo to a conversion during the 
h 3 "dro]ysis of a small portion of the acid into its lactone, but in 
an\^ case the result is sufficiently accurate to indicate the presence 
of one acetyl group. 

Meihylalion . — The lactone, suspended in methyl alcohol, tvas 
repeatedly treated with equivalent amounts of methyl sulphate ami 
methyl-alcohol ic potassium 113 -droxide, the mixture being boiled 
after each addition. Tlie methylation process occurred onl}^ slowly, 
and very large quantities of these reagents were necessary. The 
mixture was partly evaporated, hoi water cautiously added, and the 
cr 3 ^stal]inc precipitate which separated Avashed with dilute sodium 
hy^droxidc solution and recrystallised from methyl alcohol [Found: 
C==7o'G0; H-4-4{); CHg = ]9-29. CigHgtyO CHalg requires 
C — 75’50 ; H = 4*40; CBg — ]9‘49 per cent,]. 

This dimethijl compound consists of long, yellow needles nieltiim 
at 185 — 18(i^ and is somewhat readily* soluble in boiling alcohol. 
Sulphuric acid dissolves it, to form an orange solution possessing 
a green flu orc.se cnce, and nitric acid behaves similarly. A hot 
solution in glacial acetic acid, when treated with sulphuric acid, 
deposited on cooling orange needles which became red on drying. 
Owing to the ready solubility of this compound, evident k an 
oxonium sulphate, in acetic acid, its anal 3 ^sis was not attempted. 
When a solution containing O' 5 gram of the dimethyl corapounrl 
in 8 c.c. of boiling acetic acid was treated with 0’5 gram of anhydrous 
ferric chloride in 8 c.c. of acetic acid, a red coloration developed and, 
on cooling, ciy.stals of the ferrkhloride oxoniimi salt separated. 
These were uashed with acetic acid, and, when dr}", formed a scarlet 
mass of fine needles. Treatment with water regenerated the methyl 
ether, and tlii,s method was employed for anal 3 "sis [Found: 

= 76-13 ; Cd - IC'79. (C2oHi404)2,HFeCl4 requires 
C 20 H 14 O 4 =- 7G-19; Ci = 1()‘99. per cent.]. 

The siannichlorlde [)rcparcd from 0'5 gram of the substance ia 
20 c.c. of acetic acid and 0*5 gram of anhydrous stannic chloride 
in 10 c.c, of acetic acid separated as hair-like, scarlet needles 
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[fouiifl : C20H14O4 ~ 68‘o 2; r)8‘54-. ^04)^, 800)4, tiCl requires 

QflHj.j()4 - 68'14 per cent.]. 

"The pkdnicJiloride wa.s ol)taiood as bright red, prismatic 
needles [Found : Pt— 1472; 14*20, {OooH44()4)^,HoPtClg requires 
pt = 11'31 per cent.]. 

As tlie product of the inethylation, C^t^lli404, evidently contains 
l)oth a phenolic and a carboinethoxy-group, experiments were now 
carried out with the object of obtaining tlie metlioxycarboxylic acid. 

The dimetliyl compound (0'4 gram) was digested witli 20 c.c. of 
10 per cent, alcoholic potassium hydroxide on the water-bath, 
when line, orange needles of a potas.sium salt were quickly deposited. 
After heating for an hour, the addition of hot water yielded a clear 
lluore.scent solution, and from tliis, hy acidifying, a crystalline 
precipitate separated. This, when reerystallised from alcohol, 
sintered at about 275^ finally melted at 314 -316^ and bad the 
properties of the hydroxy -acid, C48H4QO4, Py this treatment, 
therefore, not only tlie carboxylic ester, but also the raethoxy- 
group, had suffered hydrolysis. 

In a second experiment, a solution of the dimethyl compound, 
in 10 parts of cold sulphuric acid was allowed to stand 
for three Iiours. The product was poured into water, the mixture 
boiled, and the crystalline preci])itato collected and recry.stalliscd 
from alcohol. Thus oblairied, it dissolved completely in dilute 
ammonia, and when heated commeriecd to sinter at 270° and melted 
at 277—279° [Found; CH3^4*G1. requires 

('H;5 ~ 4'f)0 per cent.]. 

ilii.s product, although it consisted maiuly of tlie inethoxycarb- 
o.u'lic acid, was evidently not quite pure, and even under these 
conditions some domethylation of the methoxy-group had taken 
place. Thus it was ascertained that by a treatment with cold 
."'Uiplmric acid extending over s(*vcral days, complete demethylation 
occurred, the product by digestion with acetic anhydride being then 
entirely converted into the lactone 

Attempts to remove tlie carboxyl group from the acid 2(^04 
by fu-sion witli potassium hydroxide at 230 -240° for one hour 
iailcd, most of the original substance being recovered unchanged. 
At 2.50— 2G0", decomposition slowly occurred, and a dark brown 
amorphous i)roduct, soluble in alkali without fluorescence, was 
jiroducecl. 

dUfiilalion v'ltk Zinc Dust, — The lactone, (1 gram), was 

dhtilled with zinc du.st in a current of hydrogen according to tlie 
^udi-kuown method of (latternianii. The red, crystalline deposit 

deh had collected in tlic cool portion of the tulie wa.s removed, 
extract cd wit), i.ofling alcohol, tiie solution decolorised with animal 
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charcoal, and evaporated to a small bulk. Pale brownish-yellow^ 
needles, melting at 78^, separated, and these dissolved in sulphupie 
acid, forming a red solution which possessed a brown fluorescence 
As it was suspected that this hydrocarbon was impure bonzanthrenc 
both the 2 -hydroxybenzanthrone prepared from 2 -liydroxyantlira] 
<[uinone and benzanthrone itself were respectively distilled ^vitt 
zinc dust. Tlie product in each case after purification consisted of 
greenish-yellow leaflets melting at 80°, and these, admixed ^itli 
the hydrocarbon derived from the lactone, melted at 79 — So- 
According to Bally and Scholl {Bn., 1911, 44 , 1607), benzanthreiic 
readily oxidises in presence of air. It m{?lts at 84:°, but to obtain 
the pure substance special precautions arc necessary in order tu 
exclude air during its purification. Such a treatment in this caa- 
was not adopted and the product was now digested in acetic acid 
solution with a little ferric chloride. On cautious dilution with httt 
water, pale yellow needles separated which melted at 16o' and 
proved, as the result of a mixed melting-fioint determination, to he 
identical with benzanthrone. It accordingly seems certain thiit 
the acid whicli so readily yields the lactone 

consists of a hydroxybenzanthronecarboxylic acid. 

Oxidation of the Dimethyl Ether.— To a solution of the substance 
{1 gram) in 20 c.c. of acetic acid, o o c.c. of a solution of 1 partd 
chromic acid in 2 parts of 50 per cent, acetic acid were added drop 
by drop. A vigorous reaction occurred, and on keepiiig, the liipik! 
deposited pale yellow plates. By rccrystallisation from acetic acid 
after decolorising with animal charcoal, it was obtained in an almost 
colourless condition and melted at 267 — 268°. The product was 
iEisohible in alkaline solutions, and on exposure to light gradually 
acquired a reddish-brown tint [Found: C ~ 66’4l ; 

OH 3 8 ’ 86 . Ci(;Hg 04 ( 0 'C'H 3)2 requires C= 66 ' 66 ; H 37i]; 
CTI^ — 9'26 per cent.]. 

As it seemed probable that this substance was the (ster (f a 
carboxylic acid, it was digested for a short time with dilute alcoholi'" 
potassium hydroxide at the boiling ])oint. \Vater was a<idt‘d, tb- 
alcohol boiled off, and the clear liquid acidified. Almost coiourlcv' 
needles separated melting at 275°. 

In a second experiment, a solution of the substance 
sulphuric acid was heated on the water-bath for a few minutes 
during which time the orange -red colour of the liquid quickly changed 
to green and sulphurous acid was evolved. The addition of watei' 
caused a dull \'ioiet precipitate to separate and this was collected, 
dissolved in dilute ammonia, and the reddisli- brown solutmii 
decolorised at the boiling point with animal charcoal. On aculifiw* 
lion, greyish-white needles were deposited, which melted at 
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[Found : C = 67*9 ; H - 3’69 ; CH^ - o‘33. 

requires C = 68 08; H ^ 3‘'>4 ; CKg - 5-32 por cent.]. 

It has been show (Perkin, T., 1920, 117, 700; Perkin and 
Spencer, this vol, p, 478) that the methyl ether of the 2-hydroxy- 
benzanthrone derived from 2 -hydroxyanthraqiiinone gives liy oxida- 
tion a methoxyanthraquinonecarboxylie acid melting at 276 '. As it 
appeared probable that the acid just described wa.s identical with 
the latter, a jnixed melting-point determination was carried out, 
\vhich proved this to be the case. 

It seems evident, therefore, that the tir.st product, (\sH 14 Og, of 
the oxidation of the methylated acid, methyl 2 -methoxy- 

iinthraquinonc-l'glj'oxylate (I), and that this passes l)y hydrolysis 
jtiid elijuiiiation of carbon dioxide into 2 -nicthoxyanthraquinono- 
I -carboxylic acid (II). 


CO-(;(),A[c 


{!•) 



OMe 


COM 


\/ CO 


(II.) 


The fact that the ]first-namerl ester eontains the two methyl- 
gronp.s present in the original com[)ourid before oxidation affords 
proof of the positions of the methoxy- and glyoxylie arid e.sfcr- 
group, the former of which is naturally in the 2 -])osition on account 
of Us derivation from 2-hydroxyanthraquinone. There is a very 
close resemblance in properties between the acid derived 

from 2-hydroxyanthra(iuinonG by mcan.s of dextrose and alkali 
and the 2 -hydroxybcn 7 .antlirone \^'liicli is also i)repared from the 
latter compound by means of glycerol and sulphuric acid. Thus 
both give with dilute alkali intensely fluoreseent solutions, both are 
extremely stable tow ards fu.sed alkali, and again from their methyl- 
ation products welbcharaeteriscd, scarlet oxonium salts can be 
obtained. It therefore seems certain that the former is a carboxylic 
acid of the latter, and again the readiness with which this liydroxy- 
acid undergoes lactone formation indicates tliat its hydroxy- and 
carboxyl-groups are in the pori-]xx<ition to one aiiotlior. Tlic 
constitution of the aciil f Ihus eo^isidered to be represcjited 
by III and this afi'ords additional evidence (Perldn and Spencer, 
foe. at.) that the liydroxybeiizanthrone above referred to po.ssesse.s 
the hydroxyl group in the 2-positioii (IV). 


(HI.) 


i 




Ncoai 



CO 



CO 


(IV.) 
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The production of hydroxybenzanthronecarboxylic acid from 
2-hydroxyanthraquinone by treatment with alkali and dextrose 
rendered it likely that other sugars and the allied alcohols mitftt 
be also efficient for this purpose. A mixture of hevulosc (12 grams) 
2-hydroxyanthraquinone (12 grams), sodium hydroxide (15 grams)' 
and water (90 c.c.) was heated at 200° for seven hours, and the pro' 
duct worked up as previously described. The result was praetieallv 
identical with that given in the case of dextrose, there being obtaiuell 
after the acetone treatment Id) grams of crude carboxylic acid 
which yielded 0‘8 gram of the pure laeloiic. In a second experimtmi 
the laevulose was replaced by 12 grams of mannitol, with a similar 
result, the yield of crude carboxylic acid being Td grams and of 
pure lactone 0’45 gram. 

More specially interesting was the formation of the hvdroxv- 
benzanthronecarboxylic acid fj-om 2 - liydroxyanthrarjuiiiono 
{12 grams), sodium hydroxide (15 grams), and crythritol (12 
grams). Though owing to its cxpcrisi^-c nature crythritol could 
not be employed in largo amount, it proved to be far the mast 
effective reagent for this purpose. Thus the product isolated 
by means of carbon dioxide {3-2 grams), being free from viscid 
impurity, required no treatment with acetone, and by one treat- 
ment with acetic anhydride gave the pure lactone melting at 31T- 
319°. Again, it was ascertained tfml glycerol is serviceable for this 
purpose; the crude product thus obtained is purer than that given 
by dextrose. This, after reciystallisatioii from acetic anhydride, 
melted at 317 — 318° (Found : 0 — 79-50; H = 2-9-4 per cent.). 

Finally, it was noted that if in these experiments 3-hydro\v- 
anthranol is employed in tlic place of the 2-hydroxyanthraquinriiir, 
no difference is to be observed in the resulting products. There 
can indeed be little doubt tliat v lien 2-hydroxyantliraquinonc k 
submitted to the action of dextrose and alkali its anthranol repre- 
sents the first stage of the reaction. 

The action of alkaline oxidising agents on sugars, which is ])ro- 
found even at the ordinary temperature (Nof, loc. cit,), must be even 
more complex at the high temperature here employed, so that 
the theoretical reasons which can be suggested to account for tk 
benzanthrone formation in this remarkable manner must new^i- 
sarily l)e, at least at present, of a s]}ecu]ativc character. In 
attempting to explain the mechanism of this reaction, the ease of 
crythritol is the simirlest, because this substance contains just the 
necessary four caibon atoms for tlic transformation. This, l>y the 
oxidising action of the 2-hydroxyanthraquinone, it is assurued, any 
pass first into crythro.se and f heu into the apparently unknown (i- 
aldehydo-a[3-dihydroxypropiome acid, CHO-CH(OIl)-cil(O.H)*C 02 H. 
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by loss of water will yield the acid OHO ‘Ollg'CO *002^1,* which, 
reacting in tautomeric modification, CH 0 *CHiC( 0 H)*G 02 H, on 
the hydroxyanthranol, is probably responsible for the benzanthrone 


formation : 


/% 

CH 0(0H)'C0,H 

I I 

c. 


OH 




C-COjH 


III I I I I 

\/'C0 \/ '\,/ CO \/ 

In extending such a theory to this benzanthrone synthesis by 
moans of dextrose, mannitol, and hevulose, it appears not impos- 
that the trihydroxybutyric acids which have been found by 
[Amiakn, 11107, 357, 214; 1910, 376, 1; 1914, 403, 204) 
among the products arising from the alkaline oxidation of dextrose, 
and which with little doubt will result in a similar manner from 
mannitol and lacvnlose, may be serviceable for this reaction. Thus 
from these by the oxidising action of the 2-hydroxyanthraquinone 
according to the scheme indicated above, the acid ( ■HO-CIi^'CO’COgll 
can also be assumed to originate. On the other hand, a possibility 
simgcsts itself of the union of the dextrose with the anthranol by 
means of its aldehydie group in the first instance, although, as 
anthranol formation does not occur in these circumstances except 
at elevated temperatures, such a reaction is unlikely. 

That the effect of glycerol, containing as it does only three of 
the necessary four carbon atoms, is here identical with that of 
dextrose, is difffcult to understand. By the interaction of its 
oxidation products a condensation will presumably occur, the 
resulting comj)ound being subsequenth' degraded, at least in part, 
with formation of tlie necessary four- carbon complex. 


Other Products of the Pcaclion. 

In addition to the 2-hy(irox\d)onzanthronGcarboxylic acid 
obtained ■^rom 2-liydroxyaiitlirarpiinone by the dextrose- alkali 
procc.s 3 , three other crystalline compounds liave been isolated in 
small amount both from the acetic anhydride mother-liquor [B) 
and the resinous precipitate (J). 

lathe former case, {B) was diluted witli much water, the precipit- 
ate collected, dried at the ordinary temperature, and treated with 
a little acetone. The residue, aft(M’ recrystallisation from acetone, 
was digested with boiling benzene, by which treatment a yellow, 
crystalline substance (/)), soluble in sulphuric acid 'v^ ilh a crimson 
coloration and which is referred to later, remained undissolved. 

* This add is apparently also unknown, but its chloro -derivative, ^-chloro- 
«-hytlro\-y-j3.formylarrylic add, CHO'CC]:C(OH)’COiH, has been prepared by 
Hill aid I’almor {•/. .'bmr. Ghcm. Soc., ISST, 9, 160), 
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The filtrate on evaporation deposited orange leaflets, and to remove 
a trace of D still present these were extracted with acetone. Xiio 
crystals obtained by evaporating the extract were again recry^ij]. 
Used from acetone * [Found : 0 — 77'd ; H ~ 3’9. OogHi40^(Cd{j)j^ 
requires C — 77*1 ; H = 3'C() [jer cent.]. 

This acehjl compound, when heated, partly fused between ]6fi- 
and 170^, on further heating solidified, and finally melted at 27fi 
Sulphuric acid dissolves it with a fine violet coloration, whereas its 
solution in ben/,ene possesses an intense green fluorescence. Bv 
hydrolysis with fuming hydrochloric acid in presence of acetic aeij, 
83'2 per cent, of the free hydroxy-compound was isolated in the forai 
of an orange-red ])Owder, ^^■hcI'eas the above formula requires 
— 83*2 per cent. The product, recrystallised from a 
large volume of ac(done, 'was obtained as orange-red needles 
(Found: C=-8()-70; H = 3'70. requires O = S0'7C: 

H 3'8-i per cent.)- 

Heated above 300^, it apparently suffered decomposition, aiul liad 
not completely fused at 350°. Sulphuric acid dissolves it A\itli a 
bluish- violet coloration, and dilute alkalis with a red tint similar 
to that given by 2-hydroxyanthraquinonc. This compound caji Hr 
readily methylated by diazornethanc in the pre.sence of pure acetoni'. 
The orange product, by recrystallisation from dilute acetic acid, was 
obtained as needles melting at 276° [Found : (■ — 80*95; H — 4*:l(i, 
C28 Hj402(0*CH3)o requires 0 SI *08: H ^ 4*.50 per cent.]. 

This d/wc/Ao.ry-cojnpound readily yields oxoniiiin salts. Thus with 
ferric and stannic chlorides resjK'etively in the presence of boiling 
acetic acid both the fcrrkhloridt and slannkhlor\d(> separate ns 
luinute, brown needles. These compounds, wdiich are readily deeoim 
posed l)y water, could not be analysed owing to lack of material. 

Tiiis compound, identical with the substance previ- 

ously obtaiiied l)y the oxidatioir of 3 : 3'-(lihydroxydianthronc {^J 
(Perkin and Wliattam, loc. ci(.) with permanganate : 


(V.) 




CO 


i 

CH 


CO 


OH 


CCoii 


* Im')!’ llio ifsolaticm of [)ro<]nr’i from tlio brown, ro.'^inoiis iirodiirt i.I'. 
Ihe latter dijro.sted with ueelie aiiliydrido otkI a (race of j'yridiiif ;i. 
the boiling i)oint, tne .solution innired into water, tlie [weeipitnte wadieJ, 
dried, and extracted with Imiliiig alcohol, by which u con.sicler.ible nmoiui 
uf bi'own matter -.cns imtlissolvcEi. Tim extract on evaporation }ielcle< 
ery.stals, and these, alter wasliing with acetone, were rccrystallised first fioi« 
benzene and then from acetic acid. The substance D was absent in this case. 



derivatives of 2-IIYDR0XYBEN2ANTI[R0NE. tart f. 921 


rpfiere can be little doubt that it consists of 2 : 2'-dihyclroxy(liarithra. 
quinono (\'I). The only alternative formula is that of a dihydroxy- 
lioliaiithrone (VII), and this for numerous reasons appears to be 


unlikely. 

(VI.) 



/\ CO /\ 

! I I I 


\/\p/\/ 



OH 

OH 


\/ CO \/ 


(VII). 


The sparingly soluble acetyl compound { f>) ohtained during the 
isolation of the diacetyldianthraquinone was recrystalli.scd from 
iiuich benzene {Found: C — 77'4; H ~ 37 per cent.). It con- 
sisted of fine, yellow needles ^^'hich decomposed before melting, 
becoming black at about 300^. It di.ssolved in sul[)huric acid with a 
fine crimson colour, and from this .solution, after keeping, cautiou.s 
addition of acetic acid caused the deposition of maroon -coloured 
needles. These, which appeared to consist of an oxoniiim sulphate, 
])ccaiuc orange-red on treatment with water and then gave 
C - 80‘81 ; H — 3'09 per cent. This compound is not dissolved 
bv sodium li 3 "droxide solution, an insoluble red sodium coinjjound 
being thus produced. It doc's not melt below 320^. 

The analytical figures suggest tliat this substance is closely allied 
to the 2 : 2'-dLhydroxydiant}iraquinone described above, and may 
po-S-sc-SS the formula C 2 S^Ii^ 04 , that is, that il contains two h\alrogen 
atoms less than the latter compound. Although it is possibl 3 ’ a 
liclianthrone derivative, the amount produced has been too small 
fuf its detailed investigation. 

Interesting was the fact that the diliydroxydianthraquinone 
and the substance couJd only be found in the dextrose- 

alkali fusion product when stick potassium livdroxide had been 
eniplo 3 'ed. This was apparenth^ due to a trace of pota.ssium 
nitrate in the latter, for when a mixture of the ordinary commercial 
alkali with jwtassium nitrate was emploN'ed, a positive result was 
obtained. In the absence of the oxidising agent, acetylation of the 
re.sinous matter yielded, according to the method described above, 
‘in acetyl compound crystal Using in colourless needles melting at 
302—303°. This apparently possesses the formula C.>j,Hij 0 ,j(('.,H. 50)4 
(Found: 7325; H ^ 4-31 : acetic acid 4073 per cent.), 

and although very similar to the acct 3 date(l 3 : 3 '-dihvdrox 3 'di- 
anthranol of Perkin and ^Vhattam {loc. ciL), docs not seem to be 
identical with this .substance. A molecular weight determination 
gave M ^ 602. ics further investigation will be attenqded. 
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In view of the beliaviour of 2-hydroxyanthraquinonc in 
circumstances, other hydroxyanthraquinones, namely, erytlnoxy. 
anthraquinone, anthraflavic acid, woanthraflavic acid, alizarin 
purpiirin, and purpuroxanthin, have all been submitted to prelimin. 
ary experiment under these conditions. Of these, only the anthra. 
flavic acids have given up to the present compounds which appear 
to contain the benzanthroae nucleus. They closely resemble llir. 
above-described hydroxybenzanthronecarboxylio acid in appear, 
ance and properties, and when sufficient raw material is available, 
tlieir preparation in large quantity Avill be undertaken. 


Summary. 

When 2-liydroxyantbraquinone is heated under prc.s.sure with 
dextrose, erythritol, glycerol, mannitol, or lawulose, hydroxy 
beiizanthroiiecarboxylic acid (111) is formed together xvitli a brown, 
amorphous substance, the latter being the main product of the 
reaction. Small amounts of 2 : 2'-dihydroxydianthraquinone (V) 
and of two compounds, and C 2 gHjg 04 , the nature of whicli 

is as yet uncertain, are simultaneously produced. 

We are much indebted to tlie Britisli Dyestuffis Corporation, Ltd, 
for many facilities for carrying out this work and for the supply 
of raw materials necessary for this purpose. 

Cloth wo r kk rs ’ R k.sk a kch L a bo r a to r x' , 

The UxivEKsiTV, Leeds. Jia'iiccJ, MarchA al, 


Q\'l.-~Researckes on Remlual Affinily and Co- 
ordination. Part VIIL InRraciion of Tellurtuni 
TefracJdoride and fi-Dlkelones, 

By Gilbert T. Morgan and Harry Duoald Keith Drew. 

Of sex enty-seven elements pos.ses.sing chemical properties no 
fewer than fifty-seven have been shown to yield with acclylaeotoiic 
derivatives containing a univalent radicle C5H7O/. These product 
have in poart been classified in an earlier communication (1., H-C 
117 , 1450), and a summary, already rendered incomplete by »n> 
sequent researches, is given of tlieir properties, in Beilstciii hHciiu 
buch ” (edition 1918, vol. 1, pp. 781 -TS-l). 

On condensing acetylacetone with the tetrachlorides of soleiimm 
and tellurium we have obtained evidence that this p-diketonc 
rise to a bivalent radicle the condensation taking a 
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different course from the reactions hitherto recorded with the other 
clcoieiits. 

The singular behaviour of the tetrachlorides of selenium and 
tellurium towards acetylacctone has now been examijied more 
closely and our investigations have been extended to other fi- 
diketoiies in order to find an explanation for the nature of this 
exceptional condensation. In the present communication, we 
deal witli the case of tellurium tetrachloride, the reactions of which 
with acctylacetonc and bcnzoylacctonc have already received 
attention (he. cit.; T„ 1921, 119, 611). 

A detailed examination of the condensation between tellurium 
tetrachloride and acetyl acetone in chloroform B.P. shows that 
three products are obtained which represent the three different 
types of compounds formed in llie condensation of this tetrachloride 
and the other 13-dikctones. These typical sub.stances from acetyl - 
acetone have the following molecular formula; : 

i. (^yiG^2‘TeCU. iii. C5llGO(0’C^H5)TeCl3. 

Tdlurinm bisaeeti/lacetoniulichloridc, the first product (i) containing 
a univalent radicle may be regarded as rc‘])rescnting the 

normal condensation, yet it will be shown below that this univalent 
group is in all probability not identical but isomeric with the 
organic complexes present in metallic acetyl acetones. 

Trllurium acetylacctone dichlorido (ii) contains the new bivalent 
radicle (1., 1920, ibid.), whereas the third conipound. tellurium 
O-ethylacetylacetono tilchloride (iii) arises from the intervention of 
ethyl chloride formed during coiidensatiou from the alcohol present 
ill chloroform B.P. 

The other '2-diketones containi tig an acetyl group furnish tellurium 
derivatives conforming to one or other of the preceding types, but 
of the examples so far studied only acetylacctone gives rise to all 
three products. These j^ractical results are explicable on the view 
that tellurium tetrachloride reacts initially with the teriuinal methyl 
group of the [i-diketoiie, tlie subsequent course of the condensation 
depending on the enolic condition of the reactive primary product. 

1. Tellunum Teiracldoride and Acdi/laccdone. 

Ihc initial reaction between these reagents proceeds with elimina- 
tion of hydrogen chloride to the following primary product, 

s CO'CHj'CO-CH^.TTCIg (I), which, although not isolated, may 
je n-garded a.s tlie parent substance of tlie three stable tellurium 
f^butues subsequently produced. Knolisation of the primary 
product leads alternatively to the forms la and 16. 
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(i«.) 

HC^^ 


([(-•) 


/CH, 

''C(OH)" 

,OH 


HC 


TeCL 
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/CH, 


CH, 

% 


(IV., 
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(.'H, 

•A, 


o:C' 




CH-\<TeCI. 
C-OH I 


'2 III.) 




\TeCl, 


■ 




/CH, 


In the former condition {!«), tliere is no tendency for the niolecii]e 
to lose hydrogen chloride, since this condensation wonld lead in 
the formation of a highly strained, foiir-rnemborcd ring joiiiiiif' 
tellurium and the enolic oxygen, and accordingly condec.satirii! 
occurs with a second molecule of acet 3 dacetonc, leading to tiic pro- 
diiction of tellurium bisacetylacetone dichloridc {II). This (.■om. 
pound retains the enolic properties of acctylacetone and ijive' 
characteristic ferric and copper dcudvatives. Hence the univalor 
acetylacetone radicle, CbH-Og', present in this tellurium dcrivalivi- 
is essentially dilferent from the isomeric complex in such metallic 
acetylacetones as the aluminium, gallium, and copper conipouiiT, 
Owing to the sj^atial arrangcmoiit of the molecule in the altcriia- 
tive enolisation (1 /j) of the primary product I, the enolic gnuiji 
becomes adjacent to the tellurium radicle, TeClg, and, in piiiv 
chloroform, elimination of hydrogen chloride occurs uilli tie 
production of tellurium acctylacetone dichloride (III) owing to tie 
general tendency to form six-membered rings. If, however, etliyl 
chloride is either added or prestmt as an impurity in the solvent, 
then ethylation of the enolic group occurs with the formation oi 
tellurium 0-ethyiacctylacetone trichloride (IV), this product also 
arising from the joint action of hydrogen chloride and ethyl chloirie 
on tplliiriiim acetylacetone dichloride. 


2. Tdluriiun Tdrachloride and (he ^-Alkijlucdylacduin^. 

The coTideiisatioii between tellurium tetrachloride and C-iuethyl- 
acet 3 dacetone or C-ethyl acetylacetone takes a simple course, oiT 
one product being obtained iti either case, namely, 
'd-methylacc4ylacelonc dichloride (VI) or kllurium ‘S-ethyhcciykck^’^^ 
dkhloride (VII), I’cspectivtdy. 

In these instances the reactive primary product, 

CHyCO'CHR-CO'CHyTeCl^ {\), 
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eiioli-'cs on the side remote from the tollnriiim radicle to the 
jiiodification Vfl, from which hydrogen chloride is eliminated readily 
owing to the tendency to form six-moml)ered cyclic systems, thus 
leading to the production of the two iellunurn. S-alkylaceh/Jaadone 
^jichlorides (VI and VII). 





TeClj (V</.) 



\ 



3. Tellurium TdmcJdoride and ^-Cldoroaeetylacetone, 
hi the condensation between the tetrachloride and 3-eliloro- 
acetylacetonc two substances are obtained corresponding with 
types i and ii. The main product is tcUarium bi-s-^-chloroacdyl- 
(icdoiie (Uchloride (iX), the by-product being teUurium Z-chloro- 
dichloride (X), This result is explicable on the same 
general hypothesis; the formation of a reactive primary product, 
('HyCO*CHCl*CO'C'H 2 -'J'eCl 3 (VllI), which then enolises into one or 
other of two modiheatious Villa and VII 16. 


iVIlk.) 


o:c- 


cict 


,CH3 

C(OH)' 


TeCI^ 

CH, 


( CH^XleCl, 

i o;i\ /-c-OH ! 

\ K’CF u_ 


The enoheform Villa condenses with a second molecidar proportion 
of 3-chloroaeetylaeetone to \deld tellurium bis-3-ehloroacetylaeetone 
dichliride, whicli retains two enolie groups, as is shown by the 


production of copper tellurium bis-3-chloroacetyIacetone diehloride. 
The formation of tellurium bis-3-chIoroacetvlacetone dieliloride 


(IX), an enolie substance yielding metallic derivatives, is a crucial 
proof of tne general hypotliesis that telliiriuin becomes attached 
initially to a terminai methyl group. The alternative possibility of 
replacing the hydrogen of the ehloromethylene group would not give 
rise to an enolie compound. 

Owing to the spatial arrangement of the groups in the second 
enolie form, Vni6, tlu' enolie and tellurium radicles bocoim' mlgh- 
bour.s, so that hydrogen chloride is eliminated between them with 
t!ic formation of tcllurium-Z-chloroacdylaceionc diehloride (X). 




926 


MORGAN AND DREW : RESEARCHES ON 


4. Telkirium Tetrachloride atid Pivalylacetone {Aceiylpinacdli-n), 
The interaction between the tetrachloride and pivalylacetone 
in chloroform B.P. leads to the formation of two compounds; ihe 
main product is tellurium 0-ethyljnvalylacetone trichloride (XII) 
the by-product being telhrhm Inspivalylacctone dichloride (XlUj 
It is evident by the absence of a cyclic compound (type i, page 923j 
that in this instance enolisation of the primary product 
(CHal^C-OO-CHg'CO'CHg'TeClj (XI) has occurred on the side remote 
from the tertiary butyl group. Thi.s ]nodc of enolisalion (Xla) 
iuliibits any formation of a six-membered ring and tends either to 
ether formation (XTI) or to condensation with a second molecule 
of pivalylacetone to tellurium bispivalylacctone dichloride {XII [). 


^0(0113)3 

If ^ 


/'(CH3)3 ^ 

(XTI.) o:c/ 'ftci3 

HC-\ /CH, 

^cio-c^h/ 


^'(^'^3)3 9^2 


>o:c\cg/c.oHy 


(Xlll.; 


5. Tellurhim Tetrachloride and Benzoylacetoue (T., 1921, 119,6171, 
In this condensation using chloroform B.P, only two product 
arc obtained, tellurium bisbenzoylacetone dichloride (X^T) ami 
tellurium 0-cthylbenzoylacetone trichloride (XA^). This practical 
result can be explained on the basis of the same hypothesis as that 
employed in the preceding condensation, 

The primary product is the reactive compound 

CclIs'CO-CJVCO-CHs-TeCIg 

(XIV), which cnohscs only on the side remote from the plienvl group 
to give the cnolic modification XR^a. 


/CVH, 


(xm/,) 


TeCL 


HR\ /('H, 
VC(OII)/ X “ 


(XV.) OX'/ 


TeCL 


HC:. /CH, 


, C3H3 (,'Il3-<TcA(XVl,i 




When ethyl chloride is present etherification of the pririar) 
enolic compound takes place readily and tellurium O-ethylbeuzo}!* 
acetone trichloride (X\') results. In the absence of ethyl chlorHc 
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the primary product condenses wiUi another molecule of benzoyl- 
acetone and tellurium bisbcnzoyiacetone dichloride results. This 
compound is enolic and yields a copper derivative. 

The condensation was repeated in pure chloroform free from 
alcohol or ethyl chloride in the hope of producing a cyclic compound 
of tvpe i {page 923), but in vain, the only derivative obtained was 
the bisbcnzoyiacetone compound (XVI), thus showing that enolisa- 
tion of the primary product occurs on the side remote from the 
phenyl group. 

This summary of the experimental evidence obtained with .six 
'j.diketones shows that the condensations are capable of 8imi){e 
explanation on a general hypothesis. All the [5-diketuiies examined 
contain a methyl group and at least one hydrogen atom attached to 
the central carbon atom situated between the two carbonyl groups. 
It is therefore evident that the four ,B-diketoncs, acetylacetone and 
its 3*alkyl and 3-halogen derivativc.s, which yield cyclic tellurium 
compounds (type i), contain each a bivalent radicle having the 
general formula — CH.yCO’CX!CK‘0— . In this unsat urated group, 

which is obtained by eliminating one hydrogen from a terminal 
metli}'! group (I) and the other from an enolic group attached to 
carbon atom 4 of the chain, R may be either CHg or CH^'CIIa, 
whereas X repre.sents a halogen atom or an alkyl group. 


(\\ II.) 3 I I 
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Oil reduction with sulphurous acid or alkali bisulphites the cyclic 
compounds of the general formula XVH are converted into cyclic 
organic derivatives, XV 111, of bivalent tellurium. This series 
inchdL^atdlurium ^-mcthylaccti/lacrtonr (X l.\), idlurium "^-ethjlaa’iyl- 
mtoM (XX), and ieUurium '^•ddoroacit^ilacetone (XXI). 
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These compounds, which resemble tellurium acetylacetone in con- 
taining bivalent radicles of the general formula CkH-XO.,", have a 
pronounced yellow colour and are sparingly soluble in water: their 


aqueous solutions exhibit a very marked inhibitory action on the 
growtli of bacteria. 

lurlber contributory (wddence as to the validity of the formula 
for the foregoing tellurium derivatives is derived from the fact that 
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dibenzoylmethane, which contains no methyl group, docs not 
condense with tellurium tetrachloride to yield a stable organic 
derivative; the crystalline yellow compound, {C(jHg'CO} 2 CH*TcC] 3 , 
produced is readily decomposed by W'atcr into the original diketone 
and hydrocljloric and tellurous acids. 

It should be pointed out that the reasoning employed in the 
foregoing discussion on the constitutional formulae of the tellurium 
derivatives of the p-diketones is subject to an ambiguity inlicrent 
in the conventional representation of the chemical structure of these 
diketones. This uncertainty is due to the possibility of either simple 
or twofold enolisation arising from a migration of hydrogen from the 
terminal methyl groups. A molecule of diketonic acetylacetone 
(I) undergoing this change would pass into the dienolic form (II) 
and this labile modification might revert to the diketo-form (III) in 
such a way that one of the terminal carbon atoms 1 or 5 would 
take up the median position formerly occupied by the methylene 
carbon atom 3, the latter becoming the centre of a terminal methyl 


group. 

o:c c:o 

1 5 

(I-) 

0 

6:c 




3 

CHo 


^ch; 

(II.) 


c:o 



(HI.) 


If at any stage of these reversible changes the hydrogen attaciied 
to carbon atoms 1, 3, or o had undergone replacement by some other 
radicle, then it is obvious that the foregoing transformations would 
alter completely the orientation of the substituent. 

Such otherwise inexplicable changes have been noticed, as for 
instance, in the progressive chlorination of acetylacetone, wlierr 
one intermediate compound is the non-enolic 3 : 3'-dichIoro- 
acetylacetone, CH 3 -C(>CCl 2 -CO*CH 3 , which by further treatiueiit 
with chlorine gives 1 : 1' : 1" : 5 : o' : 5"-hexachloroacctylacetoiio, 
CCVCO*Cri 2 ‘^' 0 ‘^'^'* 3 > product justifying its constitution 

by hydrolysing into cr.s-ti'ichloroacetone, CChpCJO'CII^, aiuMri- 
chloroacetic acid (Combes, Chu)}. Phi/s., ISl)/, [vij, 12, -o")- 

The transformation of ethyl a-broinoacetoacetatc into ethyl 
ybromoacetoacetate ob.served by Hantzsch [Bcr,, 1894, 27, 3ol), 
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3168) caji also be explained by the transitory formation of the 
cyclic caolic compound owing to cnolisation from the terminal 
methyl group. 


0H3 

/CO-O-C.Hj 


(>:('{ - >c 


/O'Cyis 

\0H 


d-Bromo-estpr. Eriol form. 

CH ^ 

o;c( ^C0'0 -c„H5 

^CHjBr 

7'Bromo-cstcr. 


Subject to the ambiguity resulting from the foregoing enolic possi- 
bilities, the chemical constitutions ascrilied to the tellurium deriv- 
atives of the {3-diketones offer a general explanation of their chemical 
behaviour and mode of formation. 


Experimental.* 

I, Inttraction of Tellurium Tetrachloride and 
Acetylacetone in Alcohol-free Chloroform. 

In certain of the earlier experiments on this interaction in 
chloroform B.P. it was noticed that in addition to tellurium acetyl- 
acetone dichloride (III) and tellurium O-cthylacotylacctone tri- 
chloride (IV) there were indications of tlie presence of a third 
substance, tdliirium himcelijlaceione (Ucldoride (II), which, however, 
was separated with dilficulty from tlie other products owincr to its 
tendency to remain as a .syrup in the final chloroform mother-liquor. 

The problem of isolating tfiis more elusive derivative has now 
been simplified ])y' the employment of oliloroform piirihed through 
the salicylide proces.s, a procedure ^^'hich eliminates alcohol and 
ethyl chloride from the solvent. 

bight grams of telhirinm tetrachloride and 6 grams of acetyl- 
acetone ill 90 c.c. of ■* salicylide ’’ chloroform were heated under 
refills for forty-five minutes, wlien tin' tetrachloride liad dissolved 
with the separation of a small amount of tellurium, Tlie orange 
wtiution was concentrated to about 40 e,c., filtered, and evaporated 
m a vacuum; the yellow syrup stirred with a small amount of 
chloroform w'as allowed to crystallise, when 2-7 grams of tellurium 
acetylacetone dichloride separated (yield 30 per cent.).. The 
filtrate was shaken wnth a few c.c. o*f water, wlien O-G gram of 
tellurium dioxide was removed ; tlie chloroform filtrate was tlien 
left to evaporate completely, wlien the semi-solid residue, .'Spread 
o'l porous tile, yielded 2*0 grams of tellurium bisaeetylacetone 

* Me wish to express our cordial thanks to .Mrs. Campbell Brown and 
^ *’otessor Collio for . valuable gift of tellurium. 
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dichloride (yield 18 per cent.). When recrystallised from benzene 
this compound separated in colourless, silvery flaltes melting and 
blackening at 115'^ (Found : C = 30*ol; H — 3'66; Cl — 17-94; 
Te = 32-61. CjqH 1404012X0 require.s C = 30-27; H - 3.55. 
Cl -- 17-88; Tc = 32-15 per cent.). 

When dissolved in chloroform and treated with aquo-alcoholic 
ferric chloride, tellurium bisacetylaeetone dicliloride gave instantly 
a blood -red coloration. It dissolved only sparingly in cold alcohol 
but decomposed in the hot solvent : it remained unchanged in boiling 
chloroform. 

Tellurium acetylacetone arising from the foregoing dichloride (Illj 
has again been examined ; it was found to melt more sharply at 
about 182“ than was formerly recorded (T., 1920, ibid., gave in. |j. 
145 — 182“). When treated with dilute hydriodic acid, telluriuin 
acetylacetone yielded tellurium, acetylacetone, and tellurinm 
acetylacetone di-iodide (the purple variety, loc. cit.). 

11. Interaction of Tellurium Tetrachloride and 
Benzoylacetone in Alcohohfree Chloroform. 

In chloroform containing alcohol, tellurium tetrachloride and 
benzoylacetone had given an 80 per cent, yield of pure tellurintu 
O-ethylacety lace tone trichloride (T., 1921, ibid,, 617). By the 
use of chloroform deprived by the salicylido process of all but the 
merest trace of alcohol it was expected that this ethyl derivative 
w'ould not be formed. This anticipation was verified. 

To 4 grams of tellurium tetrachloride in 40 c.c, of " salicylide " 
chloroform were added 4-8 grams of purified benzoylacetone (2 mols.). 
The tetrachloride dissolved rapidly in the cold to a pale yellow, 
turbid solution, which was heated under reflux for seventy-five 
minutes ; hydrogen chloride was evolved ; the dark reddish-brown 
solution wa.s filtered from traces of tellurium and the chlorofom 
evaporated under reduced pressure. The gummy product was 
extracted with light petroleum to remove unchanged benzoylacetone 
and with chloroform and water to separate tellurium dioxide, the 
product passing into the organic solvent, The semi-solid residue 
■ obtained by removing the chloroform dried to a brown, flaky ma.'S 
of tellurium, bisbenzoylacetone dicklonde (X\I) mixed with benzoil- 
acetone, the latter being extracted by light petroleum (total weight 
recovered, 1 gram), The dichloride, wBen crystallised from dry 
ethyl aceiatc, was obtained in well-defined, flattened, yellowish- 
w'hite needles melting and blackening at 148“ (Found ; C - 
H-3-61; Cl- 13-93; Tc = 24-28. C^oHiACVrc requires 
C - 46-11 ; H - 3-48 ; Cl - 13-62 ; Te = 24-49 per cent.). 
Tellurium bisbenzoylacetone dichloride was insoluble in water or 
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light petroleum ; it dissolved sparingly in cold benzene, chloroform 
or ethyi acetate, and more readily in the hot solvent or in acetone. 
With aquo-alcoholic ferric chloride it gave instantly a red coloration. 

When using the reagents in molecular proportions in order to 
facilitate if possible the production of a tellurium derivative con- 
taining the bivalent radicle CnjHgOo", this hypotlietical product 
was not obtained, but the final residues, when extracted successively 
with light petroleum and carbon tetrachloride, left a residue (0-5 per 
cent.) of O-cthylbenzoylacetone trichloride (X\") which was identi- 
fied against an analysed specimen of this compound ((1 ^ 3 = 33-73 ; 
H - 3-27. Ci 2 ni 302 Cl/re reifuircs 0 — 34*05; H 3-10 per 

cent.). 

III. Action of Tellurium Tetrachloride on 
’i- Alkijlacetijlaccionef^. 

Telhrium 'i^-Methflacetiflaceione- Dichloride (VI). - Tellurium 
tetrachloride (8*9 grams) in 100 c.c. of chloroform B.P., when 
treated with 7-5 grams (2 mols.) of redistilled ('-methylacelyl- 
acetone in 25 c.c. of the same solvent, s])eedily di.s.solved to a dark 
reddish-brown solution, ivhieh v as then heated under reflux for one 
hour, hydrogen chloride being evolved. Tellurium {{‘methjlaceiyl- 
mkme dicMoridc, which separated, mixed with 0-2 gram of free 
tellurium, was extracted with cold acetone, recovered in cr^^stalline 
form by evaporation, and added to tlie main chloroform solution, 
when crystallisation set in and continued for several days, the 
solution being left in a vacuum desiccator. Tlie total yield of 
dichloride obtained in two crops was f3-8 grams (07 2 :)er cent.) ; no 
other tellurium derivative was noticed and a considerable amount 
of unchanged C-methylacetylacetoiie was detected. Tellurium 
3-raethylacctylacetonc rli chloride separated from acetone in stout, 
hexagonal noodles or prisms having obliquely truncated ends. It 
was colourless when highly purified but generally of a brownish - 
grey tifit owing to traces of tellurium. It was only sparingly soluble 
ill water or in organic solvents other tluiii acetone. At 180" it 
became discoloured and changed to a black mass at 190b In this 
absence of definite melting point it re.scmblcd its C-cthyl homologue 
and differed from tellurium acetylacetone dichloride and tellurium 
chloroacetylacetonc dichloride (Found : C -- 23-19: H = 3-02; 
Cl = 23-30 ; Te - 40-67. (VlgO.CkTe requires C = 23-20 ; 
H = 2-CK); Cl — 22-84; To = 41-06 per cent.}. 

Tdluriuni S-Methylacetylaccione (XIX), — To 4-3 grams of finely 
ground tellurium 3-nietlndacctyIacetone dichloride mechanically 
s^red in 20 c.c. of ice cold water were added slowly 6-1 grams 
4 mols. KllS-. ty) of powdered potassium metabisulphite ; sulphur 



932 


MORGAN A\D DREW : RESEARCHER ON 


dioxide was evolved and after thirty minutes the yellow product 
containing only a trace of free tellurium was removed and crystallhcij 
successively from Imt water and benzene : yield 2*5 grams or 76 pfj. 
cent, of tlicory. 

Tellurium i-i-mcthylacefylacelone crystallised in small, hexagonal 
pale goldemyellow plates ofieti acicTilar in liabit. It dissolved 
sparingly in hot water, more readily in boiling benzene or cold 
chloroform. It darkened from 155“ and decomposed sharplv at 
170° with separation of tellurium ; it "was more stable on heatiiiff 
than tellurium acet 3 dacetonc (T., 1920, 117, 1404) and sublimed at 
140° in a vacuum to small, compact, yello\v prisms. It was noii- 
enohe towards ferric and cupric salts and it possessed little residual 
acidity, being comparatively insoluble in cold 5 sodium hydroxide 
whereas tellurium aoetylacetono {loc. dt.) dissolved at once; the 
yeilo^v solutions of these two tellurium derivatives ^vere unstable 
rapidly depositi ng the met alloid . The monomeric nature of telluriiuu 
3-methylaeetylacetone vris demonstrated by molecular wriidit 
determination in boiling benzene [k ^ 25-7, c — I -001). M ~ :14,5 
(Found: 0- 29-89; H-3-57; Te = 52-92. CgHgO/re reqiiiR< 

0 = 30-00 ; H = 3-30 ; Te = 53-22 per cent. ; .1/ = 239-5). Thn 
compound eontainetl tellurium in the bivalent condition and 
combined additively with bromine or iodine in cold 2 per cent, 
chloroform solution. 

Tellurium ^'melhjlaalulacefonc dihromidr, (C 5 H^O^-CH 3 )iTeBr,, 
u'heii obtained in quantitative yield by the direct union of its 
generators in molecular ]iro portions, was precipitated in pale yellow 
crystals and separated from alcohol in yellowish- white pH.snis 
melting with decomposition and ^'io]ent intumescence at 152 — loT 
(Found; Hr - 39-61. CQHjjOgHr/re requires Br - 40*02 per 
cent.). 

Tcdlurium ^-melhjlacetjjJacetone di-iodide, (C 5 H 502 'CK 3 )!Tel 2 , ft 
crimson, cr^^stalline powder, sintering sharply at 134° to a black 
core? which intumeseod at 175 — 176°; recrystaliised from alcohol 
or ethyl acetate, it formed reddish-purple crystals sintering and 
intuinescing at appreciably temperatures, these changes 

occurring at 131 — 134° and at 169 — 171° respectively (Found: 

1 = 51*03, CytlyO^L/re requires I “ 5T44 per cent.). 

TeMuriuifi S-Elhylaad.ylaaioiie Dkhloride (VII). — To 9*0 grain? 

of tellurium tetrachloride iu 100 c.c. of chloroform B.P. were added 
8*5 grams {2 niols.) of redistilled C*ethylacctylacctonc. The tetra- 
chloride dis-solved in the cold to a dark orange-yellow solution, 
which was them heated under renux for forty-five minutes, hydrogen 
chloride being evolved. Tellurium 'S'efhjlaceiyleicetone dkhlondCi 
which then separated, was contaminated with free tellurium and 
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an oily by-product ; it was extracted with cold acetone and recovered 
in a crystalline form (2 grams). The main chloroform filtrate on 
spontaneous evaporation furnished 6' 6 grams of glistening crystals 
of the dichloride {total yield 80 per cent.). This product was 
homogeneous, no other tellurium derivative being detected. Tel- 
lurium 3-ethylacetylacetone dichloride resembled its lower homo- 
logues in solubility, dissolving readily in acetone, more sparingly 
in other organic media such a.s chloroform or the alcohols. Colour- 
less when pure, it generally had a brown tinge and separated from 
acetone or hot methyl alcohol in highly lustrous, hexagonal prisms 
having no definite melting point but blackening at 185— 190T 
It gave no coloration with aquo- alcoholic ferric chloride and was 
decomposed by prolonged heating with alcohol (Found ; 0 ~ 25'75 ; 
It 3*20; Cl ~ 21 OS; To ^ 39‘68. C.jHjq02C}2['c requires 
C ^ 25*90 ; H = 3*11 ; Cl ~ 21*85 ; Te 30*20 per cent.). When 
iiilialed in the form of dust, this dichloride has an extremely irri- 
tating action on the mucous membrane of the nostrils. 

Tellurium 3-ethylacctyl acetone dichloride dissolved to a yellow 
solution in chloroform B.P. saturated with hydrogen chloride, 
but underwent no further change even on adding ethyl chloride. 
Oa evaporating off the solvent the dichlorido was recovered. Even 
after prolonged boiling there wa,s no sign of esterification but only 
a partial decomposition as follow, s : 

(G5H,02-C2H5):TeCl2 + 2HC1 - TeCl, |- C.H.O.-C^H^, 

Tclhrium ?>^Ethjlacehjhcitom (XX).— Tellurium 3-ethylacetyi- 
acetone dichloridc (3*3 gram.s) stirred into 85 c.c. of water at 0^ 
uas reduced by the gradual addition of 4*5 grams of potassium 
inetabisuli)hite (4 mols. KHSO^}. Tliere was but little liberation 
of tellurium and after thirty minutes the yellow* product was 
crystallised from boiling water, when 2*3 grams (88 per cent.) of 
purified tdlxmum Z-dhiflacdxjhKciom were ol)taincd [Found: M 
in boiling toluene {k 33*8. e = 2*450) 200. C ^ 32*91 ; 

H 4*07 ; Tc = o0’59. CTHioO,,Te requires C -= 33*14 ; H - 3*98 ; 
Te = 50*27 per cent, ; M ^ 253*5]. 

ielhiriuui 3-ethylacetylacGtone separated from hot water or 
alcohol in odourless, yellow needles or more compact prisms and 
from benzene in lustroirs, primrose-yellow, hexagonal leaflet, s. 
It dissolved readily in cold chloroform and, like its lower methyl 
homologue, was much more soluble in benzene than is tellurium 
acetylacetone. Its aqueous solution "was neutral and showed no 
almost devoid of residual acidity, thus 
flittering from tellurium acetylacetone or tellurium 3-ehloroacetyI- 
acetone, in its sparing solubility in cold oX-sodium hydroxide 
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or in aqueous sodium carbonate. It blackened in contact "viith (he 
former alkali, although showing great stability towards moist or 
dry heat . Unlike tellurium acetylacetone, it withstood prolonged 
boiling with water and in a vacuum it sublimed slowly but com. 
pletely at 130° in long needles which became transformed as the 
temperature rose to 140° into small, yellow, prismatic crystab 
molting at 142° to a transparent, yellow liquid from which hjac); 
tellurium separated on heating at 160°. 

The crystals were kindly examined by Mr. T. V. Barker, who 
reports as follows. Although exceedingly small (the greatest diuien- 

sion being 0'4 mm.), measurc- 
ment on the two-circle gonio- 
meter presented no dillicultv. 
The system was first thought 
to be tetragonal, but a sulj. 
.sequent optical examination 
showed that, however telra- 
gonal geometrically, the crys- 
tals really repre-sent an ortho- 
rhombic combination of ^JOll;, 
/■•!101|, and wJUGJ, as shown 
in Fig, I. The axial ration, 
a : 6 : c - 1 : 1 : 0‘7221, follow 
n results of 



Tellurium ('-ethylaeetylacetoiie 
dichloride. 


from the annexed values, reju’cscnting the n 
measurement of tw'o crystals : 

//fillO). 9(011). r(l()l). 

Azimuth [(p) 15° (K 0° 0' S)0' (K 

Polar Distance (p) 00 0 *35 50 *35 50 


Fedorov complex-symbol, 4o (45^ 36') i 0. Optically the crystah 
are biaxial ; the acute bisectrix is negative. 

Tellurium ^-Ethylacetyhcetone Dihaloid.<i,- -The dichloride wa^ 
regenerated in almost colourIes.s cry.stahs from the preceding com- 
j>ound on passing dry chlorine into its chloroform solution. 

Tellurium . d'etkylacelylacelojie (hhromide, ((/-,Il 502 *C. 2 H 5 ).TeBiv 
obtained quantitatively on mixing chloroform solutions of telluriutw 
3-ethylacetyIacetone and bromine at 0°, separated from methyl 
or ethyl alcohol in lustrous, very pale yellow crystals, iion-enolic 
totvards ferric chloride. Various preparations intiimesced with 
liberation of tellurium o\'er a temperature range of 161- d 70 
(Found : Br = 38-54. C7Hjo02Br2Te requires Br = 38-66 per cent.). 

Tellurium 'i-elhjlacetylaceione di-iodide, (C 5 H. 502 *F- 2 H 5 ).reb) 
separated quant itati\’ely in reddish -orange cry,stals from its genera- 
tors in chloroform solution and crystallised from ethyl alcohol m 
light scarlet crystals. In powdered form and in alcoholic solutions 
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its colour was orange ; it gave no coloration with aquo-alcoholic 
ferric chloride. It sintered and blackened at 149^ and decomposed 
with intumescence at 176° (Found; I — oO-Ol. C7H^QOJ.^Te 
requires I = 50*02 per cent.). 

l\. Action of Tellurium T eArachlor ide on 
Ckloroacetylacetone. 

The ehloroacetylacetono omployed in the following experiments 
was the product arising from the action of selenium tet rachloride 
on acetylacetone. It was purified through its green copper salt 
and fractionated until of constant boiling point, being then a colour- 
less intensely lachrymatory oil boiling at 149 — 150'/750 mm. 
and giving an intensely red coloration with ferric chloride. 

To 11 grams of tellurium tetrachloride .suspended in 60 e.e. of 
chloroform B.P. (not dried) were added 11 grams (2 mols.) of 
ehloroacetylacetono ; a portion of the tetrachloride dissolved 
forthwith and the remainder di.sappeareLl on v arming. When 
heated under reflux for one and three-quarter hours, the yellow 
solution evolved hydrogen chloride rapidly at first and then more 
slowly while the colour changed to dark brown. 7 cry little tel- 
lurium ^^■a.s eliminated and the filtered liquid was evaporated to 
complete dryiie.ss in a vacuum ; there was no separation of crystals at 
any stage, the gummy residue was dissolved in chloroform and 
eveaporated under reduced pressure to a syrupy consistence to remove 
unchanged chloroaeetylacetonc. The syrup, left over solid sodium 
hydroxide, partly solidified. The mixture was stirred with cold 
chloroform, thus yielding a solid residue a (by-product) and a chloro- 
form extract b (containing main product). 

Tellurium Chloroaceiylacetom Dichlorkh (X). — Residue a of the 
foregoing condensation was extracted with cold acetone, filtered 
from tellurium dioxide and elemental tellurium, and the filtrate 
left to evaporate, when brown i.sh-uliite crystals of the dichloride 
were obtained (0‘6 gram or 5 per cent.). It resembled its analogues 
from acetylacetone and the 3-alkyIacctylacctoncs in being very 
f^])aringly soluble in chloroform and otlier volatile organic solvents 
with the exception of acetone. When puritied, it separated in 
colourless crystals, usually, however, having a brown tinge; it 
melted and decomposed with intumescence at 161 — 162° (Found : 
Te — 39'0o. CjHjOgCl^Te requires Te = 38-52 per cent.). Its 
constitution was determined by reduction to the following compound. 

Tellurium Chloroaceli/laeetone (XXL), — One gram of powdered 
tellurium cliloroacetylacctone dichloride was stirred continuously 
m 20 c.c. of ice cold water and reduced by the gradual addition 
^13 grams of pc. dered potassium mctu bisulphite (4 mols. KHSO3). 
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After thirty minutes the yellow product was extracted mth boilino 
water, the solution filtered from tellurium and allowed to crystailis' 
when pale golden -yellow needles of ielhtrium chlor(xicetylaci:t(,,if 
were obtained (0'4 gram or 51 per cent.) ; this compound a].<o 
separated from liot benzene in voluminous masses of light vello\r 
needles; it blackened and decomposed sharply at 153 — 154 - 
Telluriuin ehloroaeetylacetone is the least soluble member of this 
series of tellurium compounds either in water or in organic media 

The acj neons solution of tellurium ehloroaeetylacetone 
distinctly acidic to litmus but non-enolic towards ferric chloride 
It dissolved in aqueous sodium carbonate to a yellow solution 
stable in the cold but blackening on boiling ; it was less soluble in 
aqueous sodium bicarbonate, but dissolved immediately in cold 
S.Y-sodium hydroxide, the cold solution being unstable and liberating 
tellurium. The.se properties show that tellurium chloroaoetv]. 
acetone has residual acidity, thus resembling tellurium acetylacctone. 
the two compounds differing markedly in this respect from thf 
tellurium 3-alkylacetylacetones (l^und : Cl = 13' 65. C^H 502 ClTf 
re i| u i res C 1 = 1 3 • 64 pe r c e nt . ) . 

Telhi riu ni R IscMo roacdylacetonc D icMo ride (IX). — T fie chloroform 
extract b from I lie condensation of cliloroacelylacetone and telluriiiin 
tetrachloride evaporated to a dark glue which did not solidify com- 
pletely on treatment A\'i(h various organic .solvents. Aecordinglv 
tlie semi -solid mass was spread on porous tile, when the oily portion 
drained away, lea\'ing pale brown crystals (3'0 grams, yield 16 per 
cent.) of ieJlurinm biscJdoroacelylacctone dichloride, which \va> 
recrystallised from ligroin (b. p. 80 — 100°) or from a mixture of 
carbon tetraeliloride and light petroleum (b, p. 40—00°) and tlms 
obtained in transparent, colourless, feathery, porismatic needles 
melting witli blackening and decomposition at 131 — 13i^° (Found: 
C-25'85; H - 2-00 Cl - 30m0 ; To - 27-59. OipHi.OjClJe 
requires C = 25'79 ; H ~ 2-GO ; C'l = 30-47 ; To = 27*39 pier cent. I 

Tellurium bischloroacetylaeetone dichloride, which was readily 
soluble in hot benzene or cold chloroform, dissolved more sparindy 
in ether; it was markedly enolic, giving forthwith a very inteiK 
red coloration with ferric chloride in aquo-alcoholic chloroform. 
When it was cautiously reduced with cold aqueous j)otas<iuni 
hydrogen sulphite and the unstable yellow^ insoluble p)roduct warmed 

with water, black teHuidum aiid ehloroaeetylacetone Mere pirnduccd. 

Kven without reducing agent the compound underwent dceoniposi- 
tion in boiling water, giving tellurium and ehloroaeetylacetone. 
With cold aqueous sodium hydroxide, hydrolysis occurred smootldy, 
leading to sodium tellurite an<l sodium ehloroaeetylacetone, Ihf 
latter being identified as its green copper salt. 
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The oily portion of chloroform extract b did not yield any other 
definil^ product, so that the total yield of tellurium derivatives from 
a and 6 accounted for only about 21 per cent, of the calculated 
amount and no improvement was obtained by using chloroform B.P. 
freed from alcohol by washing with water and subsequently dried 
over calcium chloride. This result excludes to a large extent the 
possibility of esterification of tellurium cliloroacetylacctoncdichloridc 
to an analogue of telluriurM O-ethylacetylacctone trichloride. The 
dahlia-like odour of O-ethylaccdylacetoiie noticeable on treating 
the residual .S 3 n'iips w ith cold aqueous sodium hydroxide was probably 
due to a trace of acetylacotone in the chloroacetylacotonc. 

V. Aclion of Tellurium Telrachloride ou Pivahjl- 
acetone {Aceti/lpinacolin), 

Methyl f erf. -butyl ketone {pi na col in), prepared l)y di.stilling 
100 grams of jhiiacone with 1 litre of water and 80 c.c. of concen- 
trated sulphuric acid, was salted out and dried with potassium 
carbonate and rectified by distilling at 104— lOS'b Tdval^dacetonc 
(arotylpinacolin), described by Couturier [Compt. rend., 1910, 150, 
9^8), was prepared both by the dry sodium ethoxide and sodium 
processes, giving yields respectively of 12 and 2o per cent., so that 
the latter 'was adopted. 

To 7’8 grams of sodium wire in 130 c.c. of dried ethyl acetate 
cooled ill ice were added 34 grams of pinacolin. The sodium had 
disappeared within twelve liours but without deposition of sodium 
salt. Oil warming on the watcr-hath, the mixture became solid 
and after foity-fivc minutc.s the cooled mixture was treated with 
ice water. Tlie ethyl acetate layer .separated and was washed with 
water, the aqiicou.s layer, s and washings, after partial neutralisation 
with acetic acid, being treated \Yith cupric acetate, when the violet- 
blue copper salt was precipitated. This copper derivative siiitored 
at 188'’ and melted at lOO'^ to an intensely blue liquid which resolidi- 
fied on cooling to a inaSvS of crystals; it dissolved readily in cold 
organic solvents including absolute ether and sublimed in small, 
hluo prisms completely witliout dccomimsition on heating in a 
vacuum. When heated at high temperatures in a test-tube, it 
gave a bright copp(U’ mirror, trivalylacetone (acetylpinacolin), 
made by decomjmsing the co])per salt with dilute sul],)}inric aciil in 
presence of ether and ])urilied by repeated fractionation, was 
obtained as a colon rle.ss, fragrant oii boiling at 170— IVl’.Tdo mm. 
(Couturier, he. cit., gives b, ],). 108"). 

Tellurium O-Eihylpivuhjlacetone Trichloride {Tellurium 0-KlhijT 
^icctijlpimcoliu Trichloride).— 'Ho 3'2 grams of tellurium tdi’achloride 
suspended in 3c c.c. of chloroform B.P. (undiied) were added 3 '4 
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grams of acetylpinacolin. The tetrachloride dissolved rapidly 
to a yellow solution, which was heated under reflux for one hour 
on the water- bath, rapid evolution of hydrogen chloride occurred 
and the orange-yellow solution was decanted from a trace of dark 
oil and evaporated in a desiccator. Unchanged acetylpinacolin 
volatilised and was detected by its odour ; the golden-yellow oil 
solidified to a mass of pale yellow crystals, which were dried on 
porous tile (yield 3'8 grams). The product was completely suluijiy 
in cold chloroform and hence contained no analogue of teliurium 
acetylacetone dichloride. It consisted mainly of tellurium O-ethijl 
pivalylaceioue trichloride (XII), which in the impure conditina 
gave a red coloration with ferric chloride, due to a soluble cnoik. 
by -prod net, probably tellurium bispivalylacetone diehloridc. but 
in this condensation with chloroform B.P. the amount was too .small 
for detailed study. 

After repeated crystallisation from ligroin or preferably froiu 
equal volumes of carbon tetrachloride and light petroleum (h.p, 
40—00°) the trichloride was obtained in transparent, yellowish- 
white, prismatic needles sintering at 114° and melting at llfj- 
to a liquid which rapidly blackened (Found : C = 29'52 ; H — I iM; 
CI=^GT1; Te — 31*83. OjoHiyOgCigTc requires (J — 29/S: 
H ~ 4*25; Cl = 26*39; Te — 3T63 per cent.). 

Tellurium 0-cthyIpivalylacetone trichloride became distiiirtlv 
yellow after dissolving in carbon tetrachloride and precipitatinp 
by light petroleum ; it was very readily soluble in all organic media 
except in light petroleum. When pure, it was non-enoJic towards 
ferric chloride, in this respect resembling its acetylacetone mid 
bcnzoylacetone analogues. Cold aqueous sodium hydroxide or 
carbonate removed tellurium, leaving 0 methyl pivalijlacetone {O-dhjl 
acetyipiriaroliri)^ a eolourlcss oil with a powerful odour of caraway 
and pine cones. 

Tellurium Bhpivalt/lacelone Bichloride [Tellurium BmuUjl 
pinacolin Bichloride, XIII). — To 3*9 grams of tellurium tetra- 
chloride suspended in 25 c.c. of pure alcohol Tree chloroform were 
added 3 '8 grams of acetylpinacolin, when the tetrachloride dissolved 
partly in the cold to a yellow solution containing a floeeiilrnl 
precipitate which disappeared on boiling under reflux. Hydrogen 
chloride was evolved and the orange-yellow liquid w*as darkened 
by the separation of black tellurium. After 2h hours the liltcred 
solution was concentrated under reduced pressure to a synqi wliicb 
crystallised in part, the liquid portion containing unchanged re- 
agents. The homogeneous crystals (1*6 grams), drained froin the 
viscid syrup oji jjorous tile and recrystalliscd from a mixture of 
carbon tetrachloride and light petroleum, separated in colourless, 
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1 ‘ 'toning flakes melting with decomposition at 133° (Found : 

0 1 39'51 ; H = 5*51 ; Cl - 15‘13 ; Te - 27*02. CigH.gO^CVre 
requires C -= 30-96; H = 5*45; Cl = 14-75; Te = 26*52 per cent.). 

fellurivM bispivalyhcetone dichloride {XI 11) was readily soluble 
ill cold chloroform or ethyl acetate, dissolving less readily in carbon 
tetrachloride, and insoluble in light petroleum. It reacted at once 
with copper acetate and gave an immediate red coloration with 
ferric chloride. The dichloride depressed considerably the melting 
point of tellurium 0-ethylpivalylacetone trichloride and differed 
from the latter in giving rise to no fragrant 0- ether on treatment 
^vith cold 5X-sodium hydroxide, 

VL Aciio7i of Telluriu?n Tetrachloride on 
Dibe nzoylmetha ne. 

To 3 grams of tellurium tetrachloride suspended in 35 e.c. of 
alcohol -free chloroform were added 5 grams (2 mols.) of diberizoyl- 
luethane. The latter reagent and part of the tetrachloride dissolved 
ill the cold, a bright yellow pow'der being then precipitated. The 
mixture was subsequently heated under reflux for two hours, 
moisture being excluded; the yellow powder and the remaining 
tetrachloride soon dissolved, hydrogen chloride being evolved. A 
mass of bright yellow* crystals separated during boiling and the 
vcllow solution gave a further crop on concentration under reduced 
pressure. The final mother-liquor, evaporated to drynes.s, yielded 
2 grams of unchanged dibenzoylmethane. Hence only one mole- 
cular proportion of diketone was used in forming the golden-yellow 
cry.stals. This product was very unstable and on a short exposure 
to the air it changed to a colourless mixture of tellurium oxychloride 
and dibenzoylraethano. This h 5 'drolysis w'as also produced by 
moist organic solvents and especially cold acetone. Analysis of 
the unaltered crystals showed that these consisted of telUirium 
(Jibcnzoylmefhayie trichloride (Found : Cl 23-24 ; Te — 27-34. 
CijH^iOgClaTe requires Cl 23-28 ; Te = 27-90 per cent.). This 
trichloride was insoluble in dry ether, sparingly so in cold chloroform, 
and dissolved more readily in hot dry benzene. 

[With E. A. Cooper.] 

Bactericidal Actioyi of Tellurium Acetylacetone 
a 71 d its Hoynologu c s , 

T)r. E. A. Cooper has kindl}^ examined the action on bacillus coU 
of the four water-soluble compounds having the foregoing general 
formula X\MII (page 927) and his results .show that the effect of 
these tellurium derivatives is much greater than that of the parent 
S-diketones, whieli have been previously shown to be only feebly 
bactericidal (Jlorgan and Cooper, Bioehefyi. J., 1921, 15, 587). 
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Preliminary experiments indicated that the tellurium derivatives 
had very higli carbolic coefficients, thus behaving as powerful 


germicides. 

I'cUurium dcrii'ativc. CarhoUc coeficicyd^ 

Tdluriam acetylacctonfi C80 

Tollnrium C{3)-methyIaccitylac'etone 250 

Tdluriiun C’(3)-ethylacetylacfitonc 250 

Tellurium propionylacetoiio* 2430 

Tellurium 3-chloroacctylaoetone 24 


* Tliis compmmcl \vill be described in a suhsecpien I communicat ion. 

On siibcultiiring the broth tubes with fresh broth and on sul). 
sequent iiiculyation it was found, however, that fresh growilis 
occurred, thus showing that the bacilli had not really been destroyed 
but had only had their growth inhibited. To this extent the fore, 
going carbolic coefficients are fallacious, the results of suhoulturc 
indicating that tliese tellurium derivatives are not true genulvidri 
but merely powerful growth inliibitors. The carbolic cocfficieuts 
may nevertheless be taken as approximate measures of inhibitoiT 
])Ower, and it is seen that this action diminishes as suhstitiitioii 
proceeds in the 3-methylcnc group. The inhibitory power is mucli 
more dcprcssocl by the substitution of clilorine than by that of 
an alkyl group. This decrease is [irobably due to a diininution in 
solubility, tellurium 3-chloroacctylacetcnc being the least soluble 
member of the foregoing series. 

Tellurium propionylacetone and tellurium 3-mcthyIacetylaeetonc 
are isomeric derivatives, but the former, which contains the sub- 
stituted methyl grou}) attached to a terminal carbon atom, exhibit 
a far more powerful inhibitory action than tellurium acetylacetone 
itself. This propionyl derivative has, moreover, a further advantage 
in being much more freely soluble than the other tellurium compound? 
examined. It is estimated from the foregoing carbolic eoeffioiviit 
determinations that the .soluble propionyl compound exert.s a definite 
inhibitory effect in as low a concentration as 1 in 5,000,000. The 
po.ssibilities of the therapeutic apjdicatioii of this compound should 
accordingh', be thoroughly explored. It is obvious in the ca.se of 
substances used internally that inhibitory power is quite as useful 
a.s germicidal efficacy, since iji consequence of inliibition the number 
of micro-organisms remains relatively small, thusenabling the natuia! 
protective nieehanUm of the animal organism to become effective. 

The authors de.sire to express their thanks to the Advisory Counol 
for Scientific and Indu.strial Kesearch for grants which have partly 
defrayed the expen.ses of this investigation. 

ChEMIC a T i DeI’A st.menx, 

UXIVERSITV or Bir.minouam, Ejjciiaston, 

IRcccu-cd, April i>lh, 
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CXll.—Properiks of Mixtures of Ethyl Ether, 
Sulphuric Acid, and Water. 

By James Robert Pouxd. 

[Some years ago, at the suggestion of Professor Masson, the author 
(leternuned certain properties of mixtures of sulphuric acid and 
pthyl ether, and the similarity was pointed out between these 
binary mixtures and tliose of sul]duinc acid and u’ater (T., 1911, 
99 098). This paper deals with certain properties of ternary 
mixtures of those substances and with the conclu.sions drawn 
therefrom, which are based on the commonly accepted theories 
of association and dissociation of liquid mixtures. 

The densities, viscosities, and electrical conductivities at 30° 
of mixtures of ether and each of four sulphuric acid- water solutions 
liave been measured, and the results correlated ^nth those found 
for mixtures of ether and pure sulphuric acid at 30° {loc. dt.) and 
with those recorded by other observers for mixtures of sulphuric 
arid and water at the same temperature. The four aqueous 
sulphuric acids were made up from commercial acid of good quality, 
and the ternary mixtures from an aqueous acid and ether which 
iiad been specially purified and dried. The thermometer in the 
thermoslai was standardised against a platinum resistance ther- 
mometer. The measurements were made with the usual pre- 
cautions, and the results are given in the accompanying tables, 
the figures tnerein being all significant. The measurements are 
expressed in C.G.S. units; the contraction, c, is that which occurs 
on mixing x e.c. of ether, y c.c. of sulphuric acid, and (100— a*— y) 
e.c. of water, and therefore (100 — c) c.c. of mixture w ill be obtained. 
Since the three substances arc not miscible in all proportions, there 
is a range of unattainable homogcneQU,s mixtures. 

The den,sities of the sulphuric acid-watcr mixtures were 
taken from the mean values recorded in the Laiidolt-Bornstein 
Tabellen (190b); the specific conductivities at 30" were calculated 
from Kohlrausch's results at 18°, the temperature coefficients 
tliere given for the range 18 — 20° being applied up to the tem- 
perature 30°; and the viscosities at 30° were calculated from 
Bim.stan and Wilson’s results at 2,V' (T., 1007, 91, 83 ; t hem. Xeics, 
19U, 109, 209), using the mean value, 0’S04, of V 3 o'A/i> 5 - 

In this paper are considered the following six sets of mixtures 
of ether and (1) 100, (2) OS'25, (3n) 0b*2b, (36) 95'0, (4) 84'10, 
(5) 49’77 per cent, (by weight) sulphuric acid, and of (6) water 
s^d 100 per cent, sulphuric acid. The data are tabulated at the 
ond of the paper. 





ETHYL ETHER, SULPHTTRIC ACID, AND WATER. 


943 


111 tlie figures showing the viscosity (Fig. 1) and the conductivity 
results (Fig. 2), the six curves follow the experiments closely; 
the abscissae represent tho molecular percentage of sulphuric acid 
in the mixtures, but in the curves (2) to (5) tho ratio Et-^/HgO 
(by weight or by molecules) is increasing from 0 at the acid end 
(oil curve 6) to oo at the ether end (on curve I), although in each 
of mixtures the ratio H2S04/H^0 is constant. In Fig. 3 the 
contractions have been set to triangular co-ordinates; here the 
jjcrpendicular distance from one side denotes the molecular per- 
ceiitatm of one component, and the lines mark out mixtures of 

cnual contractions, 

^ Fiq. 3. 



Contraction occurring on fnixing ethyl dher, sulphuric acid, and water. 

The changes in density and in viscosity that occur with the 
formatior. of these ternary mixtures are consistent with (1) dis- 
sociation of the complex molecules, at the least (112804)2, which 
are present in pure sulphuric acid, and (2) the formation of 
various dissociable complexes such as 1I2S04.H.,0, H2S04,Et.>0, 
H2S04,2Et20, H2S04,2H20, aud H2S04,H20,Et20.“ The first three 
complexes have been isolated ; by freezing-point and heat of mixing 
data other observers have substantiated the existence in solution 
of the first four complexes; and now the present data indicate 
with certainty the existence in solution of the ternary complex, 
tile mixtures containing tiie three coiujjonents in approximately 
cquimolecular proportions arc those having the greatest viscosity 
and are also thos ■ formed with the greatest contraction on mixing. 
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POUND : PROPERTIES OF MIXTURES OF 


Thfi interpretation of the conductivity-coinpositioTi 
must await further knowledge of the conductivity of concentrate, i 
solutions in general There are, as the conductivities show 
striking differences between ethereal and aqueous solutions oi 
sulphuric acid, and no simple relation exists between the ctin. 
ductivities of these mixtures and the composition of the coinple^if, 
the presence of which has been indicated by other methods of 


investigation. 


Table I. 


Alixtiires of Ether and 98-25(wt.)% at 80^ 



Coiitiac- Vis- Conduc- 


Contrac- 

^ is- (’on ill!,, 



tion cosity. tis'ity. tltber. 


tion cosity. uviu 

wt. ‘fo- 

df. 

(c*.c*.).i]Xl03. /fXlO^. Wt. 



lo^ K y 

lUO 

0-7021 

0 2-134 0-000 

30-300 

1*34478 

9*39 

l'8-l 

78-()0r) 

0-85227 

5-33 5-070 0*370 

22-033 

1-45422 

8*10 

159-3 5(1- 1" 


1*0298-1 

9-02 29-02 1*953 

13-884 

1-5743 5 

0-22 

140-5 s2-:: 


1*078.57 

9-54 50-70 2-070 

8-93 75 

1-05737 

4*93 

140-7 l(Hi: 

48-()r)() 

M3S97 

9- S3 93-2 4*01 

5*383 

1-72127 

3*07 

14.8-2 lini.j 

4l-S,Uj 

1*20732 

9*93 144-4 9*24 

1*885 





— ItO'ii 


1*28714 

9*78 170-5 — 

0 

1-82031 

1*72 

1 < O' S lii4 'll 

Mixtures of Ether and 9d‘25(wt.) 

% H 2 SO 4 at i^ 0 °. 


U)(l 

0*7021 

0 2*134 

35*9 LL 

1-20(139 

10-00 

UU-5 

Ttl-UTO 

0*84071 

5*20 5-95 

31*801 

1-31474 

9*73 

2(J(t-l 

1 Tt) 

0- 99339 

9*44 23*01 

20-900 

1-37045 

9-28 

195-0 

.‘It'.’jTS 

1*00085 

■ — ■ 53 -05 

17-010 

1*51579 

7-84 

109*1 

4(>-.)39 

M 48.75 

10*00 120*1 

9-002 

1*04790 

0*22 

150*2 

42'3jl 

M9303 

10*10 159*7 

4-988 

1-72182 

5*27 

157-0 

4()'()74 

1*21850 

10-07 173*3 

0 

1-82385 

3-87 

107-7 

Mixtures of Ether and 84‘l()(wt.) 

% H^SOj at 30“. 


100 

0-7021 

0 2-134 0-00 

34*918 

1*23000 

10*32 

292-4 IMC 

.7<><)SS 

1-0041 

9-0(1 02-0 3-07 

28*580 

1*30505 

10-00 

207-S 2"-4T 

orvtLis 

1 -03905 

9*75 — 

18*753 

1*43020 

9-42 

214-8 4H-('.; 

.>0‘(i3:{ 

1-08503 

- 129-1 5-255 

lU-040 

1-50499 

9-04 

188-0 

40-083 

1-09258 

10-37 

1-417 

1-00732 

8*73 

181*5 ]ll-4 

4.7-501 

1-13310 

10-58 2(,i5-l 0*000 

1-750 





— 1 2(1-5 

40*102 

1-18388 

10-40 273-9 7-93 

0 

1-7.5940 

8-5(1 

179-8 142-3 

Mixturc.s of Etlier and 49'77(wi.) 

% H 2 SO 4 at 3(J=. 


K.iO 

0*7021 

0 2-134 O-OOO 

10-428 

1-28014 

8*02 

40-00 

17 -.5 89 

1*2200 

8-5.3 40-1(7) 141( 'r) 

4-415 

1*34002 

7-52 

34 -.75 5w-'j 

14-057 

1*2.7373 

8-82 44*58 317*0 

2*257 

1 *301 80 

7*28 

32-20 ‘iHiMi 

11 -300 

1*27758 

8-UO 41*77 307-1 

0 

1-38432 

7*07 

30-15 


Table II. 


Spceitic Conductivity («) of Mixtures of Ether and 9 .)‘0(wt.)", 
at 30^; x ” denotes the wt, percentage of ether. 


X. 


.t'. 

K, 


K. 


(i. 

100 

0*00000 1 

(13-44 

o-oo23(:; 

37*80 

0-01311 

15-53 

0*(i(.il'94 

80*77 

0*00000 

55-50 

0*00,340 

30*485 

0-01485 

13*09 

(.t'0.>(j4T 

7(3*35 

O-O01O3 

52-28 

0*00393 

30*235 

0-0 1520 

(J*(ll 

U-1I22 

74*99 

0-00121 

48-14 

0-0U480 

31*90 

0-02228 

0*17 

0*1143 

71*90 

0-00152 

44*39 

0-000854 

24*10 

0-03900 

0 

0-1374 

03*08 

0*00241 

4U935 

0*008724 

20*70 

0-04992 
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Table III, 


Mixtures of Water and Sulphuric Acid at 30°. 


iVater. 


Contrac- 

Condric- 

^Vatcr. 


Contrac- 

Condue- 

ivt. %• 


tion (c.c.). 

tivitv {«:). 

Wt, 0^. 

rff. 

tion (c.c.) 

. tivity {k). 

lOO 

09957 

0-000 

o-dooo 

25 

1-6597 

9-130 

0-2053 

95 

1-0281 

0-905 

0-2388 

20 

1-7170 

9-040 

0-1568 

!I0 

1-0017 

1-766 

0-4520 

15 

1-7678 

8-400 

0-1410 

85 

1-00G8 

2-600 

0-C320 

12 

1-7915 

7-570 


SO 

M335 

3-404 

0-7660 

10 

1-8038 

6-795 

0-1488 

75 

1-1718 

4-175 

0-8500 

8 

1-81 3f> 

5-858 

0-bi02 

70 

1-2115 

4-822 

0-8825 

6 

1-8210 

4-760 


65 

1-2527 

5-535 

0-8720 

5 

1-8236 

4-172 

0-1309 

60 

1-2953 

6-116 

0-8260 

4 

1-8255 

3-473 

— 

55 

1-3400 

6-664 

0-7545 

3 

1-8264 

2-740 

0-1074 

50 

1-3872 

7-202 

0-6660 

2 

1-8201 

1-932 


45 

1-4372 

7-728 

0-5680 

1-58 

, — 

— 

0-0784 

40 

1-4898 

8-216 

n-4680 

1-00 

1-8242 

1-020 


35 

I-544R 

8-630 

0-3708 

0-92 


— 

0-04S25 

30 

1-6014 

8-948 

0-2819 

0 

1-8205 

0-000 

0-0070 


Table IV. 

Viscosity (??) of Mixtures of Water and Sulphuric Acid at 30®; 
'Vr ” denotes the wt. percentage of Sulphuric Acid. 


X. T]. X. TJ. .r. TJ. X. X]. 


99-924 0-2134 

88-733 0-1840 

78-242 0-135() 

58-356 

0-0414 

97-513 0-1724 

86-865 0-1878 

74-746 0-1077 

49-858 

0-02955 

95-723 0-1674 

85-070 0-1905 

70-518 0-OS05 

43-234 

0-02275 

93-410 0-1691 

82-580 0-1805 

67-209 0-0649 

26-492 

0-01426 

91-360 0-1752 

80-243 0-1568 

64 -643 0-05G2; 

i 15-699 
0-000 

0-01175 

0-0077 

In conclusion, the author’s thanks are due to ; 

several local 

gentle- 


men for indispensable help, to Selby & Co., of Melbourne, for 
providing ether and apparatus, to Mr. W. 1\I. Holmes, of VIelbourne 
Iniversity, for standardising the thermometers, and to Professor 
Masson for his kind interest in this paper. 

The Cheaucal Laboratory, 

The School of Mines, 

Ballarat, Victoria, { Received , March 3L‘tf,'1922.J 

Note, It is assumed above that mix tu res of ether, sulphuric acid, at^d 
water are completely resolvable' into tlieir components, Tlie densities of 
several such mixtures were found to alter sliglitly after keeping for several 
Jdontlig at the ordinary temperature ; Ijcueo the occuiTeuce of eheinical 
action bcLveon the components, .such as formation of etlnd liydrogen sulphate, 
Is probable, but this is so slow that the above assumption can be considered 
tiiiaffocted. 
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Mnxs AND POPE : 


C VIIL —2-^-Dimeihijla7ninostyrylfyridine M ethiodyjf 
a New Photogra'phic Sensiiiser. 

By William Hobson Mills and William Jackson Pope. 

Several classes of basic dyestuffs have been described which arc 
related in constitution to Greville Williams's cyanine and ros('iiil)]p 
it by possessing in an exceptional riegrec the property of aelinf; 
as photograjJiic sensitisers; all these substances contain tb; 
cpiiuoline, oi’ tlie closely I'clatod benzothiazole, nucleus. It 
til us of interest to ascertain whctlier the presence of such a eon. 
deiiscd nucleus is essential to the development of intense phoio. 
sensitising action in dyes of these classes. 

Konig stated (</, pr. Chem.^ 1912, [ii], 86, 172) that eolourinff 
matters apjmnnillv analogous to the cyanines could be obtainotl 
by condensing p-diinctliylaininobcnzaldchyde with quinalrhiiium 
and lepidiniuin salts with the aid of piperidine, but that tlu-se 
siil.)staiicc8 had not been more closely investigated. Barbicr lati'r 
studied tliis reaction {Ihdl. Soc. c/nno, 1920, [iv], 27, 427). mirl 
dcsci'ibcd ilic preparation and properties of variou-s condensatinii 
products obtained liy its means, and a large number of similar 
compounds have recently been described by Ivonig and TiTidid 
(J. pr. Chem., 1921, [ii], 102, (ill). Xeither Barbier nor IvdiiL' 
suggests that any of the substances prepared by him, which coiitaisi 
quinoline or l)enzolbiazolo nuclei, exhibit properties which mafc 
them of sjieeial \ alue as sensit:is(Ts. 

We ha\e J'ouud tliat a similar kind of condensation ocoirs 
between /editnethylaniiiini)enzald(4iydo and 2 - met hyl pyridine moth- 
iodide, yielding 2-i)-di}iiLlhijl(nui)iO'‘^lijnjI]/gridi)>€ mdhoduk, and 
that this sui)stanee proves to be the most powi'rful sensitiser t'T 
green light yet known for gelatino-silver bromide photogra]>liiL' 
plates. The new .sensitiser is the sitnplest member of a novd 
series of compounds which may lie e.\[)ef;t(>d to act as photographic 
sensitisers. 

K X PERI -M E N 1' A L. 

2-])- 1 )} mith^/lamlno-slprglpijridine Mcfhiodide, 

/\ 

MeoXC^ ^ch:ch!^^ 

“ X 

Me I 

a-Picoline metluodide (20 grams) and p-dimethylaininolien^ 
aldehyde (12'7 gram;;) are dissolved in alcohol (270 c.c.), pipcridii^‘‘ 
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^ 3.5 c.c.) added, and the solution boiled for five hours; the 
litjuid rapidly assumes a deep orange colour and, after cooling, 
deposits a red, crystalline substance. On reerystallisation from 
ineth}'! alcohol, the compound is obtained in i)right rod prisms 
which show a blue reflex and melt at 275° (Found: 

H ^ 5'2 ; I = 34*8. refiuires C 52-5 ; H 5-2 ; I ^ :U -7 

per cent.). 

Acjiieous solutions of the compound dye silk a bright oramfc- 
yellow colour which is not fast to light ; tliey are dec'olorised by 
Iho addition of mineral acids, but less readily than arc^ those of 
the ^cyanines. The orange-coloured alcoholic solutions slmw a 
Ijimd of selective absorption in the blue and green with obscurely 
iticuhcd maxima at about \ 4750 aird \ 4G00. (lelatinobromide 
jilatcs, after bathing in acpieous solutions containing ojie part of 
ihc dyestulT in thirty or forty thousami parts of solution and 
drying: shou' almost uniform sen.sitiveness to light of all wave- 
lengths from the blue to about A 5000; the photosensitiveness 
tlieii falls off rapidly until it ends at about A 0200, It is jiote- 
worlhy that the failure to sensitise grhitino-bromide plates for a 
.diert region in the bluish-green, whiek occurs so frequently with 
sensitisers for the yellow and red regions of th.e speetrimi, does 
not occur with the sul)stance now described, 

A number of .sensitising dye.stuhs of Hits novel ty[)e mav be 
jirepared by replacing the a-picoline liy it.s many easily obtainable 
dcihalives. 


XUK Climm AL LABORATeKV, 

(te C.'A:\iRKTnoE, 


[Piccciccd, Aprd liHh, 11)22.] 
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Table III. 


Mixtures of Water and Sulphuric Acid at 30°, 


Water. 


Contrac- 

Conduc- 

Water. 


Contrac- 

Conduc- 

Wt. %• 

(/]". 

tion (c.o.). 

tivity (<f). 

Wt. %. 


tion (e.c.). tivity (/t). 

100 

O-OOaT 

0*000 

O'OOOO 

2 . 5 ' 

J-()597 

9-130 

0*2053 

05 

1*0281 

0*905 

0'23S8 

20 

1'7170 

9-040 

0*1568 

00 

1*061/ 

1*766 

O' 4.520 

15 

1'7G78 

8'400 

0*1410 

85 

l*09ti<S 

2*600 

O' 6320 

12 

1' 791.5 

7 '570 

„ 

80 

1*1335 

.3*404 

0'7660 

10 

1'8038 

6-79.5 

0*1488 


M718 

4*175 

O' 8500 

8 

1'8136 

5*858 

0*1492 

70 

1*211.5 

4*822 

0'8825 

6 

l■■S21() 

4'7fi0 


()5 

1*2527 

5*535 

0*8720 

5 

l'S236 

4*172 

0*1369 

(iO 

1*2953 

6116 

0-8260 

4 

] *82,55 

3*473 



55 

1*3400 

6*664 

O' 7.545 

3 

1'82()4 

2*740 

0*1074 

50 

1*3872 

7*202 

0‘66G0 

2 

l*82(;i 

1*932 


45 

1*4372 

7-72S 

0*5680 

1*58 

— 



0-0784 

40 

1*4898 

8-21G 

0*4680 

1*00 

1*8242 

1*020 



05 

1*5446 

8*630 

0*3708 

()*92 




0-04825 

30 

1*6014 

8*948 

0*2819 

0 

1-8205 

0-000 

0-0070 


Table IV, 

Viscosity (ly) of Mixtures of Water and Sulphuric Acid at 30°; 
X ” denotes the wt. percentage of Su]])liuric Acid. 


j'. rj. 

:r. 

.r. Tf. 

X. 

TJ. 

99*924 0*2134 

88*733 0*1840 

78-242 0-13.50 

58*356 

0-0414 

97*513 0*1724 

86-865 0-1 S7S 

74-746 0*1077 

49*8.58 

0*02955 

95*723 0-1674 

85-070 0-1905 

70-518 0-08(1.5 

43*234 

0*02275 

93-410 0-1691 

82-580 U-ISO.5 

67*209 0*0649 

26*492 

0*01426 

91-360 0*1752 

80 '243 0-1568 

64-643 0-0562.5 

1,5*699 

0*01175 




0-000 

0*0077 


In conclusion, the author’s thanks are due to several local gentle- 
men for indispensable help, to Selby & Co., of Melbourne, for 
providing ether and apparatus, to Mr. W. M. Holmes, of Melbourne 
University, for standardising the thermometers, and to Professor 
Masson for his kind interest in this paper. 

The Chemical L.vboratoky, 

The School of AIines, 

Ballarat, Victoria, [Recdced, March 31i«7, 1922.] 

XoTE, It is assumed above tiiat mixtures of ether, sulpliuric acid, and 
water aro completely resolvable into tiieir components. The densities of 
several such mixtures were found to altci’ slightly after keeping for several 
months at the ordinary temperature ; liciico the occiirrenco of chemical 
tiction between the components, sucli as foi’ination of ethyl hydrogen sulphate, 
probable, but this is so .slow that the tdiovo assumption can be con.sidered 

unaffected. 
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CVIIL — 2~])‘Di'melhyla7m7ioslyTylpyndine MethiodiiJ^^ 
a New Photographic Sensitiser. 

By WtTi.Lur Hoeso\ Mirji5 and William Jacksox Poivi- 

Several classes of basic dyestuffs have })ecn described whidi an. 
related in constitution to Grcvillo Williams’s cyanine and resciul,]-. 
it by possessing in an exceptional degree the property of actiir-r 
as photographic sensitisers; all these substances contain t-io 
quinoline, or the closely related bcnzothiazole, nucleus. It vias 
thus of interest to ascertain whether the presence of sucJi a can- 
densod nucleus is essential to the development of intense jihoto- 
sensitising action in dyes of these classes. 

Konig stated {J. pr. Chon., 1912, [ii], 86, 172) fbat colouni;.^ 
matters apparently analogous to the cyanines could be oiffaic'fl 
by condensing p-dimethylaminobenzaldeliyiJe with quinaldiniuin 
and lepidiniurn salts witli the aid of piperidine, but that tli-;:t; 
substances had not been more closely investigated. Barhicr la'cr 
studied this reaction {Bull. Soc. cJiim., 1920, [iv], 27, 427), ami 
de.scribcd the preparation and properties of various condcnsatini] 
pnxlucis obtained by its means, and a large number of siaiil.i; 
compounds have recently been described by K(>nig and 'I’rcidji'i 
(J. pr. Chon., 1921, [ii], 102, 03). Neither Barbicr nor Ivmi.' 
suggests that any of the substances prepared by him, which contiii:; 
quinoline or bcnzothiazole nuclei, exhibit properties which nuib 
them of special value as sensitisers. 

AVe have found that a similar kind of condensation ocrur' 
between p-dimethylandnobenzaldehydo and 2-methylpyndine mctli- 
iodide, yielding 2-\)-di?nCh{jl(nnijn)slfjry I pyridine inclhiodkk, ami 
that this substanee proves to be the most pou'crful sensitiser fot 
green light yet known for gelatino-silver bromide photograjjinv 
plates. The new sensitiser is the .simplest member of a eov;! 
series of compounds whicli may be expected to act as photograplii” 
sensitisers. 


Experimental. 
2-]}-Dime(hula}ninosf jjnjJpijr idine Mctk iod id c, 




I 


N 

Me I 


a-Picohiie raeth iodide (20 grams) and p-dimctliylaimnobei./- 
aldehyde (12-7 grams) are dissolved in alcohol (270 c.c.), piperidiiif 
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(3*5 c.c.) added, and the solution boilod for live hours; the 
ii(|uid rapidly assumes a deep orange colour and, after cooling, 
tlrposits a red, crystalline substance. On recrystallisatiou from 
alcohol, the compound is oljtaincd in bright red prisms 
which -show a blue rellex and melt at 275'^ (Found: C — 52-0; 

_ j.o ; I =- 34*8. 0i6HigN2l requires C — 52-5 ; H = ;r2 ; I — 34-7 
per cent.)- 

Aqueous solutions of the compound dye silk a briglit orange- 
vt'llow colour which is not fast to light ; they arc (i(‘colorisod by 
Ihe addition of mineral acids, but less readily than are tlio-^e of 
{he ikocvanines. The orange-coloured alcoholic solution.s show a 
hand of selective absorption in tlie liliu' and green \\iili o})S(‘iirely 
marked inaxiina at about A. 4750 and X 4()0U. Celatino-bruniide 
plates, after bathing in acjueous solutions containing one part of 
the dvestufE in thirty or forty thousand parts of solution and 
(trviiuq show aimo.st uniform sensilivtmc.ss to light of all wav(‘- 
Idudhs from the blue to about X otiOt); the })liot(}seii.sitivene.ss 
(hen falls oil: rapidly until it ends at about X {i2(K). It is note- 
>vorthv tliat the failure to sensitise gedatino-bromide ])Iates for a 
short region in the bluisli-grcen, Avliieh occurs so frequently witli 
sensitisers for the yellow and red regions of the spectrum, does 
nut occur with the substance Jiow de.<cril>ed. 

A number of sensitising dyc'stu its of this iio\-cl type may be 
prepared by replacing the a-pieolinc by its many easily obtainable 
derivatives. 

The CuF.MicAL Lasok.moky, 

UsiVERSlTV OF Cambridgk. [UtccivrJ, Aprd lO/t, 11)22.] 


CT X. — BroniO'dcrivali }'{■'< o/ (jlijuxnlim . 

By IsiDORi: Elkanak Balauan and Fkanr Li-jk Fy.u.vm. 

Tills investigation was carried out with the otqect of prejuiriiig 
the mono- and di-bromoglyoxaliiu's, ’bhe sole bvomination product 
of glyoxaline hitherto de.soribed is the fully brominate<l suli.'tanee. 
- : 4 : 5-tribromoglyoxaline (IV), wliicli was prepared Ity Uyss 
(b’o'., 1877, 10, 1305) by tlu' aelion of bromine on glyoxaline iif 
ethereal .solution. Since one of us has sliuun (T.. 1910. 97, 1S14) 
that tlio bromination of 4-methylglyoxaline one molecular 

proportion of bromine in eldoroform solution at — 19' to — 12" 
results in the formation of a mnnohromo-d-methylglyoxahne in a 
yield of 34 per of the theoretical (together with 2 ; 5-dibromo- 
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4-methylgIyoxalino in a yield of 12 per cent, of the theoretical) 
similar conditions have been employed in broininating glyoxalinc 
iteelf, but this resulted in the formation of 2:4: b-tribrouiocriv. 
oxaline and glyoxaline liydrobromide togetlier with a coiisideraliit- 
quantity of ammonium bromide and only a trace of 4 : 5-dil)rf)irif,. 
glyoxaline. This dilference in behaviour of glyoxaline and its 
4-meth}d liomologuc tov'ards halogenating agents is reflectecl tv 
Pauly's observation {Bn\, 1D08, 41, 3909) that i\710-iodine solutioj] 
reacts with these bases in a([ueous alkali to yield tri-iodoglyoxalin^. 
and monoiodo4-methylglyoxahiio (together with a small atiiuinu 
of a more highly iodated product), respectively. 

In view of an observation by Pauly {her., 1910, 43, 2243) that 
tetraiodo histidine anliydride is converted into di-iodohistidint' 
anhydride by the action of wai'in acpieoiis .sodium snlj)hitc, it 
seemed probable that the ]:iai'tial reduction of 2:4; b-trihroiiifl. 
glyoxaline might be effected similarly, and exjierimeiit has shcuvii 
that when this eompound is boiled with a limited (|iia]ititv cf 
sodium sulphite in 20 ])cr cent, atjueous solution, it yields a nioiui- 
bromogiyoxaliiie together with small quantities of a dibroiint- 
glyoxaline, melting at 225 ’, a bromoglyoxalinesulplionit; acid, and 
glyoxaline. In order to determine the orientat ion of these products 
2 : 5-dibromoglyoxaline was prepared, ddiis was eiTected bv 
brominating ethyl glyo\a]ine-4-carl)C)xyIate, when clhijl 2:,j- 
dibromoghjOAvlineA^'firhoxylaiv (I) was obtaiiu'd. On boiling tliis 
eompound with h 3 'droeliloric acid, it suffered hydrolysis vitli tk* 
formation of 2 : i>-dUjromo<jlijoyarnu^A'e(nho.Y}jlic acid (11), wliicli 
then underwent decarbox\’lalion v illi liie formation of 2 : ak-- 
hromogly oxaline (III). 


CBr>XH. 

' I >rBr 
EtOaOC 

(i-) 


CBr-XH 


■ HO,C-C- 


-X 


>OBr 


(If.) 


CBrXIL _ 

■ CH— 

(HI.) 


This substance melts at 103"’ and is not identical with the dibroiiio- 
glyoxaline resulting from the reduction of tri bromogiyoxaliiie, 
which must consequently be 4 : o-dibro)noghjoxalinc (\7 P 
be observed that the more s^-mmetrical of the two dibroniogly- 
oxalines possesses tlic higher melting point, as would be expected 
from previous knowle Igo of the relation between chemical con- 
'Stitution and fusibility, and it may be pointed out tliat the 4 : -> 
substituted diraethyl- and diphenybglyoxalines also have higher 
melting point.s than (he 2 : 5-isomcridcs, 

Orientation of thc' nionobromoglyoxalinc follows from the fact 
that it may be obtained b\' the partial reduction of 4 : .Tdihromo 
glyoxaline by means of sodium sulphite and is therefore i-hrotno- 
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fyQxalin^i (VI). The formation of this com]iomid may consequently 
represented by the following scheme : 


CBr-NH. 

CBr-N^ 

(TV. 


pBr‘NH. 


CH-NH^ ^ 
(VJ.) 


Nitration of 4-broraoglyoxalino leads to 4-hromo-~)-n{irorjJyo.mUne 
^Vil), the position of the nitro-group Ixhng ])rov(‘d by the fact 
that the l)romonitro-com 2 )oimd yi{“lds on hrominaiion the same 
substance, which is o])tained by the nitration of 2 : o-dihrorno- 
crlvoxaline, namely, 2 : 4-(lihromo-r)-n{lrofjh/omUn(i (NMII). 


NOyC-NH 


NOyC-XK. 


H 03 .S-C-XH. 


(VII.) 


(VIIT.) 


(IX.) 


Attempts to nitrate 4 : 5-dibromoglyoxaline ^^’ere unsuccessful, 
like previous elforts to nitrate 4 : b-dimetliylglyoxaline (Fargher 
;,„dPvman, T., 1919, 115,219), and the results afford eonfirraalory 
('vidence that the gly{.)xaline nucleus is incapable of nitration in 
the 2-position. 

The bromoglyoxalinesul phonic acid resulting from the interaction 
of tribroinoglyoxaline and sodium sul{)hite eo:i tains the bromine 
atom in the 4-positioii, for it yields 4-bronioglyo\alirie on liydrolysis. 
It mav al.so be prepared from 4-bromoglyoxaline by direct sulphona- 
tion, and is therefore almost certainly i-hro}tt(XjhfoxaIine'~)-sriI phonic 
acid (IX), for there can be little doubt that the sulpho-group sub- 
stitutes a hydrogen atom of the nucleus in the same po.sition as 
docs the nitro-grou]). An attempt to solve the problem directly 
by die action of sodium sulphite on the small quantities of 2 : 5- 
and 4 : u-dibromoglyoxalines available^ gave d-bromogdyoxaiine 
a.s the only identiliable product in (“aeh ease. 

The investigation is being eontiinual. 


E X r E n I E X t a e. 

Brofuiaalioa of (ilijoxaiiiK:. 

A solution of 120 grams of glyoxaline in 720 e.e. of chloroform 
was treated with 270 gin ms of bromine (1 mob) in 300 c.c. of 
cliloroforin at the ordinary tempt‘ratiir(‘. After removing tiui 
solvent, the residue was boiled with water, wlien 112 grams of 
Iribronioglyoxaline, melting at 210 — 212'd remained imdissolved. 
Ihis was (lis.solved in cold aij neons sodium hydroxide and pre- 
cipitated fractionally by liydroehloric acid, wlien 109 grams of 
tribromoglyox;d'r;e melting at 220’’ were deposited, no evidence 
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of the presence of a dibromoglyoxaline being obtained. Thp 
mother-li(iuur was concentrated and deposited 20 grams of ammonim,, 
bromide. The filtrate from this gave a re,sidue amounting to li;;, 
grains and consisting mainly of crude glyoxaline hydrobroniiric, 

A third of this residue was neutralised witli sodium carhoiini.-, 
when it deposited 1 gram of very crude tribroinoglyoxaline, aii i 
was extracted with ether. The extract (T4 grams) was convcftf,j 
into the hydrochloride and gave 0-27 gram of 4 : o-dihronro-jly. 
oxalirie liydrochloride, which melted and decomposed at li.vr 
(corr.), and uas identified by (:onv('rsion into the 1>ase, \vliic]| 
melted at 225"’ (corr.) alone or mixed with 4 : o-dibromoglyoxalitM- 
resulting from the reduction of tribromoglyoxaline. 2:4: .hTij. 
bronmglyoxalinc ciTstalliscs from glacial acetic acid in coloiirl(-x 
silky needles, which nudt and decompose at 221"' ((‘orr.). [Wy:: 
{loc. cif.) gives m. ]). 21 Ih] Tt is snliil)!i' in about 2S(I ]K\r\< ;,f 
boilinit water (Idmnd : Br 7t)T, Calc,, Mr — 7S*j por 

AclioH of SofJiimi Siilphife ou Trihromoglyoxahnc. 

]. Xinety grams of tribromoglyoxaline were boiled with a soli-, 
tion of 180 gram.s of iiydiuted sodium snlpliitc (approx. 2-I> niok 
in 20 per cent, aqiicou.s solution for' three liour.s umh'r ]vtlii\ aiid 
kept, when lOT grams of crystals mclling at 140— MitC mo.' 
deposited (motlier-lifiuor M). The crv.stal.s were dissolved in cold 
acjueuu.s sodium hydroxide and preci|)itatod fractionally by hydc'. 
chloric acid, when 4 : .'i-dihromoglyoxaline was jnecipilatcd lim. 
followed by uiK;hang(‘d irihromoglyoxaline. The former WiU 
refractionated in tlie same way and finally ci'ystallised fivnn oiafi;;; 
acetic acid, wlum :]■."> orams of tlii' pure compound weir oliijuia'd. 

The motlier-liipmr (M) was mi.xcd witli excess of strong Jiy.lm. 
chloric acid, c\a|) 0 ]'at('d to love hulk, and extracti'd with alct'k'i. 
when inorc:anic salts rmioved. llu' csxtiMcl was (h. 

of tlie solvent, and niadf alkalinr with sodium carb(>nalc, wlro 
crude d-broimfglyoxalino was in pari precipitatial and in ion 
collected hv extraction uiih ether (aqueous inofhcr-liipMr 
The crude base was coiivei'Ual into the ])i(,'rat(* and cia^taliN'd 
several tinu'S from water, wlnm olhO grams of pure l-hrmiidcly- 
oxaline picrate were obtained, that is, 47\S per cent, of tin* llicoretica! 
yield. The final niot‘u'r-Ii(iiiors from tlie crystallisalion of the 
..picrates gave TO grams of glyoxaline picrate. whicli melted 
212*^ (coir.) alone or mixed with a specimen prepared from glyox^diir'. 

The aifuenu^ inolherdiquor (N) wni.s acidified with hydrochli'O' 
acid, evaporated luairly to drytu'ss, and extracted with alcok'l. 
On removing the sohamt, tfuTc I'mnaimal about 20 grams ci a 
vi.scid, bi'u wn ,'svrup, which was dissolved in a little water iUHi 
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when crystals were deposited. After several crystallisations 
fi'Oin water, these gave 3*0 grams of pure broinoglyoxaiinesulphonie 
acid, whilst the mother-liquors contained other erystalline com- 
pounds, which have not yet been isolated in a pure state, 

^ 2. On boiling 30 grams of tribrornogiyoxaline with sodium 
uilphitc (5 mols.) in 20 per cent, aqueous solution for eight hours, 
ii(( crystals wore deposited on cooling, and 21 -3 grams of 4-broiiio- 
(rlvoxaline picrute were obtained, that is, 57-6 per cent, of the 
tlieoretical yield. 

4 - Brom oijhfOA'a Urit. 

^.ikomoglijoxQUne crystallises from water in colourless, elongated 
])latcs, and from cliloroform or bcu/ene hi glistmiing plates which 
iiicll at 130-^131'^ (corr.). It is easily soluble in hot, somiovhat 
.qiariiigly solubhi in cold, water, giving a solution iieutrai to litmus, 
it- is easily .soiuide iu alcohol, ether, acetone, or ethyl acetate, 
.sparingly soluble in cold chloroform or lienzcne, and very sparingly 
soluble iu light petroleum. It is tvadily soluble in dilute mineral 
acids, ammonia, or sodium hydroxide, but not in sodium carbonate 
(Found : C - 24-3, 24-3 ; H - 2-2, 2-1 ; A - 19-2, 194 ; Hr - 54-7, 
■)4‘,j, (. 3143 X 0 ^ 1 ’ requires C = 24-">; H = 2-(); \ ^ IlM ; Br - 
.34-4 per cent.). 

The hijdrochlorUJa ciystallises from o.V-Iiydracldovie acid iu 
(oiourless, elongated prisms, whieli, when air-dried, contain a 
variable a?uount of water of crystalli.Wvt ion, and aft('r drying at 
! 0 ()y melt at 1(32 — 105"^ (con*.), It is vcj'v easily soluble in water, 
y:iviiig a strongly acid solulion {F'<jiind ; in air-dried salt, los.s at 
100 ’ -= 4-8, o’9, 7-5, 8 ' 0 . r 3 ll 3 X 3 l>i',HT’l,Hd) requires HA) = 8-9 
l-er cent. Found ; in salt dried at UK) , Cl Ip-t). (CH 3 XVBr,IK 1 
recpiires Cl 19-3 j)ei’ eent,), 

TIu' nitrafe crystallises frmn water in stout needles, whieh are 
anhydrous and melt and dex-ompose at 135' (eorr.). it is soluble in 
about 5 parts of boiling water, and soiuewliat sparingly soluble in 
cold water (Found : X — 20*4. C>H 3 X.,Br,HX 03 requires X — 20-0 
IK'i* cent.}. 

The Jujdroifeu oxalafe crystallises from water in slender, glistening 
needles, which are anhydrous and melt and decompose at 218' 
(corr.) after previous sintering. It is soluble in about 4-5 parts 
of boiling water, atid sparingly soluble in cold water (Found : 
0 = 25-3, 25-2; 11 = 2-1, 24.^ CaH.X.BrAOH.^O^ requires C = 
:!5-3; H 2*1 per cent,). 

Ihe i/icnUe crystallises from water in stout, yellow needles, 
winch melt ut 1(32“' (eorr.), and are anhydrous. It is soluble iu 
about 14 pare of Insiling water, but is v(tv sparingly soluble in 
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cold water {Found : N = 18-3, iS- 5 . 

N = 18‘6 per cent.). 

Nitration of i-BroinoghjoxaUnr.—Criry Grams of 4.brnmoiJlv 
oxaline nitrate were added to 35 c.c. of concentrated sulphui-ic acid 
with con.stant cooling with water. After heating for one hour on 
the water -1 )ath, the product was diluted w'ith ice- water, when it 
deposited 5'12 grams of the pure uitro-com pound, that is, S 7 
cent, of the theoretical yield. 

4:-Bro))W-5-}utrogJyoxaliHc crystallises from w’ater in stout, colonT. 
less needles which melt and decotu])OKe at 270° (corr.) after p]‘(‘vioii.s 
sintering (Found ; 0 — 18-5; H = 1-5; N — 21-7, 21-8; Hr tp- 
41-8. CaH.OaNgBr requires C = 18-7 ; H = l-O ; ’ N ^piy 
Br 41*7 per cent.). It is soluljle in about 250 parts of boilinff 
w^ater, and almost insoluble in cold wat(w. It i.s s])ariiig]y soluli 
in hot alcohol, and vci'y sparingly soluble in ether, chlorofornu or 
cold alcohol. It is insoluble in 5 A -hydrochloric acid, but dissnlvts 
in concentrated hydrochloric acid, giving a colourless solution 
from which it is precipitated on dilution with water. It dissolvts 
in aqueous sodium hydroxide, .sodium carbonate, or ammonia, 
giving yellow solutions. 

Bromifiadon of i-Bromo-iy-nifrogli/o.ralijte.—O-r) Gram of 4-broiM- 
5-nit roglyoxaline was dissolved in O-o c.c. of water conlainiiitf 
0-3 gram of sodium hydroxide, and hromine was added drop hv 
drop, with shaking and cooling with water, until the solution uus 
aeid. The yellow 2 }reci]}itatc was colh'cltal and crystallised from 
water, when 0*3 gram of 2 : d-dihromo-o-nitro^lvoxaline separated 
in flat needles, which darkened fi'om al)out 170° alone or mixed 
with the product of nitration of 2 : o-dihroinoglyoxalinc (p. 9oS). 
with which it agreed in its pro]KTtics (Kouiid : X . - 15*7; Hr -yj-l. 
C 3 H 02 X 3 Br 2 requires X — I5-5 ; Hr 51) '0 [jcr (‘cnt.). 

SvlphonutioH of 4:-Bro/)io[jlfjoxa!(nf.’. — Two grams of 4-brnmm 
glyoxaline were coirverted into the sul])hat(' by tin* addition of 
1 c.c. of sulphuric acid, (J-b c.c. of 70 pen* cent, oleum were added, 
and the mixture was heated for three hours in an oil-bath at Uitr. 
The product was diluted witii xvater, sulphuric aeid removed liy 
barium hydroxide, and excc'ss of the latter by carbon dioxide, 
when 3’92 grams of barium hr(.unoglyoxaline.sul])h(jnate were 
obtained. This was dissolved in watei', freed from barium by juoims 
of sulphuric acid, and enueeutrated, when 2-85 gi;ams of bmmo- 
glyoxalinesulphonie acid were oblaiiuul, that is, S5 ])er cent, of 
the theoretical yield, ft melted and (leeompo.s(‘d at 28(b (ooit.) 
alone or mixed with the hrojunglyoxalinesul phonic* ac-id resi.ltitig 
from the interaction of trihromoglyoxaline and sodiuni sulplutc, 
dc.serihed on p. 954, with xvliich it agrec'd in its pro})ertks 
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[Found: in air-dricd fe;ubstanco, loss at 120° = 74; Br --32-7. 

C requires HgO = 7-3; Br = 32-0 per cent.). 

4 : o-f)ibmnoghjoxalme. 

4 .' o-Dibromoghjo.mlinr erystallisos from water in fine, colourless 
iieedlf^J^ and from glacial acetic acid in short, stout needles, which 
melt at 225° (corr.) (Found: C ^ 15-7, 15-8; H -= 14, M; 
y- 12*5, 124; Br - 71-2, 70d), C3HjjX.Br.> n'quire.s C = 15-9; 

H — 0*9; X — 124; Br ^ 70-8 per cent.). 

It is sparingly soluble in hoi, very sparingly solulile in cold, 
water, giving a solution neutral to litmus, easily soluble in alcohol, 
ether acetone, ethyl acetate, or glacial acetic acid, but very spar- 
ingly soluble in chloroform, benzene, or light petroleum. It is 
soluble in cold aqueous sodium hydroxide or carbonate or in 
ammonia. It is in.soluble in cold .HV -hydrochloric acid, forming 
the sparingly solulile hydrochloride, which dis.solves on heating 
the solution, and crystal lis('s on cooling in glistening plates which 
etfervesce and decompose at 2.7(F (corr.). This salt remains 
uiiclianged after heating at KXF, but dissociates on the addition 
of water, gi\'ing tlie base, melting at 225 '. The nifralc crystallises 
from dilute nitric acid in elongated plates, wiiieli melt and decompose 
at about 115° (corr.). 

Hedudion of : o-Dibromoglyoxalim' by Sodiiuu Stdphde. — (o) 
Three grams of 4 : 5-(lihromoglyoxaline w('rc boiled under reilux 
with a solution of 34 grams of liydrated s:idium sulphite (1 mol.) 
in 17 c.c. of water for five hours, and the solution was filtered 
hot from 145 grams of unchanged material, melting at 225°, kept, 
filtered from 0■25 gram, melting at 220°, basitied with sodium 
carbonate, and extract(‘d with edher, when 0-7 gram of crude 
4-bromoglyoxaline, melting at 100 — 110 , was collected. This 
gave 1'5 grams of the pure jiicrate, /nelting at 1(>2° (corr.). The 
yield thus amounts to 30 per cent. (4 the tlieoretieal. To confirm 
the identity of the i)roduct, tlu' j)icTate was coiivmded through the 
hydrochloride into llie base, wliich iiieltetl at 130 — 131" (corr.) 
alone or mixed with 4-bromoglyoxaline resulting from the reduction 
of 2 : 4 : 5-tribromoglyoxaline. 

(6) Three grams of 4 ; 5-dii)roniogiyoxalin(‘ were boiled with a 
solution of lO'O grams of liydrated sodium suljihitc (3 niols.) for 
sis hours, and the solution was basitied with sodium carhonate 
and extracted with ether, wlien l-S grams of crude 4-bromoglyoxaline, 
melting at 125 -127'\ were obtained, wliich ga^e 4-05 grams of the 
pure picrate molting at 102° (corr,), tliat is, 80 per cent, of the 
theoretical yield. 

AUempted Xifradon of 4 : od dbroinoylyo.adiuc.- To 0-5 gram of 
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4 : o-dibroiiioglyoxaline thcro was added 0-5 c.c. of c^oncentratf-.,) 
nitric add followed by 1*0 ex. of concentrated sulphuric aoH 
the mixture being cooled meanwhile with icc- water. After kecjjjj,,! 
for fifteen niinuteSj when slight evolution of bromine was ohsc]'V(.,i' 
the solution was divided into two parts. The first was (lilui(.,j 
with a little water, when 4 : 5-dibromoglyoxaline nitrate separatwi 
and gave the base melting at 225° on crystallisation from 
The second was heated for a few' minutes on the water-batli, avIk-h 
a vigorous evolution of bromine took place, and then diluted witl. 
w'ater, when a clear solution was obtained. Neither this solutif,;', 
nor the crystals or filtrate from the first portion gave any vellu','.- 
colour with sodium hydroxide. 

4 - Bro mogl yoxaline-5-sulphonic Acid. 

4:-Bromo(^lyo:raline’B-sulpkomc acid^ crystalli.ses from water ir. 
glistening prisms, which contain IHgO and after drying at ]y, 
melt and decompose at 280° (corr.). It is soluble in less tusii 
2 parts of boiling water and in about ,‘15 j>arts of eold water, atiii 
almost insoluble in absolute alcohol (Found : in air-dried suhstaiKv, 
loss at 120° — 74, 74, ('311303X2 BrS.lloO recpiires HgO --= 7-3 ]« 
cent. Found : in .substance dried at 120°, 0 — 15'0, 154 ; K 
1-7; X-124, 124; Br-35'6; S ~ 14-3. C’gHgOgX^BrS n- 
quires C — lo-l); H — r3; X = 12-3; Hr = 35-3; S = ltd pu 
cent.). 

The bariion salt crystallises from water in flat needles which iir-- 
anh}4rous and easily soluble in water, giving a solution iic'utr,!l 
to litmUvS [Found : Ba — 23-0, 23'2. (03H2()3X2BrS)2Ba require 
Ba — 23 ‘3 per cent,]. 

Hydrolysis of the Sulphouie /led/,— 0-5 (7 ram was heated uill: 

5 c.c. of concentrated hydrochloric acid for tlirce hours at ITii . 
The clear, colourless solution was evaporated to a syriqv iUri 
mixed with aqueous sodium carbonate, "when 0-15 gram of criK.ir 
4-bromogiyoxaline separated; this, after reerystallisatioji fi-'ii; 
water, melted at 130 -131° (corr.) alone or mixed with a spccimoi 
prepared by the reduction of tri bro mug lyoxa line, 

(.ilyoj'(iliit(:-\-carboxylic A cid. 

Farglmr and Pyman (T., 1019, 115, 228} have shown that thb 
^acid may be preparc( from glyoxaline4 : 5'dicarboxylic acid hy 
way of glyoxaline-4-carboxyanjlide, Considerable quantities of tli<' 
acid w'ere required for conversion into the ethyl ester, and tht‘ 
methods previously described have been improved, 

In the preparation of the anilide, the " re.ddual aqueous solu- 
tion from the steam distillation {loc. ci(., p. 229, I 3) is acidified 
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hydrochloric acid, filtered from nnchai ‘d diciirboxylic acid, 
and basilied with sodium carbonate, when the anilide crystallises 
out contaminated with a sticky Tcsin, which is readily removed 
l.)y washing the i}roduct with ether, leaving the anilide in a nearly 
piirc slate, melting at about 224°. The yield is about 50 per cent, 
of the theoretical, whilst glyoxaiijie can be recovered from the 
mother-liquors in a yield of about 10 per cent, of the theoret.ical. 
The loss is mainly due to the dceoni position of the glyoxalinc 
nucleus with the formation of ammonia, for, on i)oi]ing the diearb- 
oxylic acid ^^’ith aniline, ammonium carbonate is <Jeposited in the 
condenser in a yield amounting to 53 per cent, of the tliooretieal. 

The hydrolysis of the anilide is readily effected by boiling it.s 
solution in concentrated hydrochloric acid (5 parts) for four hours 
under retlux. The product is worked up as described previously, 
('xcc|it that the aniline is removed by distillation with steam, 
and gives glyoxaline-4-carboxylic acid in a yield of 75 per cent, 
(if the theoretical, the loss being due mainly l.o the formation 
uf ammonia by the disruption of tlie glyoxalinc nucleus. 

hroifiinalion of FAhjl FfjrrnuAo:/ of Etluil 

2 : o-lJihromoylyoxaUheA-carho.ri/lutc. 

Tu 22 grams of ethyl glyoxaline-4-carhoxyIale (T.. IDKi, 109, 
2u0) partly dissolved in 1(H) c.c. of chloroform, a solid ion of 15 c.c. 
(if hromine in 100 c.c. of chloroform was added at 15—20". The 
pimluct was mixed ^^'ith 50 c.c. of water and the solvent and excess 
(if bromine were removed by a current of steam. The residue was 
ci.Kjlcd and filtered from crude ethyl 2 : 5-dibromog]voxaline-4- 
carhoxylatc, which, after recrystalli.sation from 2-5 litre's of water, 
gave IIHU grams of tlie ])ure substance. 4 he motlier-liqnors were 
basiJii'd with sodium carbonate, and extracted with chloroform, 
Alien Ul'2 grams of crude ethyl glyoxalinc4-carboxylate were 
ivcovcred. On lu’ominating (!iis under the sami' ('oiuiitions, anotlu'r 
o! grams of the pure dibrotno-ester w('r(’ olitained, whilst 3-7 grams 
(if (‘I'lnlo ethyl glyoxalinc- l-carboxylate wen* reeovi'red, Th(‘ total 
livid of dihromo-ester, 2()'J grams, amounts to 5() jier cent, of the 
tlii'oretical. 

Fhjt 1 : ’f’dihrooio{jhjox(ibii(;’-[:.('arhoj ijla(t crystallises from water 
in stout, prismatic needles wliicli are auiiydrous and melt at 147 _ 
h-oiT.) {Tomid: C == 23'9, 24'0; H = 2-3, l-l); X -- 9-0, 9*5;' 
fit ai-0. cy IjjO^X^Kro requires C -- 24*2 ; H -- 2*0 ; X -= 9*4 ; 
fit ~ 53*7 per cent.). 

ft dissolves in rather more tliait lOU parts of boiling water, and 
t le greater part crystallises from the solution on cooling. It is 
'^13 easily seluoie in alcohol, ether, acetone, or ethyl acetate; 

L L 2 
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easily soluble in glacial acetic acid or chloroform ; sparingly solii])le 
in benzene, and almost insoluble in light petroleum. It dissolves 
in 5A" -hydrochloric acid, but is precipitated on dilution with ^vater. 
It is readily soluble in cold aqueous solutions of sodium hydroxide 
sodium car 1)011 ate, or ainmonia. 

Hydrolysis of Elhyl il : o- ! )ibronioglyoxahne‘i-C(iThoi'yla(c 
lysis of the dibromo-estcr k^ads to the dibromo-acid and 2:;j. 
dibromoglyoxalinc, tlu' nature of the product depending on the 
time of lieating and the concentration of the acid. The dibronio. 
acid has not been isolated in good yield, for conditions sufficicntlv 
vigorous to ensure the complete h 3 xlrolysis of the ester also effect 
a measure of decarboxylation. 

(1) Formutioi! of ‘2 : :)H)ibromo!jhjoxaliurA<.arhoxylic vlcic/.— Ten 
grams of the dibromo-estcr were boiled with 50 c.c. of concentrated 
hydrochloric acid and 75 c.c. of water for one hour under reflux 
and the solution was cvajioratcd to dryness on a water- bath. The 
residue was dissolved in 20 c.c, of water and kept, when Od) gram 
of the dibromo-aeid was deposited. The mother-liquor was inixet! 
with aqueous sodium carbonate until onl}^ faintly alkaline tn 
methyl-orange and kept, wiien M) grams of crude dibroiuo-cNier 
were collected. On concentrating the filtrate and adding hydro- 
chloric acid, 3-0 grams of the dihromo-acid separated in a nearly 
pure state, and fuither quantities were obtained by evaporatiiiL' 
the mother-liquors to dryness, separating sodium chloride by means 
of alcohol, and crystallising tlie residue of the alcoliolic extract 
from w'ater. The cnide acirl was ])urified by recrystallisatinii 
from ten times its weight ef water, and i-2 grams of the acid wm- 
isolated in a ])ur(' .stat(‘, that is, 3S per cent, of the theorelical. 

2 : 0 - Dibrumoylyondi i!c-4:-(mljofylic acid crystallis(>s from water 
in glistening, prismatic needles containing SH.iO, or in quadrilafiTal 
plates containing After drying at lOOb it cffcrvcsc'cs and 

turns brown at 22o' (corr.) (koinul : in air-dried needles, HA) - 
15‘6, 15-6, CbK.O.XAh’.dlHA) requires HA) - H)‘7 per cent, 
Found: in air-dried jtlates, AM), 3-3. C|H.A) 2 XAIr^JdUl 
requires 11, ,0 = 3'3 per et'iit, J'ouiid : in substance dried at h)ff) 
C = 17'f); ’ H -= 1*2; X - KM ; Hr - 5!)*5. 
quires C 17'8; H --= U‘7 ; X 10*4; Hr — 59*3 per cent.). 

The acid is easily’ sol ible in hot w’ator, sparingly soluble iu 
very easily soluble in alcohol, ctiier, ethyl acetate, or acetone, and 
almost insoluble in chloroform, l)(.mzcne, or light petroleum. H 
soluble in 5A"-hydrochloric acid and in cold aqueous sodium 
hydroxide, sodium carbonate, or ammotiia, 

(2) Formation of 2 : o- Dibroutogiyoxaline . — Twelve grams of tk 
dibromo-estcr w’ere boiled W’ith 120 c.c. of concentrated hydrochloric 
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acid and 00 c.c. of water for eight iioiirs under reflux. The liquor 
was evaporated to dimness and tlie residue moistened with water 
and evaporated to dryness several times. Th(‘ residue was digested 
with water and kept, ‘when 4*2 grains of 2 : .>-dibroinogiyoxaline, 
melting at 192'^, separated. Ihe mother-li(|uor, on evaporation 
to dryness and treatnusit with wah'r, gave* another 2-1 grains of 
liie same eompound, equally pmv, and, after tin* addition of 
sodimn carbonate until the solution was only faintly acid to inetliyl- 
orange, deposited 0*8 gram, imdting at 190^. The total yield, 
7d tfranis, amounts to 78 pi-r cent, of tin* tlieoretieah 

2 : f)-Dibr(j}>ior/l)/o.rall}i(\ 

' 2 : i)-lHhromoyJiioxaIitU' crystallises from wati*?* in pri.smatic 
needles, uhich are aiihydr'ous and nu'lt to a el(‘ar, eoh airless liquid 
at UKT (eorr.) (Kouncl :(■-:: lo-S, l^-T; H - 1-2, 1-2; N -- 12*8, 
12.7. 13|- =70-8, 70-7. (.’.jHoXoBro re({iiir(‘s (' — H — 0-9; 

X :=. 12*4; Er 70-8 ])(*r cent.). It is soiui)h‘ in about 100 parts 
of boiling water, but vc'ry sparingly solulik* in cold water, giving 
a solution neutral to litmus. It is very easily .snlulile in alcohol, 
acetone, nr ethyl acetate, easily solulile in (‘tlier (»r glacial acetie 
acid, hut very sjjariiigiy soluljle in cldoroform, b{*n7.ene, or light 
petroleum. It is soluble in o.V-hvdi’oclilorii; acid, and is not pre- 
ci])itated on dilution. It dtssoKes in aqueous .sodium hydroxide 
or carbonate, and in aqueous ammonia. 

The hijdrocMorifle crystallises from eonc'cntrated hydrochloric 
acid in prisms, vliich, aft(*r air-drying, sinter from about 100"^ 
ami melt helween l20'^ and L>0h \Vh(*n the salt is dried at 
the base, melting at 193', remains, the d(*erease in weight (205 per 
cent.) ajjproximating to that reipiired (19-4 per cent.) for tin* loss of 
the IICl plus H.)0 from (,y4.,X,,Hr.,,H(.'i,H.,(.). ft is readilv soluble in 
cold, very readily soluble in hot, concentrated livdrochlorie acid. It 
(lis,sociates on the addition of water, yic'lding a pna-ipitate of the base. 

of '2 : o-()ibromogh/oxnlini: by Sodixin Stdi/hife. -Xinc 
grams of 2 ; o-dibromogiyoxaline were boiled under reflux with 
a solution of )0*2 gram.s of hydrated sodium sulpliite (I mol.) 
in 50 c.c. of water for four hours. After cooling, the liquor was 
filtered, ami the crude uncdninged dihi'onio-conipound was dis- 
solved in dilute hydrochlorii* acid and precipitated by the addition 
of sodium earlionate, when 2*5 grams, melting at 190°, wer«i— 
recovered. 4'he comldiK'd filtrates \v(*t'(* hasified with sodium car- 
bonate and extracted with ether, which n*]novi'd 9*5 grams of 
crude I-hromoglyoxaliiu*. The mjueoiis niotlu'c-iicjiior was acidified 
^dth hydrochloric acid, and evaporated to dryness. The residue 
H’as extracted ’"Ifh alcohol, whieli rcinovi'd a very small quantity 
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of brown syrup, which crystallised on the addition of water. X]\(‘ 
crystals, which were obtained in quantity only sufficient for 
determination of melting point, softened at 160° and oifor\x‘,scc.! 
and decomposed at 210°, wliilst l-bronioglyoxalinc-o-sulDhoui,, 
acid decomposed at 270°, and a mixture of the two suhstam-os 
230°, in the same bath. 

The crude l-broinoglye^xaline was purified by conversiim imo t!if. 
))icrate and erystalli.'^ation from water, wlien 7*7t> grams of tin- 
pure salt, melting at 102° (corr,). were obtained. The yield Ihii. 
amounts to ol ])er cent, of the theoretical calculated on the {)•() (;rall’,^ 
employed. i>\' 71 per cent, of tlu^ theoretical allowing for tlie 2-5 
of recovered dihromo-conipoimd. To confirm the identity of tlir 
product, the pierate was eouverted through the liydrochloride iiitM 
the base, wliieh melted at 130 -131° (eorr.) alone or mixed with 
4-hromnglyoxaline resulting from the reduction of 2:l:.j.tn. 
liroinoglyoxalinc. 

Nitraihn of 2 \ o-Dibromogh/oxaUne.—Ono gram of 2 ; .ydi- 
hromoglvoxaline was mixed with 1 c.c. of concentrated nitrie iicjtl. 
and tli(‘ paste added to 2 e.e. of coneentrated sulphuric acid. Alh.r 
heating for a few minute.s on tlie water-liath, a slight e\'oliuiuii nj 
bromine wa.s observed and the product was poured into iee-water. 
when 0-5 gram of the nitro-eoinpoiind separated in a pure state. 

2 : Ar-Dibromo-o-inirof/hioxalit/e separates from water in flat 
needles, which blacken from about 170° and appear to he compiotelv 
charred at 180°, hut do not melt even at 270° (Found : = i.Vii; 

Br — o9-0. C 3 HO.,X 2 Bro requires X — 15-5 ; Br — 59-0 per eeiii.j. 
It is sparingly soluhk' in hot, vei'y sparingly soluble in cold, waU-r. 
It is insoluble in coneentrated liydroeliloric acid, but dissolves in 
cold aqueous sodium hydroxide or carlionatc, or in aunnonia. 
giving pale yellow solutions. 

ijf'Jinvioitr of the Bro}noiihjoxa}iues (onvnls Sodium I)i(nohf:n:o>f-Y- 
uul pliouafc: 

Solutions of the suh.-tanees deseribeil a1xm> in asiueous sodiiui) 
earbonale gave the follo\eing results with sodium diazobenzeiie-/'* 


sulpimnate ; — 

4'Bromoglvoxaline intense i hetTy-i'el so]ntion. 

4 : 5-Dibrouioglyoxtilin(f pnle dieny-red sulutiou. 

2 : n-DibrornoglvoxHliue very pale ornjige solution. 

; o-Dibromoglyoxaliiie-4-(‘ .rbo.xylic acid . . . very pale orange suhition. 
Kthyl 2 : 5-dibrainoglyoxaline-4-carbc.\ylate negative. 

4-Bromo-5-niU'c)glyL>xaline negative. 

2 ; 4-!')ibronio-o-nitro(rlv(i\aliiit‘ negative. , 

4.Brottiog!voxaliuc;..Vsulplionic ueid orange solution grauvirtm 

deepening in colour. 

Municipal Coi.lkcu or XKCiixni.rjGv, 

Univlksity or lilAXCHESTTou r/.yce/ectf, d/a!/ 2/e/, l!l— i 
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CX.-'The Properties of Ammonium Nllreile. Part 11. 
Ammonium Nitrate and Water. 

Bv Ida L. Millican, Alfred Franci-s Joseph, and 
Tho^ias ^Iartin Lo^YRY. 

Iv (he preceding paper of tins aeries it Tvas show]i that the freezing 
point of aininonium nitrate can be raised Ijy careful purification 
iiid drying to The freezing point is, however, cxtremelj^ 

M‘U-;itive to the influence of traces of moisture, and it appeanni 
(h'drahle, therefore, to make eluant itative ('xperiments to tleter- 
tiiine the magnitude of this elTeet. Tn view, iinu'eover, of the fact 
tint the freezing i)oint of the salt lies within the range of easy 
experimental olrserention, a uniepio opportunity presented itself 
nf plotting a. complete equilibrium diagram for a soluble salt and 
water, a diagram which, in this instance, lias the special interest of 
including four transition temperatures. 

Previous determinations of the solubility of ammonium nitrate 
hetwoen 0° and 100^' have been made by Seliwarz {Preis.schrift, 
(iiittingen, 1892, p. 12), and between 12’^ and 40‘' by Muller and 
Kaiifmann {Z. ■physiJcal. Chan., 1903, 42, 409). On the aipieous 
side of the diagram, measurements of the freezing point of solutions 
of the salt have heen made by de Coppet (. huL ('him. phjs., 1872, 
[iv], 25, 544), who has also located the eutectic point at — ITB-V 
;uid 41-2 per cent. NH^XOg (Z. phjsikal. Chan., 1897, 22, 240). 

F X P ]■. R I M E N T A L. 

First Fcrics of ^frasuranenis : 90" to 170”^. 

la the llrst series of measurements, the observations were made 
with mixtures of amtiionium nilratt' and water enelosed in .sealed 
tubes, in order to avoid loss of the small (juaiitities of water, which 
ranged only from 0 to 10 per cent, of the weiglit of ammonium 
nitrate. The tubes werc‘ suspended in a largo beaker of liquid 
paraffin heated on a sand-bath. The liquid was stirred and its 
temperature read by means of a long standard thermometer. Tlie 
temperature was noted at which most ot the nitrate had melted, 
and then that at whicli the last traces were just disappearing; they 
mean of these two temperatures was taken as the temperature of 
dissolution. The bath was then allowed to cool until crystals rc- 
appeared; tiu.s point was recorded as the temperature of crystallis- 
ation. The mean of tlie temperatures of dissolution and crystallis- 
ation in a seri*''' of observations was taken as the initial freezing 



960 


MILLICAN, JOSEPH, AND LOWUY : 


point of the mixture. A correction for the exposed stem of th^ 
thermometer was made after the mean value of the initial ffeozjjjg 
point had been determined. The method does not give results of 
a very liigh order of accuracy, hut it is believed that the data are 
correct within 1°. 

The numerical results are set out in Ta])le 1, and may he suiuiuqj.. 
ised as follows : 


Watoi' (I 1 ■(>,■) 2-in 4-:U> (>'24 8’7() Iii-IM'. 

Freezing point HiH 15, 145 i:’!! 122 112 (.»!> dv ' 

Clumge of freezing 
point for 1 per 

cent, of water ... ll -l 11-4 KJ !) — 0'4 5-2" 


Fig. 1. 



It will be seen that the o is a very al)i'Uj)t change in tlte magnitude 
of the effect produced Ijy tlic addition of 1 ])er cent, of tvatot 
which at first lowers the freezing point hy ll'", hut afteiwimh 
only by about When plotted out. as in Fig. 1, tin* two mms 
(one of which appears to be accurately rectilinear) intersect aecumtcly 
at the transition temperatuii* of 12“)®. 
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Table I, 

Inidal Frecdng Point of Mixtures of Am?)wniin)i Nitrate ami Water 
{First Series). 

Tcu\])er- 



Temper - 

atnre of 

Initial 

Mean, 


Water. 

at are of 

ci-ystallis- 

fi'iH'/.injf 

Ibieor- 

Mean. 

per cent. 

dissolution. 

ation. 

))uin1 . 

reeli-d. 

(’one (tod 

4-30 

122-0-' 

lit)" 


120 

]00:- 


120-8 

lls-o 

HO-7 




120-4 

118-0 

11!) -.7 





120-.") 

!;{U-.7 

i;ii 

l:i:; 

i:t2-.i 

1 80 

];d-i> 



•ja)t 

m 

i4:i 

\v.\ 

1 4 ;! 

] m 


142-.I 

141 -a 

142 




144-0 

ll.'ir, 

144 



1 ■{).■) 

1.17-0 

1.02 -0 

1.74-.7 

1.74 

1.77 

1.14-0 

1.02-(l 





mr)-2 

i.".;m 




(,+ 

100-2 

10.8 -4 

]ti4-8 

1 ii.> 

loo 

1 00-8 

lfi2-0 

101-7 



G-24 

1H)'4 

10()-4 

lOS-4 

llu 

112 

1 i:l-o 

los-o 

1 lO-O 




ll.l-O 

]0!m; 

111-0 



Ot 

107-0 

Ki.VT 

100-0 

100 

170 


107-8 

10.7 0 

]0tl-4 



10-04 

UO-o 

0:!'2 

04-;i 

04 

0.7 



o:ro 

!ft-2 



S-70 

00-0 

00-0 

07-S 

OS 

00 


OT'O 

00- s 

07-2 




101 ■:} 

00-4 

(IS-S 



* Driial 

over snlphiiri 

ic .neid. 

t Dried ovt'i 

[■ ])hosj)h()i‘i(‘ 

oxide. 


Second Series of Measurements : 0' to 130"'. 

Il ilie .second .series of (’xp(‘rimcnts, the initial freezing point of 
mixtures of ainmoniiini nitrate and water was determined in a 
siiiiilar nianiier to that used for mcvasuring the molecular de]}ression 
of the freezing point in the Bta-kniann apparatus. Tlie apj)aratus 
consisted of a tube 6 inche.s hy 1 inch litted with a nd)h(‘r stopper 
carrying two thennoineters and a stirrer: the stirrer litted tightly 
in the rubber stopper and was lubricated by glycerol, d’he tube 
was immcr.scd in a well-stirred bath of water or oil, the temperature 
of which was read to liy means of a standard therniometer: 
auxiliary thennonieters for readijig the teni|)erature of the ex]w.sed 
thread of niercury were provided l>oth inside and outside the tube. 
The ammonium nitrate was recrystalliscd three times, and di'ied 
during three or four days, until it no longer caked when allowed 
to cool in a stop])ercd bottle. About 20 grams were ijitroduced 
into the tube, which w'as tlien cemked and weighed: distilled water 
was added and the tube again weighed after its tem})erature liad 
risen to that of the roo]n. The rubber stojip(‘[’ with the thermo- 
meters and st^’'rer was then inserted and the tube immersed in a 
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batli, which was heated to a temperature about 5*’ above the 
point of the inixturo, and then ahoM'ed to cool slowly whip. ||j,, 
mixture was stirred, The maxinuim teiujx'rature readied nftr,. 
crystallisation had started ^\ as recorded and the average taken (,f 
a series of concordant readings. It wa.s found that a small ((uaiiiitv 
of M'ater distilled off from the mixture and condensed on the .< 1 ^ 
of the tube. An attempt was made to sto]) this by providing' 
additional ,stop])er fitting like a piston immediately ahrao i|,, 
mixture, but this \\as not satisfactory. The moisture Avas tlu-K. 
fore eollected, ^^■ith suitable precautions, on a weigh(?d filtor-i.ia|,(-j._ 
and a corT*oction made for the water lost by tiie mixture, u.<iia)lr 
about O'Oo gram. A fresli mixture ^^■as made for each deloritiin. 
ation of the freezing iioint. The re.^^ults obtaimal are recorded iii 
Talile n. 

Taule TI. 


Inidnl Freezing Point of Mixlnrc^^ of Anunonium Miralc and llVe,. 
{Second Series). 


Per cent, of 
ainmojiiiiio 
iiitrnto ill 

Initial fr 

"czinr: point. 

It'l' C'OIlf . of 
finononiuiii 
iiitralc in 

initial fr 

pniiii 

liiud inix- 
tiire. 

( Tru-or- 
i>vtod.) 

( 'orn'ctfil 

final inix' 

lUl’C. 

( I’ni'or- 
roi'li'd.} 

Ciirn'rtt 

;in-T0 


(i-2" 

84' J 3 

72-2 

72-1 

(i-noi 

17-2 

l(i-0 

8()-.5() 

81-2 

Si -4 


24-8 

21-,5 

8(>'S4 

81-2 

SI-: 

71-0o 

32-15 


87-11 

S3 -2 

s:i'S 

71-84 

:u-4 

34-.3 

87-S4 

8.5-2 

8-5 'fi 

73-80 

38-2 

38-1 

SS-ftO 

89-9 

|U)-4 

7.5-71 

43-S 

43-7 

S!l-70 

92-8 

93-7 

78-04 

5l'5 

51-5 

fiMO 

99-2 

lUC'l 

78-80 

o5'2 

5.5'.> 

91 -Of) 

]i)()-0 


80-:^4 

.58-. 3 

.58-4 

9.5-23 

Ji9-f; 

I2(''S 

83-77 

70- S 

71-0 

97-14 

134-1 

13.5S 


s;)giO TI-:) TI4 


The second serie.s of measurements extends ovc'r a range uf 
temperatures which includes three transition The hniik 

at 125°, recorded in the first 8erje,s of measurements, is aceimUeh 
reproduced in the second sei'i('.s by drawing a straight line tbriiiig!! 
the freezing jioint of tlie dry salt at 170' and the experimental 
ob.servation at 136°. Tliere is, however, no sign of a break at S4 . 
although it is unlikely that either tlie y- or 8-form of the salt .diould 
be suppre.ssed in sucli a long scries of measurements; it would 
therefore appear that t le solubilities of the y- and 8-forms of the 
salt are not only identical at 84° but exhibit practically the same 
teinperaturo coefficient at this temperature, The curve is. how 
ever, remarkable in that it also passes witliout a break tiimup^ 
the transition temperature at 32°. In this case there eimi 
evidence that the freezing ijoints are tliose of y-animoniuin nitt-do 
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Twisting iu a nietastable form at lomperatiires; llio normal 

point, since in these lo^^'or ranges of tcm))er;itui-es scA'eral 
(leterminations of the solubility of tlie salf: are availabh?, and a 
dat^le measurement which mc made of the composition of a solution 
<nturated at the melting point, of ice agree.s closely with tlie vahua 
',4 per cent, of NH^*NO;^, given by i\[\iller and Kaufmann, Miiereas 
main freezing-])ojnt curve would intersiad the line of zero 
teinperature at a point corresiiondjiig with .47 pea’ cent, of Xir 4 -XO,j. 

The remainder of the equilibriuiii <liagrani can lx jilotted frrmi 
(lata already available, so as to give a set of curves covering llic 
\diole range from 0 to 100 jxa* caait. of ammonium nitrate, ^ric' 
eutectic temperature at — IT"" i.-;, 1io\v(;v(t, so elosc' to the transition 
temperature at — 10'’ that it is (juite likely that this eutectic is 
fur the eoimnoM rhombic form of the salt rather than for tin' 
[owdemperature tetragonal form. 

SuDOHfirii. 

1. The infiueiiee of water on the freezing ])oint of ammonium 
nitrate has been deteriniru'd from 170'" to Oh It is therefore 
|)u.ssible, with the help of earlier data, to plot a complete erpiilihrinm 
iliatn-ain for ammonium nitrate and water. 

The freezing-point curve .shoAvs a strongly-marked hrealc at 
and a small break at 32y but aj)pears to pa.ss smoothly thmugli 
the transition point at 8-1'’. 

3. Measurement.s have been made down to (k of tlu’ solubility 
of the y-foini of the salt, which is only slalhc between 32’ and 84 

The Chemical Lakor story, 

The Umveksitv, Caailuuuci'. [Iitci ircf.h Mitn'h ttu/A. i 

CX\—The Propertie'^ of Aoimonlum Nil rale. Pari Jll. 
Avnnoiiiinn Nitrate and Sodium Nitrate. 
by Kecinalu George Earta' and TtioAtAs Martin Lowry. 

A.moncst the saline impurities commonly found in eommercial 
ammonium nitrate, the most important is sodium nitrate, left 
behind by the incomplete conversion of the sodium salt into tlie 
ammonium salt in the process of manufaelure, In the course of 
the experiments on the freezimi point of ammouiiim nitrate (lb, 
HllO, 115, 1381), a fc w samples of commercial ammonium nitrate, 
in which the saline impurity was almost entirely confined to sodium 
nitrate, came under examination, and th(ur freezing points were 
determined in the same way as for the pure salt, with tlie following 
results. 
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(SocliuTn nitmte Freezing point Depression of 1 per c-ent • 
present. (after drying), freezing point. NaNQ ™ 

Sample 1 8'S p(‘r cent, l+a-ri^ 24' P 

.. 2 4-U „ „ la,) -) 14-1 -j.', 

:t ]'7 „ „ 1(14-U mO IMJ 

The.-^e three stiiiiples show a depression of about 3° for every 1 p^.,. 
cent, of sodium nitrate, hut I he values are probably too high [,]-j 
account of the p^^s(mee of small quantities of arnmoniuni ehlofid, 
of which, for example, sam])le .No. 3 contained 0'16 per cent, (ij 
order to seciin' (waet information as to the inlluenee of puri^ .sotliiim 
nitrate on ])ur(' ammonium nil rat an equilibrium diagram miv 
l)lottcd from 0 to 40 piu' cent, of sodium nitrate, and this diam-ain 
lias been compared with tliat of silver nitrate and annnoiiiiiin 
nitrate, for ^^']liell data liave been given by Zawidski (Z. phif.tiy 
Cheni., 19(14, 47, 7'21). Thes(‘ diagrams are of interest on account 
of the relat ionsitips whieli are involviul lietween the varioii.s foiTijs 
of the polymorphous nitrates. 

F] \ F E R 1 .M E X T A L. 

Freezing/ of .VDVpov.s' of Pure Ammonimn- anij Sodim 

Xilm(Fs\ 

In the present series of eNperiuients the freezing point.s of luixtiins 
of am mold inn and sodium nitrates, containing up to 49 per ('ciit, 
of the latter salt, were determined. TIk' apparatus was similar in 
that deiscribed in Part I for tlu' determination of the freezing iioiii! 
of aiiinionium nitrate, except tliat the outer hot -water jacket was 
dispensed with, the air-jacket between the large and small boiliiii;- 
tubes serving to jirevent tht' over-ra[)id cooling of the C(.)ntent.>i ef 
the smaller tube. This arrangement had the advantage that tlir 
fine crystals first ajijiearing in the melt “ could be detected niudi 
more readily than when an outer bath of liquid was u.sed. 

The metliod <.>f e.xperinient \\as as follows. Ammonium nitiato 
was weighed into tlii^ inner boiliiig-tiibc, and the (Exact quantity 
of sodium nitrate corresponding with a mixture of the required 
composition was weighed on a jiieco of glazed paper, the v’eiglit 
of the two salts being about 20 grams in each experiment. Tlie 
ammonium nitrate was melted over a small flame with constiuit 
stirring, and when c >rapletely molten the sodium nitrate 
-added slowly, and d.ssoived by continuous stirring and gentle 
heating. The tube and stirrer wTie clamped within the larger 
tube, a standard thermometer (graduated from 0'^ to 200" in iiftlid 
inserted, and the space lu'tueeu the two tubes closed at fne top 
with cotton- wool. The " melt was stirred and the tenqx'rature 
at which fine cry^stals first aj)[)(Err(‘d noted. The rate of cooHug 
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> then recorded, in order that any subsequent “ arrest ” might 
be detected; and stirring was continued until brouglit to a stop 
1)V the accumulation of solid matter in the tub(n The separation 
f the eutectic was usually preceded by overcooling, but the maxi- 
nuitii temperature followijig crystallisation could l)e observed 

.[Iv The observations were repeated after nnuelting carefully 
tiic contents of the tube before these lind cooled to the transition 
temperature at S4‘2°, Avhero an expansion occurs wliieb often Imrsts 
the tube. 

'Che results, which g(mcrally agreed within 1” in th(‘ case of the 
initial freezing points, and within one- or twodenths of a degree 
ill the ease of the eutectic arrests, are gi\'cn in Tabh^ I and are 
shown graphically in l^ig. 1. 

Fi.;, 1, 



Table 1. 


Inllial and Final Frazimj Points for Mixtures of Anunoniunt 
Nitrate and SodAun Nitrate, 


iVicctitap;o 

Initial 


I'eix-entaii'e 

Junial 


of sodhiru 

freezing 

K\iteelie 

of sodium 

fi'(“eziug 

Futeriie 

nil rate. 

[loint. 

arrest. 

Liitiale. 

point. 

arrest. 

IJ-O 

immv' 

Xnne 

ts-,-) 

i24:r 

12ti-s 



(a)si‘r\'e(l. 

20'U 

]2I-!i 

pjdS 

5-0 

1513-0 

Nnne 

220 

124-8 

]2i>-S 



observed. 

2;b0 

1 2()-ii 

120-t> 

lO'O 

144‘2 

iN(in(^ 

2;br) 

I2lt-1 

120-7 



observed. 

2ri-i) 

i:i:!-4 

120-8 

lo-O 

VI 2-0 


dd'O 

u:-u 

120-2 

17-5 

1 

120-1) 

4U-0 

174-2 

1 10-0 
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The composition of the mixture of ammonium and s A’ 
nitrates of lowest melting point, as deduced from the cur\-o ' ^ 
follows: 

Ammonium nitrate . . . 79*5 per coin 

Sodium nitrate . . . 2()'5 „ 

The eoiistant freezing ]>oint of this mixture may be taken as 
which is the mean of the six liigJiest values reoorded in Tabic II' 
The lower values arc i)robal>ly less accurate on aeeounl of tbt 
liability to overcooling, more especially in mixtures tiie coniposilKtiK 
of which are more removed from that of the eutectic. 

Jldthig Pot id of Ike ^-Form of Ammonium Nifmie, 

Fig, 1 is iiileresl ing in I wo respects, (i) in the straiglitnoss (,f 
the branches, and (ii) in the presence of a distinct break in ibc 
left-hand branch at about 126^, corresponding with the transition 
temperature at 125‘2"’. Zawiclski records a similar break at about 
12.V" in the curve showing the initial crystallising points of mixtuiK 
of ammonium nitrate and silver nitrate. The latter diagram show, 
two eutectic points connected by a convex curve, corrcspondlnj 
with tlie separation of the compound A'H^'NOgjAgXtV. : but liii 
two intersecting lines which show tlie separation, above and below 
12.3'^, of the e- and ^-furms of ajnmofiimn nitrate, and the line whicli 
shows the separation of silver nitrate at conceiitratiwiis nbovi 
dO moF. per cent. AgX 03 have the same rectilinear form a.s tlw 
three sections of the freezing-point curve in Fig. 1. Jf the Iki 
between 12.3' anti tlie first eutectic ])oint (lOl'd") on Zawidski'' 
curve produced l)ack to the temperature axis, it cuts thi.< at 
aljout 1.3.3'’; similar tnait nu'iit of tl)(' corresponding (but slKutcr 
branch in Fig. I gives att intercept at 1.36" approximately. Tk 
experimental evidence appears thendore to justify the view tiiatik 
extension of this branch to cut tlu* ajumunium jiitratf' a\;is, as shown 
by a broken line in Fig. 1, would give the temperature at wiiidi 
the mela.'^tal)lc b-form of ammonium nitrate would separate from 
tile molteii salt, and tiiat the melting oodit of form, wldl' )• 
ordinarily .^tat)le only between 84-2 ■’ and 12.3-2 , would be at 1.’).3 - 
1.3fiy if it could be hc'attai to this temperature without undeigoiig 
polymorphous change. 

H^wpcrimenl-^ on Ike LiOpoJijmorjjkiem of Ammonium ond Soiln'-H'- 
Xifmfes. 

The uiiivalent jutrates are remarkable for their readines.' to 
appear in several crystalline forms. Thus, ammonium nitmte 
is pcntamori'hous; lithium, rubidium, and thallium nitrates ai'f 
trimorplious ; potassium, caesium, and silver nitratc.s are dia^or- 
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plious: and sodium nitrate alone does not exhibit iJoIymorphism. 
xhe crystalline forms in which the various nitrates are known are 
.t't out below, together with the transitioii temperatures at which 
various forms ciiaiige into a new’ form on cooling. 

Am. I'l. Li. Xa. X. 

.Mi'hinjr point ITO’ 205’ 253’ 312’ 335’ 200’ ? 4M - 

Culm* ^ ^ " - — . . J n'l-. ^ i,i|. 

Toimgonal S 84-1'’ — --- — - _ — 

lUinnibo- 

Iir4i\i( 7*32-1' 7 :2'S'' y y y 120' yl50-(r y y 

Oriiioiiiomliie li — Jli'' — fi ■■ d S — 

* Lci'Iiaps iiionosyirimctrie. 

Ahliough sodium nitrate i.s known only in one form, this belongs 
to a sy.'^tein in which every one of tlic eight Jiitrates crystallises, 
with tlie pn.^.'^iblo exception of ammonium nitrate, it might 
therefore be expected that it would form isomorphous mixtures 
with most of the other nitrates; but there is in fact no ease in 
wliich a complete serie.s of isomorphous mixtures of sodium nitrate 
with another nitrate is known. I'hus, silver nitrate form.s two 
series of isoniorphous inixtiircs, giving ri.se to a broken freezing- 
point curve (His, sink, Z. physikaL Chan., IDl.K), 32, .537). In the 
case of })otassium nitrate, two serie.s tjf isomorplious mixtures are 
also formed, containing up to 12 [)er cent, of or 2(,l jjer cent, 

of XaXlXj, but these form a, eutectic mixture with one another 
(llis.^i?ik, he. ciL). With thallium nitrate and lithium nitrate, no 
isomorphous mixtures appear to be formed. 

Ammonium nil rale, on tlie other hand, foriiis a coiuplete scries 
of .solid soliilion.s with thallium nitrate, giving rise to a continuous 
frcezing-])oiut curve, corresponding witli tlie separation of cubic 
crvslaj.s tiirougliout. These? crystals break up w'hen the ammonium 
nitrale cliangcs into tlie tetragonal foi'in ; but since the transition 
pv'iius f)f anunouium nitrate at S4" and of tlialliuin nitrate at 8u 
an? miuually lowered when both salts are present, it is probalhe 
ihcK the riiombuhcdral arid the orthorhombic forms of the two 
salts may aJ.so l)i‘ i.stunorphons (Boks, Dl^s., Amsterdam, 1UU2). 
I.otavhum nitrale, on the other hand, lowers the trairsition point 
ato2 (Aliiller, Z. physikuJ. Chem., 189!), 31. 354), showing that this 
•'ail h isomorphous with ammonium niti’ate in tlie rhombohech*al 
/•forui, tmt tends to separate from it. on passing to the ortho*- 
diombiii [iT'orin ; this fact is important, since ammonium nitrate, 
"hen prepared from L'liile saltpetre, carries down witli it most of 
Lie potassium nitrale of the raw material. 

Xo complete investigation appears to have been made of the 
es->.,ible isopcl) .lioipliism of the ammonium and sodium salts. 
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The results of our experiments on the temperature of arrest of 
cooling in mixtures of ammonium and sodium nitrates are set om 
in Table il. 

Table II. 

xlrrex/ Points in Mixtures of Awmonium N Urate and iiodium 
Niirale,, 


IVrcoiitiigo of 
sodium iiiliato. 

€ to 5. 

Arrests in cooling from 

5 to 7 . 

7 to 5. 

la) Ankiidroas 

0 

12 o- 2 " 

84*2" 

32-2^ 

5 

12o-4 

83-t) 


10 

125*0 

8 :p:i 

:Ud) 

20 -O 

— 

82-0 

:u-4 

2 r) 

— 

82-5 

— 

(t) pn'aciti'c of 'Wtdci'. 

Pure AinXO., 

— 


:u-5 

^ NaNO., 

— 

— 

3t-4; 

i- 

— 

— 

30-2 


The transition tcniperaturcs of tlie anhydrous mixtures of salts 
were determined on blocks which had crystallised from the “ iiiflt," 
and were therefore subject to much more overcooling than in the 
case of the sludge of potedored ammonium nitrate with an organic 
liquid which was u.sed in determining the transition temperaturc« 
of the pure vSalt, It will be seen that the arrest at 125’2' is not 
lowered by the presence of sodium nitrate, up to 17 per cent, of 
NaXOg, where this ai-rest falls below the melting poini of the 
mixture. The arrest at 84 '2° is lowered by al)oiit a degree, Imt 
this is no more than the lowering by overcooling in pure amnion iiitti 
nitrate when allow ed to cool as a block instead (.)f as a, sludge. It is 
therefore clear tiiat neither tlie t- nor the o-form of anunojiium 
nitrate takes up enough sodium nitrate frmn tlie melt to affeet in 
transition into the S- or y-forni on cooling. 

The experiments on the cooling of blocks from the rmlt do not, 
liowever, afford any real information as to the jmssiblc isoniorphisiu 
of sodium nitrate witli y- or p-ainmonium nitrate, since if these 
two salts cr 3 ^stallise from the melt as sejiarate phase.s they tvill 
remain separate at lower temperatures, and no alteration of the 
32® transition point can be expected. In order to get the aiiimoniuiu 
nitrate to crystallise out in the y- or p-form from a mixture con- 
taining sodium nitrate it is necessary to make use of a solvent. 

'~'A sludge of ammonium nitrate and water ^^■a.s therefore cooled 
from about 80® and its transition temperature at 32® determined 
as in Muller’s experiments on potassium nitrate {he. eii.). The u^e 
of alcohol instead of water in making the sludge increased the 
overcooling, and no improvement was effected by adding ammonia : 
but a definite diminution of overcooling was effected by adding 
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iiitric acid to the water used in making the sludge. The table 
shows an overcooling of 0*6® in the case of pure ammonium nitrate, 
but this was only increased by O'Oo® by the presence of 10 per 
cent, of sodium nitrate, whereas 0'5 per cent, of potassium nitrate 
lowered the transition temperature by 1-3". It i.s therefore clear 
that sodium nitrate is not isomorphous with the y-form of ammonium 
nitrate; and since it is well known that ammonium nitrate does 
not carry down sodium nitrate when it separato.s from water below 
32^ there is also no isomorplnsm witJi the [i-forin of tlie salt. 


Rummary. 

1. All equilibrium diagram has been plotted for aminoninm 
nitrate and sodium nitrate from 0 to 40 per cent, of XaXO^. 

2. The freezing-point curve coasists of three accurately recti- 
linear sections corresponding with the erystalli.sation, of two forms 
of ammonium nitrate and the one form of sodium nitrate. 

3. if the line which show.s the temperature of crystallisation of 
the ^'fonn of ammonium nitrate is produced, it cuts tlie axis of 
temperature at -f 156®. A similar \'a.liie can be deduced from the 
fiming-point diagram for ammonium nitrate with silver nitrate. 
This temperature may therefore be taken as the melting point of 
the inetastable S-form of ammonium nitrate. 

I. The eutectic point for the two salts has been located at 12((-8®, 
and 20‘o per cent, of sodium nitrate. 

5. Xo evidence of isomorphism between tlie two salts has been 
discovered, 

Tiir; Chemical bAHOKATmiv, 
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Xru' from Castela 

Xicholisoni, 

By Lori.s Pierre Bo.sman. 

Castda Xicholsoni (Torrey and Gray) belongs to the natural order 
of Simaruhacm\ It is also known as ” Cdiaparro Amargosa'* 
or '‘Hitter Bush.'' Tlie dimarifbacece are well nqu-e-sented in 
Mexico, Texas, Guiana, and Venezuela, on tbe one Jiand, and- 
also ill China, India, and Australia, on tlie (.)tliei’. Jn China, tliere 
are no fewer than tivi* representatives of the genus Brucca (Power 
and Lees, Phar^ti. J., 1903, [iv], 17, 183), There seems to Iiave 
Oeen some doubt as to the exact bntanieal classilieatioii of this 
'^hrub; but that A Torrey ami Gray [CmUla Sirholsoni) has been 
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accepted by Nixon (J. Amer. Med. ^55oc., 1916, 61 , 046), and},. 
Watson and Mclver [J, Pham. Expi. Ther., 1913, 11 , 331). 

The natives of China, Mexico, and Texas have for centm-ie'j 
used decoctions of the Simambacece as remedies for dyscmx.i.^.' 
rabies, yellow fever, and malaria. The medicinal value of thej 
herbs attraeted the attention of the physicians in Texa.s (/or. rit . 
and of Sherpheard and Lillie {Prcscriber, 1918, 96). 

Up to the present nothing has been published as to the 
nature of the active principle of Casfda Nichokoni, 
reported to have isolat(?d a glucoside many years ago, hut 
report has been refuted (presumably by himself) (AVoe Jlfuif-!:,.. 
1883, 12 , 102). A glucoside is, however, present, and the aiKiiin- 
proposes to assign to it the name casldin, and casfela<jcii(.; (o j;. 
prodiict of hydrolysis. 

Associated wif:h CJislclin (here is a “ bitter princijile," to whu-ji 
the author assigns the name caslelamaxi n . ddie bark of 
amara, of the same natairal order, also contains a biller 
vhich is of tlmrapeutic value, (hiling {Pharm. 10t)8, [ivl 2ti. 
510) assigned tlie formula Co^H^fjOg to it. 

L X 3^ E R I E X T A T.. 

The herb may be extracted by continuous aqueous or aleokiii;- 
percolation. On concentration of the extract, eastelainarin 
ates, and on concentration of the mother'li((nor, ea.stelin is oinaiir !. 

Casteliii is pnrilied by re])eated crystallisation from water, .ho; 
which it se])arates in long, \\’hito mecdles coiitainiiig 3ll.)lt u\. i'. 
205^ (anhydrous). It dissolves in 85 ])arts of water at ruuai t'V- 
peratnre, and in 25 parts at lOdh It is more soluble iti ciiw 
alcohol or cold concentrated hydrochloric acid, and .givt's a doi 
violet coloration witli concciitrated siilphui’ic acid. The aiiliyeiMih 
substance is very liygroscujhc, taking up S per cent, of i!s wciai:* 
of water on exposure to air for one hour (Found : lUO ai 1:1'* 
144. CijIUOgjSlLO requires HA) ^ 144 per etuit. Foiiiid : ii. 
anhydrous material, C -- 54-7, 54-7 ; 11 - - 07, O-S. 

requires C 54-(i ; II =: 6-7 per cent.). The nmleciilar 
was determined in boiling ethyl alcohol ( Walkcrdmmsden a iqjaniUi': 

= 1*2124, y 15'5, A/ — 0-035- wliencc M Uik., 
M = 330). 

Castelin is dextrorotatory, having [a]u+62*9' in aqiiccU’ 
solution. 

Hydrolysis of Caslciin . — Castelin is readily hydrolysed by dilut'' 
acids and allialis; 20 per cent, hydrochloric acid is tlu'. luosi sati- 
factory hydrolysing agent. The yield is rather low (20 per ceat.)' 
in one case only did it exceed this. Two grams of castclai au 



CA-STELIK, A NEW GLtJCOSIBE FROM CASTRLA NICHOLSON!. 971 

boiled under reflux for two and a half hours with 40 c.c. of 20 per 
cent, hydrochlorio acid, and castela/jenin separates in large, colour- 
less prisms, a further (piantity Ijcing deposifci'd if Uie solution is 
kept over-night; the total ^deld is 0-4 142 gram. 

Castelagenin is readily soluble in boiling glacial acetic a(;i,d, from 
u'hieh it cr 3 ^stalliscs in a pure condition. It is insoluljlc in chloro- 
form, ctlier, or acetoru^, but freely soluble in warm methyl or ethyl 
alcohol, it melts at 240 — 241°, and gives no eoh)ration witli 
concentrated sulphuric acid (Found: C -- (U-5, 01-4; H ^ 6-8, 
6'IK requires (l'~()4-3; H -= 7-1 per cent. Found : 

in boiling aieohol Jbe ^ OdFiOO, r ^ 12, A/ - 0’()7"J, .1/ 191. 
bale., M - 108 ). 

As castelagenin is soluble^, in cold ]>lmn(.)l, altcnipts have hecn 
made to verify thi.s ri'sult cryoscopieally. The averag(' of a sfuhs 
(if determinations is 90. Idiis is in accordance witli Uh' e.xperienee 
(if 8oel and Kclber {IjfJr., 191G, 49 , 2304), wiio, for aloin and some 
(if its oxidalion products, found cryoscopieally in ])]ieiinl solution 
(.illy half the com'ct moleeular weights, whicli wt-n^ obtaimsd 
cbullioscnpically in acadone and in (dliyl aicoliol. 

Castelagenin is dextrorotatory, J- :,9A Its reactions wirli 
sodium hvdroxide and sodium carlionatc indicate that it is lackmie 
in iiatiiO'. On oxidation with 30 |)(t cent, nitric acid at loOq 
fiistplagenin yudds a minute quantity of a crystalline acid, ni, p. 
12:^—129°, which is moderately snliilile in ether, Loves the tluorcsca in 
ivactiou. and ajipears to be a diearboxylie acid. Oxidation witii 
acid cr alkaline permanganate yiidds a similar product. A verv 
little quantity ('>f oa.stelin faa’ng available, the oxidation product of 
(‘astelagenin was obtained in so small anmunt that no definit ■ 
conclusions eould bo drawn as to its chemical iialiire. For tie- 
present, tlio author can only stat(' that he strongly suspects it t.> 
be a substituted siu'cinie arid. 

Castelagenin ha.s lieeii subjected to fusion with jxitassinm hvdr- 
oxide, to hromiiiation. and to niethylatioii. .A eni’cful examination 
of tlu^ products, however, rt'veals nothing detijiite. 

The mother-liquor of tlie castelagenin has been examimHl as to 
the nature of the sugar (or sugars) which is formed on the liydroh'sis 
uf castelin, 4 he osazone has lieen prej)ared. and reerystallised 
from p\n-idine. The crvstals air identical in s]Ki])e with tin we of 
glucosazonc, and medi at 297 — 299°. A quantitative ('stimatimi of 
the glnecase d<H's not yield eoneordaiU resulT-re 

la (umcdusioi], the author takes Itiis opportmiity of thanking 
I'l'of. Oecj. Barger, F.H.8.. for his intere.st and as,sist:uice in this 
research. T1 author is also very gi’atcful to the department of 
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Scientific and Industrial Researcli for the financial assistance 
rendered while he was doing research work at the Kdiiibur^jj 
University. '■ 

Drpaiitmknt or Medical Chemistry, 

EDixm^RGH Uis’ivERSiTY. [ReccircJ, Febnim'y 2\d, lC(2-> ■ 


C\\ll~PohjmoYfhism of Arsenic. 

By Porphyry Nicola evttck Laschtschekko. 

Arsenic, like phosphorus, is known in three modifications: 
crystalline, yellow and metallic arsenic, and one amorphous. Th 
last variety has becji least investigated. It is produced from 
yellow arsenic under the influence of light, by reduction of arscnioiis 
oxide, and also by sublimation of metallic arsenic. In the kii 
method of preparation, there appear in order a mirror-like deposit 
dark brown .specks, and a grey crust, this lieing most remote from 
the source of heat. 

The majority of authors deny the existence of two luodiflcatioiis 
of amorplioiis arsenic. Erdmann and Reppert {Annalen, ]9(is 
361 , 6) regard brown arsenic as the ainorphoiis variety, of deiisitr 
(at 15^) 3'70, and deem the grey one an individual crystalliiii- 
modification, of density 4*(U. Besides differenee in form, colour, 
and density, Erdmann (“ Lrdirbtich der a norganiseheu Chomif,' 
1910, p. lUO) attrilnites to Ihmn difiereiit molecular compositions - 
Asg for the brown, and As., for the grey Jirsenie — and give.s ISO' as 
the transition })oiut of the brown and tln^ grey forms. 

According to Bettendorf {Anuoh’U, 1807, 117 , 110) and Kngfl 
[Compt. reiff]., l8So, 93 , 497, 1914) amorphous arsenic at 36(jMs 
tran.sformed iri'e\'tM'sil)ly and witli considerable developmenl ol 
heat into the rmdallic form; Erdmann and Reppert {loc. c//.) refer 
the .same point to 90)U. dolibois {('oNipt. rend., 1911, 152 , Rfii! 
and Oanbeau {IhitL, 1914, 158 , 121) determine tlie point of irrever- 
sible transformation i)oth of brown and grey arsenic at 270--280. 

Discrepancies such as tiiese, and the want of definite knowkke 
of the temperature and the heat of transition of metallic arj^eiiic 
into the yellow niodiflcation, and also of the amorphous into tlie 
•metallic form, furthermore, the interest attaching to the eoui- 
paratively little investigated irreversible (monotropic) type o. 
transformation, and the uncertainty^ of the data coiicerniug tlit; 
heat of fusion of arsenic, all tlu?so led the author to investigaU' 
the polynn>rphism of arsenic, The method adopted, coiisistui!; 
in the detcrjniuation of tiic amount of heat evolved during the 
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cooling of a polymorphous substance, scaled in a quartz -glass tube, 
fi-oiu various high temperatures down to that of the calorimeter! 
was first employed by Le Chatelier {CornpL mid., 1908, 147, 58) 
aiul has been, described iii detail in the aiitlior s jirev^ious papers 
ij. Uuss. Phjs. Chim. Soc., 1910, 42, 1604; 1911, 43, 703; 1913, 
45,552; 1914,46,311). 


E X P E K 1 M E N T A L. 

The mcfallic arsenic used was purified by sui)!imalion in a vacuum. 
Its density, dl* 5-7301, was in fair agiX'Cinetit with the values 
recorded in the literature (Moissan, 1 raite de eliimiti niinerale,” 
T SOS). The amorphous arsenic uas [)re[)are(l by reduction with 
tin of arseiiious oxide dissolved in coJicentratc^d h\'droehloric acid, 
its density, d\l' 3-693, was determined pyknonietrically in a mixture 
of spirit and w'atcr. 

The results of ineasurenionls of the heat (evolved on cooling 
are given in Tables 1 and 11; in the lirst cohinin arc' given the 
temperatures to which the arsenic had been hcuited, and in the 
second the amounts of heat [Q] evoh'ed during the cooling of 
] gram of arsenic. 

T-Aulf T. 


Heat evolved on coolin' 
perature oi 

Temp. 

Q (cal.). 

Temp. 

\:r 

17-25 

308" 

19ti 

18-10 

317 

21(> 

19'25 

332 

217 

19-90 

354 

250 

21-54 

370 

258 

■21-92 

400 

300 

25-00 

414 


[T of metallic arscuiic. T 
the caloriincfcT — 11 — 1 


Qicnl], 

Temp. 

Q (cal.) 

25-27 

43, y- 

3.7‘08 

20-58 

450 

3.3-14 

27-00 

475 

37-92 

27-07 

538 

44-07 

2S-<)0 

595 

50-01 

30- S2 

02 S 

53-44 

34-00 

05il 

57-31 


he highest tera- 


Temj). 

Q {ral.) 

082'^ 

.57-75 

714 

02-00 

738 

62- 03 

750 

72-01 


74-00 

822 

70-46 

808 

130‘7G 

895 

108-05 


Table II. 

Heat evolved on cooling of amorplious arsenic. The highest 
temperature of the calorimeter ^ 14 — 15 A 


Temp. 

Q (cal.). 

’rem[;. 

Q (cal.). 

Temp. 

Q (cal.; 

173" 

20-30 

270- 

44'08 

330^ 

4T31 

194 

28-28 

283 

43-07 

3 45 

37*58 

221 

248 

30-44 

304 

42-20 

372 

30T5 

30 '24 

315 

41-50 




Ihe curve.s expressing the relation bet ween the amount of heat, 
f'volvcd and the temperature are represented in Fig. 1. 

metallic^ arsenit^ (cr) a break in the curve occurs 
at 738—750 , and hctweeiL 822 — SOS' a .sudden increase in the 
amount of heat evolved, owing certainly to fusion of arsenic, is 
0 le noted, observations of the melting point of arsenic 
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were made by Landolt (1859) and Mellet (1872), who located thi? 
temperature between the melting points of antimony and sih-ff 
(Moissan, op. at.). In good agreement with this is Jonker's ^tat? 
meat (^. anorg, Ckan., 1909, 62, 91) that arsenic heated in asi-alfcj 
quartz-glass tube does not show any sign of fusioii at 800'\ Hr^. 


Fiu. 



h. m i}(.)-iilur> . 


'ever, (xunlz and lh'unie\\>.ki Xw. chiin., 1907, fiv], 1. 

deny the deHnite fusion poitd: of arsenic. Schemtschu^diir' 
(./. Rim. Php<i. (^heot. Soc., 1907, 39, 1403) found that ar^ciii' 
melts at about 024“, Other melting points recorded are ISO' 
Krdmann {op. c//.), S50“ — 10'^ by dolibois {Joe. cii.), and Sb 
Gaiibeaii {loc. at.). The value deduced from measurements ot 


lasohtschenko * polymorphism op arsexic. 


97r, 

the heat evolved on cooling (Fig. 1, a) is in good agreement witli 
the last two observations. 

Tlio latent heat of fusion of arsenic is unknown, and a particular 
aitlieiilty attemls its determination. When sublimed in a sealed 
tube, cirsonic melts when its boiling point docs not coincide with 
tiie tciu[>eraturc of fusion; in other words, at tliis temperature 
uo Jiave to deal with a triple point in the system : solid, lirjuid, 
and ga.scoiis arsenic. Above this point, we have in a sealed tube 
a liquefied vapour of arsenic. At temperatures above H()8 (Table 1) 
tiie heat evolved on cooling increased very rapidly and irregularly 
and the experiments had to bo di.seontinued because the tubes 
burst when placed in the calorimeter, diffusing a strong smell of 
garlic. Ihis observation is notew'orthy, as this oliaracteri-stic 
fiueil is evidence of the presence of yellow' arsenic. 

Bettendorf (loc. cit.) observed the formation of the yellow modili- 
rationwhen metallic arsenic wa.s iicated at a temperature near tJie 
melting point, but more exact information is wvinling; the curve in 
Fig. I locate.s thi.s point of transition of metallic into yellow arsenic 
between and ToOy whore the heat change amounts to about 
; calorie-s per gram. Tlu; lieat change at 024" observed by 
Sohemtschuschny {loc. ciL), who heated arsenic above 700", is 
[U'ohably attributable to this transition, for it caimot, as he 
iiipposcd, lie due to heat of fusion. 

Taming to the curve for amorphous arsenic (Fig. 1, 6) it is at 
|onec cufloiit that its general form is typical of moiiotropic trans- 
iformaiioii. File same type of curve w'as olitained (•/. Ituss. Phy-^~ 
hoc., 1011, 43, 793) in investigations of the transformation 
| 0 f aiagonitc into ealcitc. In this case, the quantities of heat 
jgivea out by aragonite and calcite on cooling from about 400^ 
|aH- piacticaliy identical. At 44-3", however, a distinct separation of 
jtlic curves occurs ; the Jieat evolved on coohng of aragonite increases 
jrapidly until the temperature reaches 460— 4t)oy but at 470" the 
jC'Uu. ag.ain coincides witli that of calcittn The attempt to trace 
hic portion of the curve from the maximum to the points of coincid- 
failed, but here, on the curve for amorphous arsenic, a series 
pi mtermediate jioints was observed, furnishing evidence of the 
.^nidual transformation. 

: iiie change was also indicated by dctcrmiiialions of the density 
01 amorphous arsenic which had been healed in sealed quartz-glass, 
a ami rapidly cooled to lo''’. The results are as foUow's ; — 

255 ^ 275 ^ 400 ^ 

:P(i<)S a.i)74 4..,4J 5 . 3^5 

Ihe coiie.>poiHiing curve (Fig. 1, 0 ) i.> continuous, becoming 

fizoritai at .,0 . j\^[ •2~0 — 280"' the density of amorphous 
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arsenic is eq^ual to that of the grey modification, and at 36()= 
that of the metallic form. 

The temperatures of transformation of amorphous arsenic into 
metallic arsenic recorded by Kngel (360®) and by JolibrtU and 
Gaubeaii (270—280®) (sec above) correspond respectively wit!, 
the maximum point and tlie point of coincidence on tlic curve i 
(Fig. 1). 

The questions now arise, Which of these points is the transition 
temperature ? What is the nature of amorphous arsenic 1 Wtat 
is the way of its irreversible and exothermic transformatiun img 
the metallic modification ? 

The close analogy betAveen tlic polymorphism of arsenic and 
phosphorus suggests at once that, as in the case of red phosphorus 
(Cohen and die, Z, physikal. Cliem,, 1910, 71, 1), amorphnu; 
arsenic is a solid solution of the yellow and metallic forms. Thh 
view is supported not only by the change of density of amorphou; 
arsenic with temperature (see above), but also by Engers experi- 
ments {loc. cit.) on its sublimation. Ho found that tlie subliioation 
temperature of amorphous arsenic in a vacuum is 2C0®, whik 
that of metallic arsenic is 4o0® (Conechy) or 616® {Jonker}; ai 
360® sublimation ceases, but transformation of the ainorpliiiii« 
into tlic metallic form may be effected by sufficiently pioloiigd 
sublimation at 310®. The deduction from the.se ob-servatioiu, 
Avhich are analogous to those of Chapman for red phosphorus 
(Cohen and die, loc. cit., p. 16), is that distillation of the lunro 
volatile component of a solid solution occurs and that nietallit 
arsenic, which is non-volatile at this temperature, remains, la 
favour of this supposition is the fact that the density of bixra 
(3’7) and grey (4-6) arsenic is the mean of the densities of tk 
yellow (2-0; Krdmami) and metallic (5-7) forms. 

The transformation of amorphous arsenic into metallic arsenic 
is, however, quite irreversible and consequently the most imponaut 
feature of the supposed dynamical allotropy — Asyeuow ^ 
namely, the reversibility, is absent. 

Erdmann’s hypothesis, that brown arsenic passes into the metaiiif 
form with intermediate production of the grey modification at 
180®, the metal lie form being ultimately obtained at 303 - 
Asg Asg — > Asg— is not tenable because first, there is groat 
■' doubt as to the existence of a critical point at 180 ' for amorphofc 
arsenic, and, secondly, the hypothesis that such oonipo-sition? 
may be assigned to the brown, grey, and metalhc modificationi 
of arsenic itself needs proof. 

The relation between amorphous and metallic arsenic there- 
fore remains an open question. The solution of the problci^' 
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xvoiild^ however, appear to be closely connected with our con- 
centioiis of the amorphous state of matter. The modern colloid 
chUist denies the existence of an amorphous state of matter. 
Ill his view, amorphous substances arc constituted of indefinitely 
crvstalline individuals that have not yet attained their full form. 
Siiob cryptocrystalline ” structure, which is optically indetect- 
able, has been attributed by some authors (Retgers, Linck, Cohen, 
Erdmann) both to amorphous arsenic and amorphous (red) 
phosphorus. However this may be, tliere is no doubt that the 
aniorphism of brown arsenic, as ^vell as of red phosphorus, is, not 
its primary, but its secondary state ; the first product of the action 
of light on yellow arsenic or white phosphorus i.s colloidal. So 
also, amorphous arsenic is prepared by a method of reduction 
favourable to sol formation, and in the presence of stannous 
chloride the coagulation of this sol to dark brown flakes with 
a red lint can be observed. With regard to the grey variety, it 
is rcniarkahle that it always appears as the secondary phase in 
the formation of amorphous arsenic. In this connexion Kngel's 
remark {loc. c/V.) deserves particular attention : grey arsenic is 
similar to the brown, but is composed of less dispersed particles. 
This is the more probable, since brown arsenic is to some extent 
soluble in carbon disulphide (Erdmann, loc. cit.), whereas the grey 
modification is quite insoluble. Regarded from this point of 
view, grey arsenic is not an allot ropic modification at all, but is 
merely a stage in the continuous passage of arsenic from the 
colloidal state to the crystalline, a phenomenon observable in a 
number of cases and realisable experimentally (Janek, Text- 
book of Colloid Chemistry,” Fetrograd, 1915, pp, 141 — 150). The 
production of grey arsenic from the brown form by healing is 
a step in the process; it occurs, as has been shown, just when the 
vapour ymessure of amorphous arsenic becomes determinable and 
sublimation begins. 

It was mentioned above that Erdmann records 303^ as the 
temperature of transformation of amorphous arsenic, as at this 
temperature electrical conductivity become.^ apparent in the 
amorphous modification. Rejjeatiiig these experiments, the author 
found that this point rlcpends on the conditions of heating and 
on the form and tlie distance apart of the electrode.^, and is deter- 
mined by the formation cm the inner walls of the electrolytic tiilA*. 
of a very thin, mirror-like deposit by means of which contact is 
made; the contents of the tube consist of a baked, brittle, dark- 
grey mass, of density almost equal to that of grey arsenic. Thus, 
together with sublimation of amorphous arsenic in a sealed tube, 
there is the appearance of the first minute crystals of the metallic 
VOL. CXXI. M M 
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form. This occurs at 270 — 280'", the maximum point on 
curve b (Fig. 1). Above this temperature, the transforniat^ 
proceeds by distillation of the luetastable phase of the amorptQy^ 
arsenic and condensation of the vapour in the fortn of the stabb 
metallic modification. Tliis continues up to 360^, at whicli tcin 
perature sublimation of the mctastable phase ceases and tlie proc^^ 
of irreversible and exothermic transformation is practically finished 

Ph.YS 1C.'\.L (^IfFOtTSTRV LaUORATORY, rOLYTE(’l[NIC INSTITUTE, 

Nowocerkassk, Sui.’tfi Russia. [Ri:Qdv(:(l, February 


CXIV .— of Thi mid Lend. Part I 
Application of Lead and Tin Tetmplienyls in (L 
Preparation of Or(jano-7netaUic Compoimd.s, 

By Archibald Edwin Goddard, Julius Nichohson Asiilia, 
and Kichard Bromley Evans. 

It has recently been .siiown (Goddard and Goddard, ibis vnl,, 
p. 2o(}) that lead and tin tcdrajihcnyls can be used for tlie prepar- 
ation of thallium diphenyl chloride, and experinumts have now been 
carried out with the object of ascertaining whether this type of 
reaction could be utilised in the preparation of organo-nietallio 
compounds wliicli are difficult to isolate by the usual mctlinds. 

Lead tctraphenyl and arsenic trichloride react to form rliphenvl- 
arsenious chloride, according to tlie ocpiation Ph^Pb j - Asf'L := 
PhgPbCh^ + PIl^AsCI All previous methods used to obtain lliij 
oompound yield it only as a by-product (Michaelis and La Coste; 
Annaten, 1880, 201 , iofi; Miehaelis and Link, ibid., 1881, 207, 
195; Michaelis and Keese, Ber., 1882, 15 , 2873; Boeder and 
Blase, ibid., 1914, 47, 2750). 

The tendency shown by arsenic to give mono* or tri-aryl com- 
pounds, and not diaryl derivatives, is again in evidence with 
antimony. The latter type of compound has now been obtained 
directly by the following reactions: (1) PhjPbASbUj- 
PhgPbCl^ -f rh2SbCl, (2) Ph^Pb + SbCl^ = Ph.^PbCfi -b PlnSbCls 
(compare Michaelis and Reese, Annalen, 1886, 233, 58; Hasi'ii- 
bciumer, Ber., 1898, 31 , 2911). 

A similar reaction takes place with bismuth bromide, lead 
diphenyl chloride and diphenylbromobismuthine resulting; the 
latter compound has been previously obtained by Michaelis and 
Marquardt {Annalen, 1889, 251 , 327) by the interaction of bismuth 
bromide and triphenylbismuthine. 
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Of the chlorides of Group VI, tellurium tetrachloride was the 
only one to yield definite products, tellurium diphenyl chloride 
and lead diphenyl chloride being obtained (compare Krafft and 
hyoiis, 1804-, 27 , 1/Gl , Lcderor, 7icr., 1011, 44 , 2287 ; 
1912,391,326). 

The interaction of lead tetraplicnyl and stannic chloride, and 
sub:^cquent treatment with winter, lead to the ])V()diiction of lead 
diphenyl chloride, tin diphenyl hydroxychloride and oxide; but 
Stannous chloride reacted as follows : (I) Ph^Pb | 28iiCl2,2H;,0 ^ 
PliJdiCla + Ph2SnCl2 -f Sn j- 2H2(), (2) Ph^SnCl^ H- - 
PluSnCl-OH + HCI, (3) Sn + 2HC1 - SnCl^ + Tin tetra- 
plicnyl and stannic chloride, when caused to react as above, gave 
a thenretical yield of tin diphenyl hydroxychloride^ (see Aronheim, 
Anmlen, 1878, 194 , 146). 

The following compounds gav(> no products ^\ith lead tetra- 
plicnyl under the same conditions of experiment : phosphorus 
tri- or penta-chloride, mercuric or lead chloride, thionyl or acetyl 
chloride, although in the latter case heat was developed, nor were 
derivari^TS isolated from tin tctraphenyl and the chlorides of 
mercury or sulphur. 

Polls {Bcr., 1887, 20, 3331) showed that lead tctrajdieriyl, wlien 
boiled for some time ^vitll acetic acid in benzene solution, gives 
rise to lead diplienyl acetate, but tin* authors have failed to obtain 
the same result with tin tctraphenyl. Py the action of propionic 
and valeric acids in xylene solution, acid lead diphenyl propionat& 
and lead diphenyl vakrale ^^’ere isolated. Only unchanged lead 
tctraphenyl was recovered when ?i-hexoie, n-octoic, mono- or 
di-cliloroacetic acid was used, and lead diphenyl oxide did not 
react mth citric or tartaric acid. The following salts were isolated : 
md had diphenyl tricMoroaccfatc, oxalafe, iodale, and p-nitrobenzoafe. 
Other investigations of this type are being carried out in the 
aliphatic scries, and also with mixed tetra-alkjds, tetra-aryls, and 
alkyl aryls of tin and lead. 

K X P E K I .M E N T A L. 

All the yields given in the following experiments are based on 
the weight of metallic chloride used. 

Diphenylarsenwus Chloride. — Three grams of lead tctraphenyl 
and M3 grams of arsenic trichloride in 30 c.c. of toluene were 
heated under reflux for one hour, and after standing for twelve 
hours the solution was again warmed and filtered. The residue 
(2'.34 grams) consisled of lead diphenyl chloride, and evaporation 
of the filtrate gave 1-5 grams of an oil, identified as diphcnyl- 
arsenious chloride (yield 91 ])et' cent,). From the latter, by 

M 2 
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chlorination and twice rccrystalli^ing from Ix'iizcjie, mstfilt; of 
diphenylarsenious trichloride, in. p. 174^ were obtained, 

Diphaiylsiibme Lead tetraplienyl (3-27 grams) aurj 

1'44 grams of antimony trichloride were heated under relliix with 
5 c.c. of toluene for half an hour, when a solid mass resulted, vviuch 
was treated u'ith a further 15 c.c, of toluene and heated affair 
.^fter cooling and hitering, 2-55 grams of residue, molting above 280', 
were obtained (lead diphenyl chloride), whilst the filtrate, alter 
removal of the toluene, gave LSI grams of diphenylstibiiic chlundf. 
in the form of an oil ( 3 ueld 132 per cent.). The latter product wa,^ 
chlorinated in diy ether and the mass recrysiallised from Ittclro. 
chloric acid, nhen diphenylstibiiic trichloride, m. p. 17(35 wa.. 
isolated, 

Diphenylstibine Trichloride . — A mixture of 2-8S grams of lead 
tetra])heuyl and 1-07 grams of antimony f)entacliloride in -iU c/j, 
of carbon tetrachloride was boilc'd for one hour, then filtered bot. 
The residue (o-87 grams), which did not melt coinplotcly at Ltr, 
^vas boiled with hydrochloric acid and filtc'rcd; lead (li|)lu‘mi 
chloride (2-4 grams) remained, and the hydrochlunc acid lilirav; 
dcpo.sited 1-3 grams of diphenylstibine trichloride, m. p. IPj-, 
The carbon tetrachloride lilt rate yielded a further 0-4 gram of tlit 
trichloride (total yield 81 per cent.). 

Diphcnylbromobismuihiiic. — Three grams of lead tctraphonyl 
and 2-61 grams of bismuth bromide wc^re heated under rellux 
with 30 c.e. of chloroform for half an hour, and the mixture waj 
liltered hot. The residue (1-28 grams) consisted of lead diphenyi 
bromide, and evaporation of the tilt rate gave a residue, from 
which a further 1-4 grams w as extracted, together with T95 grams 
of diphenylbromohismuthine, m. p. 157—158'' (yield 75-4 per cent.!. 

Tellurium Diphenyl tVdorirfe.— Tellurium tetrachloride (2-7 graiiii) 
and 5’2 grams of lead tctraphenyl in a mixture of 40 c.c, of tulueni: 
and 10 c.c, of xylene were boiled for one hour. After tiltratioii 
the residue was extracted with methyl alcohol, when 0-3 gram of 
tellurium diphenyl chloride vas obtained. The solid left after 
this extraction (3-5 grams) vas lead diphenyl chloride. Ibr 
original filtrate on evaporation yielded 2-1) grams of solid, ^vhioi 
were almost completely soluble in nuThyl alcohol, Ujc solution 
depositing 1-47 grams of pure teliurium diirhcnyi chloride, m. ]>■ 
160—11)1". The small C[uantity of substance iiusoluble in nietiiyl 
alcohol appeared to be metallic tellurium. The above telluriani 
compound, on boiling with water, gave tellurium diphenyl liydiuyv- 
chloride, m. p, 233 — 234'" (yield 50 per cent.). 

Aetiou of Siamiic Chloride on (a) Lead TelraphenyJ, (b) 
TeirapheriyL~-[a) A mixture of 3-5 grams of lead tetrapheuy 
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and 1*72 grams of stannic chloride in 30 c.c. of tohieno was boiled 
for forty jninutes. After filtering, a residue of 2-9 grams of lead 
jiphenyl chloride was obtained, and the filtrate, on evaporation and 
(iddition of boiling water, gave a small quantity of tin diphcirvi 
livdroxyehloride, m. p. IS.jy On evaporation to dryness, 1-i) 
(vraiiis of till diphenyl oxide remained. 

" {h) Tin tetraphcnyl (1-5 grams) and Od)l gram of .stannic chloride 
^vere heated under reflux in xylene for threc'-quartias; of an hour. 
The residue (0-11 grain) wa.s inoigHiiie, and the filtrate, after 
evaporation and treatment, with water, yielded fi-03 gram of tin 
diphenyl hydroxide, m. j). ]88h The ])rodi]ction of the latter 
being due to the added water, tin dipluMiyl eh!orid(‘ wa.s evidently 
formed in the reaction. 

Jedon of Stannous (SdoruJu on Lead 7V7re/////e/qy/— Three grams 
of lead tetraphcnyl and 2- 12 grams of stannou.s chloride (-hilH.hJ) 
in 30 e.c. of xylene were hoihsl for twf) and a half hours. 'J’h(‘ 
ivsidne obtained after tiltering was lieated uiifh'f reflux witli 
ahsoliile alcohol, anti subsequent filtration gave l-o grams of a 
iiiixtui'c of lead diphenyl ehloi'ide and stannous chloride, anti 
the alcoholic filtrate gave a furtiicr l-()2 grams of tlie funner com- 
[loimd. The xylene, filtrate i]uifkly thqKJsited O-IG gram of tin 
diphenyl liydroxychloride, m. ]). ISd h and, v\ iit‘n evafiorated. 
047 gram of tin diphenyl ehloridta m. p. 42 . 

Add Lead Diphenyl /Vopdiae/c.— One gram ftf lead tetraplienv 
aiidO'oS gram of piroftionic acid were heatctl nntler reflux in .xylene 
for one hour, and the mixture was iilimvd. Kvaporalitm of tlie 
filtrate gave fine netnlles ((ld)o gram), wliicli melted tti a cleai' 
liquid at ItiS — 1()1)\ this flnconipu.sing at 23)) 23o' ( Fount I : 

f - d2‘3(); hi 3-S7 ; Th 3(543. d requiivs 
(.’ — 43-34; H — 4-ol : Ph — 3o‘(i4 per (.t‘nt.). The .-alt is com- 
pletely soluble in alct)h(d, ether, tPlondorm, earlnui tetraeldciride, 
acetone, toluene, or pyrhline, modt-rately Mtlnbli* iu ethyl acetate, 
and insoluble in light pelroleum. 

Leal diphenyl ndiraie forms wliib' needh's, m. ]i. IBS 17(4 
(Ftiuiid : Pl) -- 3(5'73, ( retjuins [dt -• 3(t‘7S |)er eenl 1. 
Uith the exception ttf its scilubility in light jr-trohaiiii. this .salt 
lias the same solubilitie.s as tlie propitmate. 

Acid had diphenyl (richloroacdad is a erystalline ])owder. viiicli 
"uftens at 170 -IT.V and decomposes rapitlly at 21()' without 
’'''■‘Iting (Found : Pb - . 2(h!)0, 2l)sS9, 2(.\^H\p()^(;l,.Pb.(’.Jl(Id 'I. 
U'quire.s Pb — 2(j-99 per eent,). The salt is completely soluble in 
most organic solvents except carbon tctracliloride and light 
petroleum. 

Lead diphenyl omiate is a wliite, crystalline powder, which 
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darkens at 280^, and decomposes rapidly at 293—295^ {Found- 
Pb- 43-26; HgO^o-Oi. 2 Ci 4 Hio 04 Pb, 3 H 20 requires 
43*49; HgO — 5-G7 per cent.). The salt is slightly soluble jjj 
acetone, pyridine, or dilute sulphuric acid, and insoluble in other 
organic solvents. 

Lead diphenyl iodate is a crystalline, buff-coloured powder 
(Found : Pb — 29-95, 29-54. CjgHjoOglgPb requires Pb ^ 2!}-l4 
per cent.). The salt does not molt at 300°, and explodes whp,, 
treated with concentrated sulphuric acid, iodine being liberated 
It is slightly soluble in pyridine and insoluble in other orgarik- 
solvents. 

Lead diphenyl p-niirohenzoak forms small, pale yellow needle,- 
darkening and melting at 256° (Found : Pb — 20-39; N -4()s 
CagHisOgNgPb requires Pb = 29-88; N 4-04 per cent.). TIr, 
salt is moderately soluble in all organic solvents except ether and 
light petroleum. 

The University, 

Udgbaston, BiRMiNcnrAM. {Received^ i\larch 1022.] 


VXY.~ The 8yskm- Potassium SuJphale-Aluminivm 
Snlphale- Water at 25 ''. 

By Huueut Thomas Stanley Bjutton. 

2vo one appears to have worloxl out an isotherm of the sy,st(-iii 
potassium sulphate-uluiuinium sLilj)liate-water, although sevrial 
investigators liave mad(^ determinations of the solubility of aliun 
(Poggiale, Ann. Chlm. Lhy.s., 1843, fiii], 8, 407; Mulder, AV/foT. 
Verhandel, Rotterdam, 1864, 90; Locl^e, Amer. CInii). L. 
1901, 26 , 175; Berkeley, Phil. Trans., 1004, .1, 203 , 189; Marino, 
Gazzelia, 1905, 35 , ii, 351). Marino also determined the com- 
position of the lictuid pbas(‘s which exist in equilibrium at vaviois 
temperatures with two solid phases, namely, with erystals of either 
alum and potassium sulphate or alum and aluniinium snlpliate. 


F X p E n r M r: x t .a l. 

Methods of Analysis . — As the lip aid ])liases contained aluroinitim 
sulphate and potassium sulphate only, the simplest method td 
analysis was to estimate the total siil[il]ate and the aluimiia: fn'iii 
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results, the amounts of the two salts could be calculated. The 
.stimation of sulphate as barium sulphate in presence of aluminium 
was found to be quite trustworthy provided that plenty of 
hvflroohloric acid (about 5 c.c. of the concentrated acid) was added 
in the cold to the dilute solution (about 500 c.c,). The method 
of estiiuaiing the alumina required a little consideration. The 
ainoiuits to be estimated varied considerably, and in some cases 
thev were so minute that weighabh* quantities Avould have hecn 
ohtamed only by the treatment of inconveniently large volumes 
of the liquid phases. Schmatolla {Bfr,, 1905, 38, 987) found that 
solutions of aluminium sulpliate could he titrated A\ith .sodium 
hydroxide and plienolphthalein at 100°. With a(|ueous solutions 
of aluminium sulphate, his titrations were alA\ays low, sometimes 
as much as 0‘7 per cent., but when the solution contained excess 
of barium chloride, he obtaiiied accurate re.sults. 8cott (J. Ind. 
Eng. CArJH., 1915, 7, 1059), hoAvever, found that titrations Avithout 
barium chloride AATre satisfactory, The inaccuracy of Schmatoila's 
first method Avas due to some aluminium sulphate having been 
carried doAvn by the aluminium hydroxide in the course of titration. 
Hence it Avas thought that if very dilute solutions of aluminium 
Hiiljihate were employed, adsorption might be eliminated and the 
method rendered quantitative. The method Avas therefore in- 
ATStigated as folloAV.s. Several solutions (100 c.c.) of aluminium 
sulphate containing quantities of aluniiria ranging from 0’008 to 
O’Klgram Avere titrated, Avhile boiling, with .Y/IU-sodium hydroxide 
and phenol phthalein, ami accurate re.sults Avere obtained. In the 
case of solutions which contained an amount of alumina greater 
than 0-1 gram, diiliculty Ava.s experienced in ilcteiniining the end- 
point exactly, owing to mashing cau.sod by the aluminium hydroxide 
precipitate. The preseiice of potassium sul])hate iji solution does 
not affect the accuracy of the metfiud. Avliich is, under the aboA^e 
conditions, an excellent one for the estimation of alum. Siiice 
the time when this 7uethod Avas testcai and ado])tcd by the author, 
two p ipers liavo appeared, one l)y Kolthoff [Z. anorg. Chem., 1921, 
112, 172), Avho prefers the use of excess of baiium cJjloride, and 
the other by Tingle [J. hid. Eng. (% m., 1921, 13, 420), Avho found 
the method satisfactory eitlier Avith or Avithout the use of barium 
chloride. Thi.s metluxl Avas em])]oyed throughout these determin- 
ations, iLsually in the ah.sence of barium cliloride, In the titration 
of very dilute solutions, the advantages accruing from the use of 
barium chloride w('re not a])pareiit, 

EgmUbriuni Iktenninalions. — Saturated solutions (about 150 c.c.) 
of jK)ta.ssiuiii sul])hate and aiuminium sulphate in vaiying ])ropor- 
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tions were made at a temperature a few degrees above 2 ^)^ 
care was taken to keep the temperature of saturation as ]o^- 5 , 
possible, otherwise considerable hydrolysis ensued and the suIiKif^ 
became very turbid. These solutions were poured into bottk. 
fitted with mechanical stirrers, placed in a thermostat regulated 
at 2 , 5 -0 d: 0 * 1 °, and were stirred until equilibrium betwoin tlir, 
liquid phases and solid phases which had crystallised out liad 
attained. Stirring of each liquid phase was generally conti]iii,q 
for two or three days, the solid phase was then allowed to ffcttk.. 
and about 20 c.c. of the clear liquid phase were removed, weigli.-d 
made up to 250 c.c., and analysetl, Tn order to ascertain whetbr 
equilibrium bad been attained, the remaining li(iuid phase \ia< 
again stirred for another period of at least a day witii the sdif] 
phase and a fiirtlier ijortion tested. Tlie solid phase was liliernl 
tiirough a Buchner funnel and ^\eigllod portions were analysnt. 
In the cases where the solid phase was alum, the crystals \\\-]v 
well-defined and were consequently easily freed from the .'ullioiijif 
inolher-liquor. HeJict' there was no nece.ssity of making a con!, 
plete analysis; .suitalile quantities, liowerer, were dissolml in 
water, and the solutions boiled and titrated in order to st-uk 
deliuitely tlie nature of the solid phase. 

AKliough the method of allowing a slightly supersaturatoi 
solution to attain equilibrium at 2.5 gave satisfactory results fru 
those liquid pliascs which uerc in equilibrium with alum, iniic!) 
difficulty was experienced in applying this proceciurc to tlmsi- 
solutions whicl), it was beli(!vcd, w’ould (ui crystallisation artain 
equilibrium with cither ])ola.ssiuin sulphate or aluminium siilphah-. 
For example, raising the temperature of a .solution, the solatc i.f 
which contained, say, 5 ])cr cent, of aluminium su]])}iate and li-lpM 
cent, of potas.sium sul])hate, being therefore very dilute* wit!) 
respect to aluminium sulpliate, produced considerable liydi‘())wi> 
of tlie aluminium salt. Data obtained in siieli a way would cor- 
respond with the solubility of potassium .sufidiate in the sulpiuinc 
acid liberated. After that section of the curve indicating lli'' 
conipo-sition of liquid phases in equilibrium \ritli alum had lion 
obtained, it was possible to make u]) at room tomperattire .soluiiuiu 
which, when stirred with the apjiroprlate solid ])bases, would attain 
equilibrium with (hem. This procedure was also adopted to obtain 
data for the two liquid pliases, each of wliieli was iii eqiiihhriiii)i 
with two solid phases. The time req ui r('d for tlu* various 
solid and licpiid, to attain equilibrium in this way was niueli longs 1 
tlian in the rase of the .supersaturated solution; in some deteriiii!i- 
at ions several weeks v’cre necessary. 
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The following data were obtained. 

Liquid Phases. Liquid phases. 


i'oroentago 

of K.SOi 
in the 

CJrams of 
water in 
which too 
grama of 
solute dis- 
solve to 
give a 
saturated 

Solid 

Poroentage 
of K.SO, 
in the 

Grams of 
water in 
which 100 
grama nf 
solute dis- 
solve to 
give a 
saturated 

Solid 

solute. 

solution. 

phases. 

solute. 

solution. 

phases. 

100 

830 

K^SOi. 

23-3 

1100 

Alum, 

034 

773 


20- i 

1028 

’’ 

SO-5 

670 

KgSOi and 

lG-9 

886 


87-9 

731 

alum. 

Alum, 

12-8 

754 


79-(i 

999 

jj 

1 lA 

685 


73-8 

1190 

J, 

8-9 

508 


5:; -7 

Ul.) 


6-5 

235 


4d'5 

1424 


6-0 

211 

Alum am 

33‘7 

1384 


34 

245 

Al,(SOPj, 

18H„0. 

AipSOPj, 

30- :J 

1362 


0 

261 



The above results arc represented graplneally in Fig. 1, using a 
slightly modi fled form of the method first proposed by Janeeke 
[Z. anorg. Chem., 1900, 51, 132). 

Pig. 1. 


IGOO 



0 ' i ’ J 1 i I J ' 

0 20 40 60 SO 100 


Pc-i'ccvtagc e/ AL(SOj)j bi the solute. 

Faeh of the three branches of the diagram represents saturated 
'^elutions in ei[uilibrium with one solid phase only. exce])t those 

31 31 
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solutions which are represented by the two points at which thp 
curves intersect. The liquid phases corresponding with AB, 
and CD are solutions saturated respectively with potassium sulphaif,’ 
alum, and aluminium sulphate (with ISH^O). As the tcinper'q,jj!|’ 
is fixed, any point, except B and C, on the curves reprosc-nts a 
sy.stera having one degree of freedom, naniely, one of change in 
concentration. The points B and 0 i-epresent liquid phases 
compositions of which at 'H'f are fixed, each solution being in cqijj 
librium with two solid phases — the former with potassium sulplian- 
and alum, and the latter with alum and aluminium sulphate ervstah 

If curves are drawm from data recorded in Marino's paper, sliowin>t 
the variation in composition of the solutes of tlicse univariaiit li()ui(l 
phases with temperature, it Avill be seen that the range of coju. 
position of solutes of saturated solutions in equilibrium with alum 
is considerably diminishc'd on raising the temperature. Thus tli? 
range at 25° in 100 grains of solute is from 10'4 to 94'0 grams df 
aluminium sulphate (Fig. 1), whicli, iiieidentally, agrees with tlie 
figures obtained liy extrapolation from ]\Iarlno's results, wlicms 
the range (as shown liy tlio curves) at 60° is from 35 to 8S grams 
of aluminium sulphate. From the isuthenn wliich lias been worked 
out, Marinos data, and the variation of solubilit}^ of alum wiili 
temperature, a good general knowledge of the system aiKlrr 
consideration may be obtained. 

Although (be percentage of hydrolysis of aluminium sulphate 
at 25° is comparali\ely low in the liquid phases involved in tlm 
work, appreciably turbid solutions were sometimes oblalncil. 
especially in those solutions tlie aluminium sulphate conconiratloib 
of which were great. As the effect of raising tempera I arc is to 
cnliance hydrolysis, it was decided not to investigate the system at 
a higher temperature. 

The author desires to thank Professor Ailnmnd for the interc.4 
he has taken in this work and also for valuable criticism and advice. 

UXIVKRSITY OF Lo.NDON, 

Kixg’s Collk(;f. [liarintli Mairli Itli, 

eXYL- The Isotope Ratio of New Zealand Boron. 

By Am:xANDER Donald Monro. 

Aston {Phil Alag,, 1920, [vi], 39, 611) has showm that the element 
boron consists of two isotopes of atomic weight 10 and 11 rc.qicct- 
ively. In a lecture delivered before the Chemical Society (T., 19-b 
119 , 682) the same worker suggested the study of the atomic wciglits 
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of elements derived from various mineral sources. This has been 
attempted in the case of boron. 

The source of boron chosen for examination was the Hanmcr Hot 
Springs in the South Island of New Zealand. Tlic amount of boron 
ill New Zealand is small, and this was one of the principal supplies 
available. The water from what is known as the “New Bore’’ 
ill vliat locality contains 47-46 parts of borax per 100,000 (Reports 
of the Dominion Laboratory of New Zealand, 1913). The Hanmer 
Springs lie in a small intermontane basin at the foot of the seaward 
Kaikoiira range. As this range is of at least I’riassic age, and as 
the Hanmer Springs arc deep-seated, the liorax derived from this 
source must have been segregated since Triassic times. 

In an examination of the equivalent weight of a substance from 
a .special source it is obviously easier to determine the equivalent 
wciglit by a comparative method, using some standard sample of 
the substance as a basis of comparison. The standard used in these 
determmatioris was pure sodium tetraborate. This sample was 
found to be free from potassium, chlorine, and carbonate, and as a 
further precaution it was carefully recrystallised four times from 
water. 

The isolation of boric acid from the mineral water proved trouble- 
some and was not effected without considerable loss. The method 
of distillation with methyl alcoliol was attempted, but involved 
considerable dilliculties. It w'as therefore abandoned in favour of 
precipitation as silver borate, folloAved by decomposition with dilute 
hydrochloric acid, and crystallisation of boric acid from tbe solution. 
The boric acid thus obtained was fused with a slight deficit of pure 
sodium carbonate in a jilatiniim eniciblc. The product was recrys- 
tulliscdsix times from water, fused in a platinum onicible, and again 
recrystallised. 

The method of determination elio.sen was a modification of the 
method of Kimbach (Rer,, 1893, 26, 164), who titrated borax with 
hydrochloric acid, using methyl-orange as indicator. Fused sodium 
tctiaborato was used instead of borax in this investigation. This 
method lent itself to comparative treatment hotter tlian that of 
fiaiiisay and Aston (T., 1893, 63, 211). 

The weights were standardised against a certified set which had 
’een tested at the National Physical Laboratoryn The pipette and 
mretto wore standardised by weight measurements. In the final 
operations “ conductivity ” w’ater was employed, and the standard 
^0 ution of hydrochloric acid was obtained by the method given by 

mhards and Wells {Piiblicafiou of ike Carnegie Insfifute, No. 28). 

. following procedure was adopted in the determinations. 

out 2 grams of borax wTre fused in a platinum crucible, trans- 
it M* 2 
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ferred immediately to a desiccator, and, when cold, allowed 
stand for ten minutes in the {desiccated) balance ease before 
ing. The fused sodium tetraborate was tlien treated with a linj., 
hot “ conductivity water, and the solution carefully transfern.fi 
to a beaker and made up to dO c.c. The iriass in the crucible 
fused again and the weight of sodium tetraborate thus determined 
by difference. The solution was then titrated to a standard tint 
the same amount of methyl-orange being used in each case. 

The results arc expressed as tlic normalities of the hydrochloric 
acid solution employed ; 


First scries. SocojuI series. 

Sodium tetraborate Sodium tetraborate 

(Merck). (Hanmcr). 


Weight 

Xoi'inality 

W-eight 


Norii\tilitv 

(gram). C.c. 

X 10b 

(gram). 

C.c. 

: ; lot ■ 

0-1289 41-37 

10287 

0-2207 

21-30 

10283 

0-1 300 13-13 

10278 

0-1776 

17-10 

1027(1 

0-1214 11-73 

102G8 

0-1590 

15-39 

102l)(i 

0-(1618 03-83 

10287 

0-1355 

13-09 

10273 

0-2028 2.')-39 

10270 

0-2032 

19-01 

10281 

0-2017 2j-24 

1(128.8 

0-1282 

12-37 

10283 

iUean normality X 10^ 

- 10279-7--2-3. 

Mean norinalit 

vXlO-' 

- 10279-7 -2-!i 


Assuming that the .atomic weight of boron is lO'OO (Smith and 
van Haagen ; vide Keport of tlio International Committee on 
Atomic Weights 1019-1920), the molecular weight of sodium tetra- 
borate is 201 •GO. The molecular u'eight of the New Zealand i-^aiiiple 
will be 


201-60 


10270-7 

10270-7 


2-0 

2-r> 


that is, 201-60 10 -(X) 2 . 


The weight of four atoms of Ixiron will l)c 43-60 -b 0-062, and tlic 
atomic weight of boron will bcl()-00 -C 0-01 da. That i.^ the iMitopo 
ratio of New Zealand lioron is tlu^ same' a.s that of KurojKvan bore;! 
within the limit one part in sixty. 


In conclusion, I desire to express 1113 ^ thanks to Professor?, Vb 
Kobertson for the intei-est lie lias taken in this research, and hr 
the excellent advice he has given during tlie work. 

Victoria Univee-SITY College, 

tVBLUXGTON, New Zealwd. [Received, Jauuarjj 'Hth. 192-.. 
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(AVII .— Conversion of Alb/l Alcohol to (Ihjceriil 
Chloro- and Bromo-hyilrins. 

By John Rhad and Eric IIi’p..st. 

Iris remarkable that, in spite of their early discovery and inanihjJd 
applications, the chloro- and bromo-hydrins derived frojn glyccM’ol 
aiv even yet by no meanrs aceiirately known, A ivfei-ence to tl.e 
litPMtiire indicates, indeed, tli(‘ oxistfnnr of condderable nti- 
certainty in regard to t]]e.s(‘ denvativ(‘s (see, for instance Beilstein, 

Handbueh der organlscheii (dionnd'," 4tli ed,, llL'O, 1. 477). Even 
in the case of the readily aecfssible ,b-dil;rf)nif)liydrin, no trust- 
worthy detormination of density ajjpc'ars la have ])(‘en made? until 
<:-omparatively recently (iAu’ster aiid \\4tlK‘i’s, 4'., l!)li>, 101 . 4110; 
Pliilip, T,, 11)1:3, 101 , iSbS). .As lias alia'ady Ijeen indieat(‘d in 
refercnce.s to other lialogenohydrins (T,, IDiin, 117 , 1214; 1D2] 
119, 1774), this position is iargndy diu' to th(< nalinv of the indhods 
which have hitlundo Ijceii utiliserl in [in'paring such suljstanees. 
Like efiivhaielironiohvdrin, (Ih^ d(Tivativ(‘s now under diseu.ssioji 
liave usually been prejiared from tiiC' cnrres[)onding polyhvdric 
alcohol by interaction with (1) tlic anliydrous halok'cn acid, or (2) a 
phosphorus haloid; the eniianc(‘d dilTiculty, in the case of a tri- 
hydric alcohol, of controlling such rcaction.s so as to yield a ^ve!l- 
dfitined product is nianifcst. Thus (J), Hcrthelot (Ann. Chun,. 
18G1, [iii], 61 , 2D(i) prepared a-nionochha’ohydrin by the interaction 
of glycerol and hydrogen cliloi-id(‘ at RiO'. whilst Hanriot (Jpe. 
thm., 1879, [v], 17 , 73) stated that the product contained a small 
proportion of (i-nioJioehlorohydrin which could be separated bv 
fractional distillation under diininisht'd pressure, the boiling points 
being 139'“/i8 ?nm. (a) and MO IS nini. ((i). More recently, 
XiviiTe [Compi. rend., 1913, 156 , 1028) jircparcd a-monoehloro- 
liydriu (b. p. 121-“)— ]22’.7' 10 mm.) by saturatijig glycerol with 
hydrogen chloride at J2()-i:i(r, The same reagents have also 
been used in preparing y.- and h-dichloroliydrJn (Faneonnier, Bull. 
%. chim., 1SS8, [ill, 50 , 212). Further (2), Berthelot and de Luea 
(J/nn Ckim.. 1850, [iii], 48, 3(4) found that cliioridcs of phos].)horu.s 
reacted with glycerol to give a mixture of mono- and di-ciiloro- 
bydrins and^epiehlorohydrin, together >vith large amounts of other 
products. (Similar method.s liave been ajiplicd in preparing the 
corresponding bromohydrins (Berthelot and do Luea, he'eit.; 
^arre, Ball Boc. chim., 1910, [iv], 7, 835). 

Another principle (3), namely, tiiat of direct addition of liypo- 
j 1 oious or hypobromous acicl to a suitable unsaturated substance, 
nw Ken utilised to some extent in otlier investigations of the kind 
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under notice. Henry (Be?-., 1S70, 3 , 351; 1S72, 5 , 449; 
trav. chim., 1897, 16 , 208) stated that allyl derivatives eombi^fd 
readily witli hypochlorons acid, but that in the case of ally] 
the yield of jS-monochlorohydrin was small, owing apjiarontlv lo 
oxidation. 9'hc successful results which have attended the uic 
chlorine water and bromine water in the preparation of halos^du,. 
hydrins from iinsaturated substances (T., 1917, 111 , 240; jfon 
117 , 359, 1214; 1921, 119 , 1774) led us to apply these 
allyl alcohol under the caistomary conditions. In accordance wiiti 
the general princi 2 )lo which has been laid down for the ijinijij,, 
equilibriinn iin-olvcd, the product should consist of a inixlm-e oi 
mouolialogeno- and dihalogeno-hydrin, resulting from the sinuji. 
taneous oceun-enee of tlie two additive reactions indicated bdow; 

X. -b 1-lOH^HX f HOX 

I I 

CH,X-CHX-CIL-OH HO-rHy('HX-CHyOH 

(jS-Dihalogenohydrin). (fl-^Ioiioluilngeiiohydriii), 

From observations made in the study of similar proee.sses of tlis 
type, it seemed likely that the main product of tlu' rt'aetion would b 
p-inonohalogenoh}-dt’in (compare Henry, loc. cit.), and that tlie 
separation of this derivative from the aecompanying fi-dilialn. 
genohydrin would be sim])le in eompal’i^:oM with the treat nu-nl d 
the complex mixtures which result from glycerol by the applicatinii 
of principles (1) or (2). 

Apparently the action of ehloriiie water on allyl alcohol has iiDt 
been inve.stigated hitlierto, but its bromination in aqueous solutin!] 
was undertaken by MarkownikolT {Jahwsfjcr., 1801, 490) for tk 
preparation of [ii-dibromohydrin (fiy-dibromopropyl alc'ohol). 8uli- 
sequently, Fink [Monatsh., 1887, 8 , 502} showed that addition of 
hypobromous acid occurred in the reaction, and that as much is 
45 per cent, of the bromine could be converted to hydrobromic acid. 
The reaction, whicli was more fully studied by Biilmanu {J. pi. 
Clmn., 1900, [ii], 61 , 215), appears to be the only one on record, 
prior to the present series of investigations, in wliich the possibility 
was recognised of bromine water functioning e^Tecti^'eIy as a soum- 
of hypobromous acid, 

Tfic results of the experiments now described were .such as to con- 
film the above-mentioned anticipations, but with chlorine water 
the process was complicated by the simultaneous oeeunxmer of 
other reactions. In the easci of bromine water, the results stand in 
close correspondence with tfiosc; given by ethylene (T., ll>2<b 
1214). The reactions thus yielded specimens of four dolin’^'' 
halogenohydrms : namely, '3-monochlorohydrin, fi-dichlorohydrnr 
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g.numobromohydrin, and p.-dibromohydriTi. With the exception 
of 3 -dichiorohydrin, these appeared to b(; chemically pure, and in 
the majority of instances the observed physical constants, when 
compared with the somewhat scanty data at our disposal, were in 
agreement with this conclusion. For tlie preparation of I he pure 
rihilmlogcnohydiins, the halogcnation of ally! alcolu)! in carbon 
iiisiiiphidc solution, in the maniK'r devised hy Tollens [Ammkn, 
ISTO, 156 , IbO; ]S73, 167 , 224) and improved ly Koider {Amer. 
('l,e}iK 1000, 42, d81), is to be recommended; })ut wiien the 
'i-tnunohalogenoljydriii is also lerpiired, I lie reactions now described 
should l)e of practical importance, ])ai'liciilaiiy in })reiianng the 
hriuniiie derivatives. 

K -\ r E n I M ENT A 1., 

Th<^ Reaclion heiti'een. Alhjl Alcohol and flnoninc Water . 

A large beaker, sun’ounded \A ith nnhing ic(' and providf'd with a 
iiicoluinical stirring aj)[)aratu,s, ^\•as cliargc'd with a solution of allyl 
alcohol (about 10 grams) in water (about (iOO c.c.). On pas.sing a 
current of air laden with broniim' v.ipour into the well-stirred liquid, 
ill the maimer already described for ethylene (T., 11)20, 117 , 859), 
ahsorjition occurred w’ith extreme rapidity. 44i(‘ oj)eration was 
oontiimcd until tlie attainment of a perniaiient pale yellow tint. 
The volume of tlie reaction mixture was tlum noted, after which 
a small nu'asured voliiiiH' (5 or 10 c.c.) was withdrawn and diluted 
with water, Tlie slight excess of bromine uas removed hv aspirat- 
ing air through the solution, and the liydrohromic aeid present was 
then deteniiiiK'd by titration with standard silv(T nitrate solution, 
control experiments having iridiiaited ahsenc(‘ of hydrolysis of the 
dissolved broniohytlrins under the conditions adopted. The total 
amount of bromine passed into liipiid was determined by 
weighing the receptacle containing this reagent before and after the 
operation. The two valiums obtained as stated w(wo utilised to 
calculate th(‘ distribution of bromine in the reaction; the amount.s 
of lircmine used stood in satisfactory agrceni(mt with the correspond- 
ing weights of allyl alcohol, when fiure anliydrous prcjiara lions were 
used. 

Further succcs,sive jiortioiis of allyl alcohol were then introduced 
into the reaction m'sscI, the various detcu’iniiiations being repeated 
on each occasion. The afipendcd table contains a suiniiiarv of t,he 
results obtained in one sucli s(>ries of e.\[)eri]nents. The calculations 
take, into account the changes of volume wliich occurrofl throughout 
die process, Iml, no correction is nnnh' for the very sliglit kis.s of 
Itromine hy diffusion. The temperature of the solution varied from 
ho to and the operations were coiKlueted in diffused daylight. 
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Towards the end of the third stage a second phase appeared, aiitj 
from this point onwards the low^r layer, which consisted luamlyfjf 
(3-dibromohydrin, gradually increased in bulk. 


Stage. 

Total 

bromine 

pmseiit, 

(grams). 

Total bromine 
present as 

llBr" 

(grams). 

Peroentage of 
total bromine 
reacting to 
form 

C,,H-(OH).,Bi- 
‘ - HBr'. 

Concentration oi 
t'sHslOHbB,, 

Crams per 

litre, Normcilij.; 

f 

23-5 

20-38 

86-7 

:i2-4 


2 

45*5 

38-] 6 

83-0 

58-8 


<) 

G7*r> 

53-48 

70*2 

SM 


A 


68-54 

76-0 

103-0 



111-7 

S1-S2 

73-2 

123-0 


(1 

1.3.3 -7 

1)4 -Its 

70-6 

140-8 

U- 111 IS 

7 

156-2 

107-14 

68-6 

157-5 



From these results it is evident that tlic mobile Cfjuililtnurn 
already referred to suffers displacement towards the left tli.. 
reaction progresses am,! the products accumulate in the sohuimj 
The monobroniohydrin : dibromohydriri ratio thus declines frnn; 
6-5:1 at the beginning of the series to 2-2:1 at the end. As ii) 
the case of ethylene, this result is probably due in part to ili.. 
difference in solubility between the inonobroinohydrin and the 
dibromohydrin ; the concentration of the latter product in tlif 
solution is thus kept relatively low by its separation as a disliiiet 
phase during the early part of the reaction, whilst the conccntratidu 
of the monobromohydrin increases throughout a considerably longer 
period. 

When the concentrations of monobromohydrin, a.s expressed tv 
the normality factor (.r), are plotted against the correspondins 
percentages of bromine functioning as hypobromous and liydrf- 
bromic acids (//), a regular curve is obtained [Fig. 1 («)]; tlii? 
approximates to a straight line, and is closely delined l)y the 
equation : y = 91-5~22-y a. Tlie diagram (Fig. 1) illustrates liu- 
essential similarity of the reactions between (u) broininc water aid 
allyl alcohol, (6) bromine water and ethylene (T., 1020, 117, ]2l!h 
and (c) chlorine water and ethylene (Gomberg, J. Amer. i'hm. -Sw'.. 
1019,' 41, 1420). It is intere, sting to note that the halogenohydrin: 
dihalogenide ratio at corresponding concentrations inereasc-s freai 
(a) to (c). 

^.Monobromohydrin, OH'OHa'CHEr-CHs-OH.-^For the prepam- 
tipn of jS-monobromohydrin, the reaction ju.5t described niiu 
conveniently be prolonged until the concentration of tlii.s sub- 
stance in the solution has reached 1-OA to l*25iV, as disclor-cfl 
by titration. The amount of monobromohydrin thus produmi 
accordingly reaches about GO per cent, of the tbeou'tical yd ■ 
Although formed readily and in very satisfaetoiA- yield hy tni> 
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>tliod, tilt; isolation of the nionobromoliydriii from tiio a(|uoouf? 
li<iui(i its subsequent sei)aration from the ac.-c-ompanyinyr 

dibrumohydrin in a state of ])urity presented ajjpreciable dilbculUx 
This result "vvas due Jiiainly to the instability of tlie monobroino- 
livdriii when distilled repeatedly under dimiriislied pressure; it 
uiiist also be attributed partly to incomplete extraction of the 
>uhstaaee from the original aqueous solution. 

The extraction was in all cases aecomplislmd after eanTuI neidrali- 
^iitioii of the ieemooled solution with po',\(](‘red. so<]im/i (Tirhoiiate. 
Pairlv satisfactory result.s wore achievc'd l>y a tlirecfolil cxtracticjn 
uitl/ether after saturation uith sodiimi chloride, or. i>etter, with 
anhydrous sodium sulphate, at the ordinary temjierature. A 
.dmilar extraction witli acetone aft(T saturation uith calcium 



('mu-citlrai'iou <.if iiiOiir.iIiafoficuoJtfp.lrin (N). 


oldoride gave a soiiiewhat higher xdcdd. The* loest result was reached 
by saturating tlie soliitinn with anliydi’ons sodium sulphate at 
and extracting it vith three successive quantities of other; in tlu.s 
uay file extraction attained an (dli('iency of about 70 })er cent. 

The ether extract, wlion dried over sodium sulpliaK' and distilled 
from tue water-bath, left a i)al(' brown oil consi.''ting of a juixture of 
the mono- and di-bromohydrins. The composition of tliis and ail 
other shnilar mixtures examined in tlie eourse of tlie inve.nigation 
was ascertained lyy alkaline hydrolysis, fcdlowtai by a volumetric 
determination ot bromide in the product. Control experiments 
demonstrateit that mono- and di-brninohydri]is are qiiantitativet^v^ 
hydrolysed when boiled for luo liour.s under reliux with excess of 
aqueous potassium hydroxide. 

In a particular preja^ration, the oily re.sidiu> obtained from the 
ether extract, after being freed from ether by the passage of a rapid 
current of air, contained 01*2 per cent, of bromine, d'his result 
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coiTcsponded vith a mixture of 56-0 per cent, of nionobroi^jfj 
hydrin (Br = 51-0 per cent.) and 44-0 per cent, of dibronioiivj/ 
(Br ^ 73-4 per cent.). According to the titration of tlu* 
aqueous solution, 62 per cent, of the bromine had rcaet{'(l 
inonol.iroinohydrin and hydrogen bromide; it follows, 1 herder, 
that the oxlraetion of tlie (hbromoh 3 drin was somewhat 
edieieiii limn that of tlie more soluble monobromohjalrin. 

In all, olO grams of oil \ver(^ prepared, having ehararicrisiK 
agreeii^g elost'ly with those of the pre]>aration to which rdm],,-. 
lias just been made. Tlie isolation of the two consiitucjnv, 
accomplished liy continued fractional distillation under a pivsNin.,. 
of about 20 in Ml. Tlu' oil, wliieh was neutral to litmus, was 
in portions from a dai.sen Hash (itterl uith a short fraetionajji., 
column and heated b^v imams of an oil-liaih. '^liie progress of tb 
separation va.s followed by means of the bromine valiii's of tb 
fractions, corn'ctions being apjilied, ivhen nece.sssnry, for strit: 
amounts of hydrogen bromiile formed during the jiroeess, h 
found that the monobromoluxlrin, wliieli is the eonstiluent of lild;:-; 
boiling ])oint, underwent a slo\v iiolymerisation, or ar.alniriivi, 
cliange, during the distillation. Consequently, after the si\ tb, 
tillation.s whicli were undertaken in the attempt to jirepan^ chcrjilcalt 
pure products, only a small tpiantity of the monohromohvdrin w.i, 
oblaiiKMl, tlie bulk of tlu' substance liaving b{‘cn transformed paiilv 
into a less volatile liipiid, distilling over an indefinite raiisir i.; 
temperature, and partly into a thick black tar. By curtailiiiLMb 
number of distillations, a mucli higher yi(‘l(l of only slightly inijiiirr 
fi-monobromoliydrin could be secured. 

The following tal)le, in whicli are emliodied the results of tb 
third fractional distillation of the above' series, indicates the waviL 
which the separation proceeds : 

Wright Percentage 
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.7in; 

n 

l:Pi 140 

IT'") 


7(i-7 

2:t;l 

7 

1 m 142 

2:M 

,71 ‘1 

too 



iui'.l loss (hiriiy-r disl iilation, (io'S; gram.s. 


During the' eoursi' of the dislillat-'ons it was noticed thal fi'actioii' 
of fairly constant Ijoiling point, am| giving analytical results nf 
responding closely with (r/) monohionKih^?^!-]}^ and [h) dihrniin'- 
hydrin, I’cspeeth’cly, temlerl to distil in the neigh iiourhooil i-- 
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fff) mill.} and {h) 110^^/20 jihu. The t^vo kinds of fractions 

|]idicated were accumulated until the end of tlu' Jit'tli fractionation, 
ulieii it appeared of little use to prolong tlu* prooi'ss. Accordingly, 
.•K'h of the fractions in (luestion was su))initt(‘d to a final fractiona- 
tion The monobromohydrin fraction, M'liich weigiu'd od grains, 
i^parlv all distilled at IRG- -138''/21 min., and on alkaline hydroly.sis 
travc'dl'^l per cent, of bromine ((.^H-OJlr i'c(jinivs \^v - 51 -b jx'r 
rent.}. It' was tlius regardiMl as chemically pure h-mono]>romo- 
hvdi'in. The dibromnhydrin fraction, whieli ^\-cighcd 219 grams, 
drilled completely at 111 — I bb'/^G mm., and contaiiHsl 72-S per 
coat, of Imnnine rcrpiires \W - 7:14 pi-r cent.), dims, 

of the dibromohydrin present in the e)rjginal .710 grams of crude 
product, about 00 per cent, was isolated in a .4alc of jnirity : whilst 
[if the nioiiobromohydi'in not (piite 2() ]K.‘t' cent, was isolated. 

The p-nionobromohydriu thus olitairied was a colourless and very 
vi^cou.s liquid. On keeping for soim^ tirma it developc'd a jiale 
vellow colour. Its vapour had an iridtant a.ciion similar to that of 
[•tlivlcnobromoliydrin (T., 1920, 117 , 1221). It was miscilde witii 
alcohol, acetone, or etlier, but only partly miscil)lc with b(mzciie at 
the ordinary temjiorature. A determination of dtmsiiy gave 
r/'" l'78r>S (vacuum). It is of interest lliat tlu‘ ealei dated ratio 
(if its molecular radius to that (»f water (Holmes. T., 191 :i, 103 , 
2i4T) is I'GO. ,B-.Monol)roniohydrin thus occupies a position 
hetween nicotine (l-Go) and ])henol (1*70) in Holmes'.s table [ioc.cit., 
p. 2104): like (i-moiiochloroliydrin (r. it thus a}>pears to 

stand on the border line In'twecn miscil)le and partly miscible 
liquids. When gradually diluted \\ii]i waltT at the oralirmry 
tciiiperature, complete ntiscibility occurred over a certain range: 
further dilution i)ro[Iuced a turbidity ^^hicll p(Tsist(‘d until a 
relatively large volume of \\'at(n' liati been mUh'd. 

Dibromohydrin, CH.A3r-('H Br*CH 2 *OH.— As already indicated, 
the foregoing metlirid, altlioiigli desigmal primarily for the produc- 
tion of ri-nionoliromoliydrin, hal sitn\dtan(u)nsly to the isolation 
of comparatively lai'ge amounts of fi-dihromuhydrin. Further 
investigatioii.s were carried out with the object of modifying the 
method so as to jwomote the formation of dibromohydrin and to 
faeilitate its separation from the reaction mixture. In accordance 
with these aims, tlie proportion of ^\ater uscnl in the preparation 
was considerably reduced. 

-A soluticm of ally! alcoJiol iji its own weight of water u'as cooled 
by immersion in melting ice anti vigorously stirred, Litpiid bromine 
was then added slowly from a burette, llapid I’t'aelion ticeurrcd, 
and a heavy oily phase soon se])arated, At the end of tlie addition, 
dm mixture \vns ncmtralised in the cold with powdered .sodium 
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carbonate, and then saturated at the ordinary temperature 
anhydrous sodium sulpliate. Tlie oily layer was then sepavattt] 
and dried w ith the same agent. Mixed preparations made in t|jj, 
way, amounting to Z50 grams, contained 67'”) per cent, of 
Since there was no evidence of subsidiary reactions iiaving 
place, this result indicated the presence of 7d-9 per cent, of diljram,-. 
liydrin and 27- 1 per cent, of monobromoliydrin in the oil, % 
woiglit. of oil isolated in this \'ery simple way was about 8B percoir 
of the calculated amount. The extraction was therefore decidcriiv 
more chicient than in tlie preceding method, whilst tlie pro]]oiiif,f; 
of dihromohydriii in the mixture was almo.sl double tlie 
amount. It may be added that tliis ratio was confirmed by liu; 
metric estimations of the liyclrogen hromidc* jwodueed in the reac-titiii, 
the percentage of hromiiK” reacting to form dihromohydrin iu r,i„ 
such experiments i)eing 7()-7 and 71*1, respectively. 

Piihlication of tin' dibroinohydriii ua.s effected by rcpcatoi 
fractional distillation from a ('la [sen flask provided witli a slir-n 
fractionating (‘olunin, tlu! pi'oeess hdng controlled by oliservatiwi 
of boiling points and analysis of the fractions, in the manner alreadv 
described. After tlii'cc' fractionations, a yidd of 223 grams i,{ 
dibromoliydrin was obtained, boiling at 111 — ll-t'/iO hud., aiii; 
giving 72*1 jier cent, of ht'orniiK' on alkaline hydrolysis 
requires Br ~ 73-1 per cent.}. The preparation was thercfortMiui 
quite as pure as the first one descri'ned, wliieh liad been fractioiialiy 
distilied six times, d'he aluw e yioid amounts to 87 per emit, of tlie 
dibromohydria present in tlu' crude' oil ; when referred to lli'- 
weiglit of allyl alcohol used, it coi'responds with about oO jicr pod, 
of the weiglit of dibromoliydrin tlieorc'tically ])ossihle. 

Pj-’Dihroninhydrin is a heavy hijiiid uitli an irritating odour. li 
is less viscous tlmn 'i-]iiono])ronioliydmq and it remains enldurk"; 
when kept. It is miscible vith ether, rdeohol, or acetone, and akc 
with honzem' ; in tlie last w'siiect it differs from [i-monohromohydnsi. 
It is only sliglitly soluble in watei' at tin' ordinary tempera iiiiv, 
The density of the purer sijccijiicn notc'd abovi' (Br 72*8 per ooiit.j 
was determined as df 2-1 lb7 (\acuum); th(' Ifolmes value i* 
thu,s T79. ddie second preparation di'serihed (i^r 72*1 jier epiit.j 
gave df 2‘iUB}. A specimen of ixaJilbaum’s S-dilironiuhwuiii 
contained only 70*2 per cent, of bromine, and liad d^: 2'OS'jr. 

The. Umdioii belwcen Aihjl Alcohol and Chlorine 

A preliminary control experiment showed that when chlorine b 
passed into ice-coolcd naitor in diffused daylight the ainount d 
liydroehloric acid produced is so small as to be negligible in titn* 
metric estimations of the kind de, scribed in this paper. Accordingly 
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he action of cold diiuto clilorinc water on allyl alcohol was studied 
the jnanner adofftcfl for bromine water, the ally! alcohol being 
dded in seven or eight portions of about 1 0 grains to a volume of 
vater originally measuring hOO c.e. Very ready reaction ensued, 
ait the results of the ciuantitativc estin:iations failerl to exhibit the 
narked regularity observed in the case of bromine. The following 
umuiary indicates that the apparent monochloroliydrin ; dichloro- 
ivdriii ratio ductuated somewhat at the beginning of the reaction 
ilid then declined very slowly. Owing to thc^ ^dgour of the reaction 
1 t:cemod likely that these results were infiuenecfl considerably by 
he occurrence of subsidiary reactions; thi.s inference was boraic 
,^1 bv an analysis of the quantitative data obtained in several 
■erics of experiments. 

]:*crro]it;);2e of 
tola] rlilonne 
reactin'^ to 
form 

CjH-tOlf) ,C1 Xnnnslitv of 
Sifigo. V IICl.' 

o 75:) O’O.'):; 

(i 74 -.7 1-OSS 

7 74-U 1-20S 

With -"in jioc (Tut. aquoou.s solution.'i of allyl alcohol, reaction 
lecurred so \ig(trous!y (hat e\'eri with ^e?T efficient cooling and 
brring it was found necessary to pass the chlorine very slowly and 
<1 dilute it with air, During the process the liquid became yellow 
ind furnicd two liquid iduvses. ])ut these usiiaily reverted to a 
lomogcncous solution oil cojnjdelion of th(‘ I’csaction. The various 
)reparations, made in the two ways iiulicatcal, wiicn uiiiled amounted 
0.591 grams; the product (’ontained o.5‘0,5 pia- cent, of chlorine, as 
hown by alkaline hydrolysis, and iicnce (lu‘ api)arent pi’opm'tion 
if nionochlorohydrin present was S7-1 ^kt cent. After a series of 
■iglit systematic fractional distillations under diininished ]iressure, 
^inducted and ooutrolk-d in tlie maniita' already ('.\ plained for the 
■I'JTC.qKmding hrDmiiie (le:'!\ ati\ es. it a])peared that the mixture 
■untaiiied, not only the two elilorohvdrins aiitieipated. but also 
ippreciable quantitie.s of materials of lower and liiglier boiling 
)oints. The ch.iraeteristics <if tJie jnain fractions ulti}nate]y 
dnained are summarised in the appended tal)le : 
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In accordance with their constant boiling points and goiK.rai 
propertit's, fractions 1 and 2 were regarded as consisting 
p-dichloro- and p-inonochioro-h^Rlrin, respectively, although it i, 
to be noted tliat t he chlorine A^alue, dctcrinined by hydrolysis witij 
aqueous alkali, wan somewhat low^ in the former instance. Alkaline 
h3^drolysis in alcoholic solution gave an almost identical rcsuli 
wliicli was also contirnicd by tlio method of Carius. The yields (jf 
dichloroliydrin calciiiatod on the A\’eights of (a) allyl alcohol, and 
(^) crude oil arc' (n) 11*2 aTid (fd I’^d) per cent., respectively, ifhc 
corresponding yields of monochlorohyLlrin are {«) 10-8 and (h) 14.,'^ 
j)cr cent. Tlie united yields of inonoehlorohydrin and dicliloro- 
hydrin are, tlu'K'fore, (a) 22’0 and [h] 32 - i per cent. 

It is thus apparent that although the action of chlorine water on 
allyl alcohol leads to the production of [i-raonochlorohydrin and 
p-diehloroliydrin, the yields of tliese (wo substances are low and 
their separation in a state of purity is difticult. This result must Ix' 
attributed in large measure to tiu^ vigour of the reaction, AAliich 
entails (lie eon\'crsion of a high prupordon of the allyl alcohol iatn 
other products. 

i^-Mo}iochhrohj/driu, OHd TT^d'HCTC'H^’OK. — p-l^lonoeliloro- 
iiydrin, prepared in the niaiiuer just descril)ed, Avas a colourless 
and ATiy viscous liquid, p{)sscssi?ig a marked irritatijig odour 
and boiling at 122%')— 123 - 0 "; l3-o Jum. Wiien kept for sonic tiitU’ 
it became ])ale yclloAA'. It was miscible AA'ith alcohol, e(Ju‘r, or 
acetone, hut only jiarlly miscible Avitli benzene. Determinal ions 
of density gave d'l 1-3-1 lb and (If 1-3241 (vacuum). Thu ratit) 
of tlio molecular radius to that of AA’ater is thus 1-07. When 
diluted AA’ith AAalcr at the in-dinary tcmpc'raturc, p-inonochloro- 
hydrin behaved siiuilarly to [i-nionolu’omoliydnn. It is to be noted 
that the observations now ix-cordcd differ from tlie stateinf'iits 
of otlicr investigators to the effect that [i-monochloroliydrin and 
p-monohromohydrin are eonqiletely miscil)lc AA’ith Avater (compare 
Henry, loc. ed., and Hiihnann, Jar. ciV.). In the case of cthylene- 
broMiohydriti tlic difficulty of eliminating the last traces of the non- 
nnscible tlihroinide A\as descrilx'd in a former paper [loc. i'ii, 
p, 12] C) ; hut although similar difliculties e.xist m these instances, the 
moriolialogonohydrins elt'arly approacli tlu^ region of })artial misci- 
bility iji Holmes's tahh-, TJie glyceryl monohroimdiydrin described 
by VTley (./n/n-ovc/er., 18S3, S5S) is stated to he immiscible AA'ith water 
(b. p. IGtr/OO mm,, dj 1-717}, whilst the supposed glyceryl mono- 
bromohydrin of Wohl and Xcuherg, olitained in small yield by 
the action of calcium iiypobrninite and boric acid on ally! alcohol 
{Ber., 1899, 32, 3-190), Avas crystallisA-d from acpieous solution (m. p. 
227-230"). 
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In-action 3 in t.he above table, boiling indefinitely at 125 — 1987 
]‘1'5 iiRH'j possessed siniilar solubility relationshij^s, but its density 
was appreciably higher: d'l PiloTl; df l’3:i82 (vacuum). The 
fraction would thus appear to contaiii an isonuu-ie monoehloro- 
))vdvin, and in mentioning this possil)ility attention may be directed 
to the reported occurrence of several un(*xi)e(:ted isomeric, mono- 
hrnmohydrins, including the curious solid compomtd prepared by 
tVohl and Nciiberg [loc. cit.). 

^J)icJilorohydrin, CH^ChCHChCHyOH. — The s])eeimcn of 

^i-dioblorohydrin desciibed above was cohjurless and less viscid Uiaii 
'i-mouocidornhydrin, and it developed no yellow colour on keeping, 
it distilled very regularly at 81 — 81*57 13’5 mm. It was miscible 
with alcohol, ctlier, or acetone, and also uith benzene, but wa.s 
slightly soluble in water at the ordinary temperature. Two 
determinations of density were made: d’ 1-3745; df 1*3531 
(vacuum). Tiie Holmes ratio, calculated from the latter value, is 
1-74. 

Sinnmary, 

1. Cold chlorine ^\aier and broiiiine wai(‘j“ Itave )a,‘en shouu to 
react witli allyl alcohol to produce in each instance glyceryl [i- 
monohalogcno- and li-dibalogenudiydrin, tlu' former in pre- 
dominating amount. 

2. With chlorine water, the process is ditiiculi to control, and 
mucii of the ailyl alcohol is eoiuau'ted to otlu^r products; i)ut with 
liromine water the reaction pursae.s a course parallel to that Ixdween 
bromine u'atcr and elliylcue, and should 1)0 of practical importance 
as a prcj^arativc nu'thod. 

3. The physical characteristics of tlu' four lialogenoliydrins tluis 
prepared are summarised in the folIo^^ ing table and compared with 
tlic corresponding data available for other preparations of tliesc 
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Vniviuisity ue Svoncy. [UicdrvcJ, Man-h 31^0 ltt-2.] 
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ROWK AND DAA^IRS : 


CXVIIL — Sludies in the Dihydronaphthalene Serk<i 
Fart 111, The Oxidation and Brominaiion {^j 
5 : S-Dihydro~a-naphihylamhie. 

By Frederick Maurice Bo we and John Stanley 
Herbert Davies. 

It has been shown prcwioiisly that flr-tctralyydro-a-naphtliylamiiK. 
possesses many interesting properties, for in .some cases it exl)ilii{< 
the jiroficrties of a benzenoid amine in which tlie hydrogenatofj 
ring may be regarded as a side-chain, wlicrcas in other respects it 
retains the characteristics of a naphthalenoid amine. 

The experiments carried out by one of us on the hydrogonaboii 
of oc-naphthylamine {T., 1918, 113, 935; J. Soc, Ihjers and Co/,. 
1910, 35, 128; J. Soc. CJicm. hid.^ 1920, 39, 24-It; T,, 1920, 117^ 
1374) liave indicated that there is a definite gradation in certain 
[MO]3erties in the selieme of a-naplithylaniirie, 5 : S-dihydro-a. 
uaphthylamine, 7:8- or 3 : G-dihydro-a-naplitlpvlamine, to ar-lctra- 
hvdro-x-napiiilnl amine. 

in this connexion, it ajipeared of inf crest, therefore, to examine 
the behaviour of the dilivdro-5:-na])htlivlamiiLes when submitted to 
otljer reactions, .such as oxidation amt bromiiiation, in order to 
determine whetlier in such cases also tliese com pounds exliibit 
|n' 0 |ier(ies iiiterniediaU' l)etween llio.^e of a-naphthylamine and 
«/--tetrahydro-a-naplithyIainine. 

\~Thc O.ddiiiion of 3 : ^-Diltjifhv-x^naphfhylamiiic. 

When 1 : -l-diliydronaphtiialene and 1 : 2-dihydronap}itl)alenc aiv 
oxidised with alkaline ])erinanga]mte the liydrogenated ring is 
opened at the double linking with tlu' formation of o-])henylcno- 
diacetic acid and o-car])oxy-8-])heny]pn>pionic acid nspectivcly. 
T1 10 fact tluit the latter eoin])i)und is also fornn'd l)y tin* oxidation 
of tetrahydi'ona])htha[f'nc iiulicatc.-- t!i<it in this ease the hydnigcn- 
ated ring beliav(‘s as a side-chain of tin' benzenoid ring. The 
nature of a sidtstituent grouj) in one ring of tin* naphthahme mole- 
cnic, as is a^ell Iniowii, detcrniincs wiiich of tin* two rings will he 
alfeetcd hy oxidation, tlius :c-niti'onaj-]!thalenc yields nitroplithalie 
acid, wlu-i'eas x-naplithylamine yields plithalic acid. In the case 
0 ^ nc-tetraliydro-a- or -8-naphtiiylamine, however, the introduclioii 
(.tf four hydrogen atom.s in the ring containing tin' amino-group 
affect.s the .stability of tlio nucleus to sueli an extent that it is 
rneix'ly opened by oxidation by alkaline permanganate wdh the 
forjiiation of o-earboxy-,T])henyipropionic acid in th(^ })lace of 
plithalic acid. In ilie case of nr-tetrahydro-a- or -fi-naphthylamiiie, 
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on the other hand, complete disruption of the rincr containing tiie 
■nnino-gro^ip occ:ur.s, but the oxidation procixuU past the stage of 
a cvelie diearboxylic aeid, and the second nucleiiR is opened at 11\e 
iioi'iblo linhiiig with the formation of adipic acid. 

In view of the, sc considerations, it uas probal)le that botli rings 
ill the (iihydro-x-naphthylamincs would be unstable to oxidation 
\vitli alkaline permanganate, the hydrogcnatiul ling Ijecauso it is 
definitely unsaturated, and the other ticcniise it contains an ainirio- 
frroup- [t'/'diliydronuiconic acid were formed as the first 

Ita'^e in the oxidation of d : 8-diliy{lro-7.-naphthylamine, it was 
iiiiprobable that this compound could lie isolated, as it was shown 
|)V Kupe {AiniuJe)}, 18S9, 256, 12) that it is converted into a niixtun; 
of malonic and oxalic acids by alkaline permanganate. Wlum 
.■) ; 8-(Uhydro-a-naphthylaniine was oxidised with alkaline per- 
iiuui'^auate, oxalic acid was the only oxidation ]i;’fHluet which 
could he isolated, and although the conditions of tlie oxidation 
were varied nlth regard to the t(un]jeraturi\ dnralion of tiu' re- 
action. and the am()iint of permanganate used, oxalic aeid was the 
only oxidation ])rndncl, tcigcther witii nn:dt('r('d o ; St-dihydro-a- 
naphthylamine in some cases. 

It was shown by IhuidK'i'ger and Lengfdd (/hr,, 1 -^ 00 , 23 , 1124 ) 
that ar-tetralpvdro-^-jiaphthvlamine is oxidi>ed to nr-tetrahydro- 
a-naphlhacpiinonc by tix'atment Avith nei<l (lif hromate, hut it was 
difliicult to predict wlndluT tlie oxidation of I'u' isomeric dihydro- 
7-iiaphthylamines undei' similar eondilions would result in the 
formation of diliydro-7-na])htharpiinones. ov whether the oxidation 
would proceed fiirther. .eetually tlu^ latt(“r ])rovod to l^e th.e (-ase, 
for the main product of the oxulation of d : S-di'iydro-'i-napiitliyl- 
amine was 7.-naph1ha(|nimme. togadlier uith a small proportion 
of pldhalic acid, and althougli tiu' oxidation was rejicated under a 
variety of e(An<iitions. no dil'ydro-7.-na]ditlia<juiiuuie ooidd be 
isolated. The oxidation of 7 ; Sn or d : (i-dihydin-7-na})hthylamine 
also resulted in the formatien of ^-luiiditluiquinone, tegetlier Avitii 
a small proportion of phllm.iie acid. 

A .soinewliat >;imilav jT.-nH was ohsmaed by Ihnnberger and 
Kitschelt {hJfy., 18b0. 23. K7li). wlio found tlmt a mixture of 7.-na})li- 
thaquinone and x-naphthel was fm ined by the oxidation t)f nc-tetra- 
liydro-fi-napnt!iy!amine v.itli aeid (lichromaio. 

B. — 77m Jhvniinalio)) of d : and vj 

d : ‘S-liiJiiidro-x-tiaphtJijjhrtniin . 

It has been shown by dIorgan, ^.fickdetliwait. and ^Vin^l('ld (T.. 
U)04, 85, 730) that wlum ('r-tetrahydriXieeto-a-iiaphliiaiids' is 
treated witlt a sohition of liroinine in rmloiv.fornt. an intsrmedlate 
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bromoamine is formed which is subsequently converted 
4-bromo-ar-tetrahydroaceto-a-naphthalide. A study of 4-l)roino. 
and 4-sulphO'Crr-tetrahydro-c£*naphthylamine led these authors to 
the conclusion that the reactivity of the hydrogen atom in 
ortho-position with respect to the amino -group is a characteristic 
property of the naphthalene molecule which is destroyed when the 
non-substituted ring undergoes hydrogenation. 

Tn the case of [3-naphthylamirie, Smith (T., 1904, 85, 728) fomid 
that the liydrogcn atom in the 1 -position, which readily uiulerao^ 
substitution in |3-naphthylainiue, has to a great extent lost iu 
reactivity in ar-tetrahydro-fi-naphthylamine, and is comparahb 
with the hydrogen in the ortho-position with respect to the amino, 
group in a benzenoid amine. Thus, the hr omi nation of rrr-totra- 
hydroaeeto-^-naphthalide gives rise to 4-bromo- and l-hromo- 
rtr-tetrahydroaccto-3-naphthalide, whereas, under similar conditions. 
aceto-[5-iiaphthalide yields only l-bromoaceto-^-naphthalide. Thp 
decreased reactivity of the hydrogen atom in the 1 -position ir 
or-tetrahyrlro-l^-naphthylamine is exemplifiod further by the fact 
that treatment of this base with form aldehyde results in the form, 
ation of an an hydro -base analogous tn methyl cneaniline, and there 
is no tendency towards the production of an acridine (Smith, 
1904, 85, 732). 

Tn cojuparison with the.so result. s, the bro mi nation of 5 : S-diliydro- 
a-napbthvlaminc is of interest (ui account of the ■\'ariety of the 
products which is obtained, together with the fact that bromiuatiiin 
is accompanied to a ccrtaiji extent by dehydrogenation. Ihr 
literature contains numerous examples of dehydrogenation in llu' 
benzene series elTected by mean.s of halogens, for exami)le, Crosslcv 
and Haas (T,, lOOIJ, 83, dOo) found that 3 : .Tdichlorodihydru- 
benzene is con\'erted into ?//-dichlorobenzc'n{' by treatnuml with 
phosphorus penlaciiloridc* or b\^ the aetion of a solution of bromine 
in chloroform, wliilst Zelinsky (ifrr, 1895, 28, 782) showed lliat 
1 : 3-dimeth vTr^yr/oliexanc' yields tetrabromo-w-xylene on treat- 
meiit with bromine and aluininiiiin bromide. As far as tlu‘ present 
authors are awarcc liowever, i\() case of this nature has been recorded 
in which similar cdianges occur in the liydronaphthalene .series. 

When 5 : S-diliydroacelo-z-iiaphthalido wa.s treated with onr 
molecular pro|Jortion of l>romiiie in chloroform solution a,t I) , fir’ 
product consisted of a mi.xturc' of unaltered .> : H-diltydroaetTe- 
a-naphthalide, 0 : l-dibromot('(rahydro(tc('lo-y.-(i(iph(hrdi(lr- (1), and 
4-bromoaceto-a-na])hthalidc. The yield of bromo-derivativTs 
low, however, so the j)roportion of bromiiK' was increased to (me 
and a half molecular pro[)(irtions, In this eas(‘ the main jaodint 
of the reaction was 4 : 0 : 
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(II), together with, a small proportion of a mh&iancA melting at 
187^ and some unaltered 5 : ^-diliydroaceto-a^napht halide, but 
0 : 7-dibromotetraiiydroaceto-a-naphthalido could be dctatted. 


Ha NH'CO'CHj 

H, NH'COCII, 

Tt, XH-CO-CH, 

BrndYb 


H/Yb 


\/\/ 

"x 'J 

H, 

H, lir 

il, Hr 

(I.) 

(tb) 

(111.) 

(i : T-Bibromotctrahydroacctn-a-naplitlialide : 

is (‘onvei'ted into 


a-naphthylamine by treatment with mcthyhaleoiiolic potassium 
hydroxide, and into 5 ; S-dihydroaccto-a-naphtiialide by tlio action 
of zinc dust on a solution in methyl ethyl ketone, whilst 4 
trihromotetrahydroaceto-a-naphthalide, \vheii similarly treated, 
yields 4-bromoaceto-a-naphthalide and 4-6ro>/io-5 : ^^-dikydroacf^h- 
(s.-mphihdid<i (III), respectively. 

Attempts to hydrolyse G •. 7'(libromotetrahydroaceto-oc-naph- 
thalide and 4:6: 7-tribromotelrahydroaeeto-a-naphtbaiide with 
alcoholic potassium hydroxide or with sulphuric acid in order to 
obtain the free bases proved unsucce.ssful owing to the case with 
which hydrogen bromide is removed from these compounds. 

Consequently, an experiment was carried out in which 6 : S- 
dibydro-a-najilithylamine was treated with one molecular proportion 
of bromine in chloroform solution at (C. I'he jwoduct ])roved {u 
l)e a complex inixlure of amines, from which '2 : 4n]ibromo-a-naph- 
thylamino was isolated without great' dillieulty. Attempts to 
separate^ the residue into its eonstitnents proved unsueeessfu!, 
however, until it was aeetylatcd, aftcT wiiicli a prolonged series 
of fractional crystallisations led to tlie isolation of 4:0:7-tri- 
bvomotctrahydroaeeto- a-n aphtha lide (11), 4.])romo-5 : Halihvdro- 
aeeto-oc-naphthalide (111), and 4d)romnaeeti)-x-nu]tid])ali(le. 

When 4-l)rorao-5 : S-diiiydroae(>to-x-naphthalide was treated with 
ddute nilric acid, nitration and oxidation were simultaueouslv 
cff('cted with the formation of d-lu^mio-^-nitvoaceto-'x-naphtiialide, 
identical with that obtained by the iiitration of 4d)romoaeeto- 
a-naphthalide (Liebennann, A/itinlr)), 1<S76, 483. 260 gives m n 
232 ^). 

The forination of some 4-bromo-") : H-dibydro-a-napiuhvlaminr 
in the bromination of 5 : S-diiiydro-x-]ia])hthyiamine is of intere.4 
us showing tliat substitution by bromine (avurs to a oertain extent 
in pn'fcrence to the saturation of the hydrogenated ring. 

The behaviour of 7 : 8- or d : G-dihvdro-a-najihthylamin(' on 
bromination will be examined subsec|uentiy. 
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4^ X P E R I >r E N T A T., 

The 5 : S-diliy(Iro-a-naplithyUiinine arid 7:8- or o : (i-diliydro 
a-naphthylamine used in the following experinieotf^ were prepared 
a>; de.scTil.)cd by Itowe and f.eviri (T., .1020, 117, 1574). 

O.vidaliofi of o : ^-Dihjfdrihrj.-}iaphlhij!ait(ine. v'ilh Alkalific /V/-. 
manganatc. — A number of oxidations were carried out under a 
variety of conditions, but as the main result was the sa)ne in ^\\ 
cases only one m'cd be desei'il)f‘d. Te?i grams of 5 : S-clilivdiri. 
ac-uajihlliylainiiio, 5 — 10 grams of sodium carbonate, and 200 c.c 
of u'ater were ground into a paste, eoo[e<.l to 5'^, and 1 litre of 4 pf-j> 
cent, aqueous potassium permanganate solution was added drop 
by drop with agitation at tliafc temperatinxu When the ox’idatidu 
was complete, the mixture was boiled and filtered. 4.'he I’csidur 
was extracted with ladling water, and tiu' eoiubined iiitrates and 
residue w('r(‘ extracted scn'eml ti nus with ether. Unaltered 
5 : 8-dihvdro-a-naplitiiylamino was recovered from tiie (“Ihere;)! 
extract ni the form nf its hydrochloride (4 grams). exaiiiin- 

atioji of tiie aqueous liltrat(‘ was basral on the f;mt that V/-ili!iyd]'(j- 
mneonic acid and oxalic acid are v(‘ry sparingly soluble in ether, 
whereas malonie acid is readily soinble i]i this solvent. Th(“ liist 
two acids can be sci)arat('(l by taking advantage- i.f \\iv Ibct tlmi 
calcium oxalate is soluble in hydrochhiide acid, win tvas [-y-diliydnj. 
mucouio acid is preci])itated by liydrochlmdc acid. Tlie eonibiiusl 
aqueous filtrates were coueentrated under diminisln'd prxounv. 
acidified, and extracted with ('tins’. Tin' (diifu* (‘xtraet contained 
a little resinous mattfT, but no malonif' a(-id. The a(pi(>iiU'< ''dii;:i.a 
was tlieri lU'utrali.si'd with ammonia. pi'('(i])itat('d with caieiiaii 
nitrate, and lillfS’ed, A'otliing furtlnu’ (ould b(' isolated from ths' 
77n* w//i(e. aniorji/mus juv'cipitati' (4 gram.s) u.a.s ('mn- 
pletely solubl(‘ in li\'droefitori(' acid. Tlu^ cah'ium was nonnved 
as sulphate, and {juiv (jxa.lie acid was isolabsl from tin* tiltrate. 

of 5 : >\-l ofnjdro-r-ua iihihjjltniiiin tri/k Arid iJicitroii/tili. 
— A si!spen>ion of tin' ilm'ly (li\’ide[l si!(pliat(' was prepaix'd fnui] 
tl grams of 5 : S-dihviii'et-'oiiajdithyiamine, 250 c.('. of water, and 
75 grams of sulpbiuie arid, and an a(pn'ons stdution of S grams of 
|jotasdum diehromate was added slowly below ltd'. The mixluiv 
was kept over-iuLdd. and as it contained unc'Iianged amine, a 
further (piantity of dieiiirmiale was tlu'n added. When the oxidation 
was compk'te the mixture was li!t('i'('(k and the preeipitate and 
nitrate wore extracted with ether, Idithalie acid was extraet('d 
from the residin' with diluti' sodium liydroxidt'. 'Hu' ethereal 
extracts were, distilled, and a rt'sidue (4 dark brown needles was 
obtained. This \ras |;u:'itic<i by disl ill;:! ion in a current of steam 
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and formed yellow needles of a-iiaphthaouinoiie melting at 124— 
125°. 

The oxidation of 7 : 8- or 5 : O-dibydro-a-nniilitliylumiiie with 
acid dichroraat(' similarly yielded only a-naphthaquinonc and 
phthalic acid. 

Bromhiatioii of o : ^d)ihi/droace{o-y.~Hapkh.ali(k idih one Molecular 
Proportion of Bromine. 

A solution of 9-4 graiiis of bromine in 110 c.e. of dry chloroform 
was added drop by Mop with agitation to a solution of 11 gram.s 
of 5 : S-dihydroaccto-a-naplithalide, m. p. Ibly in 100 c.e. of 
chloroform at O'b The solution tvas concentrated at the ordinary 
temperature until the s('paration of a white, erystallijie precipitate 
was complete. The ]Ji’uduct proved to be a mixture, whieh was 
separated by repeated fractional etystallisatioii, using alcohol, 
acetic acid, and solvent naphtha as sohauits, into 0 : l-dibr'omo- 
lrtraJufdroacetO‘:iL-nap]ilhfdide, silky, feathery needles melting 
at 179— 179*5‘’ (hound: 41-20; H — :h7l>; Br^ 40-11. 

Ci^HjgOXBrg requires 0 41-50; H ^ 8-75; Br = 40-11 ])er 

cent.), and 4-bronn)aeeto-Dc-nap}ithalidc, flat, glistening needles 
niching at 193°. The melting point of the latter eomjiound was 
not depressed by admixture with 4-bromoaceto-7-niaplithalide 
obtained by brominating aceto-^-naphthalide (Meldola, Ber., 1878, 
41 , 1906). The remainder of the chloroform solution yielded a 
resinous product, from wliitli 5 ; Swlibydroaceto-a-iiaphthalidc only 
u'as isolated with difficulty. 

ii :l-l)ibro)notetrahydroaceto-%-naphtJialide is readily soluble in 
hot alcohol, acetic acid, toluene, benzene, and cold pyridine, but 
sparingly soluble in hot light petroleum. When it is heated above 
its melting point or wiicn heated with sulphuric acid, hydrogen 
bromide is evolved. 

Copversion of G :1d)ibromot(iyahjdroacclo-y.-naijJiihaJide info 
y.’XaphtJiylamiite . — A solution of 1 grain of 0 : 7-dibromotctra- 
hydroacetO’X-naphthahde and 5 grams of pota.ssiiun liydroxide ni 
■10 c.c. of methyl alcohol was boiled under rtilux for one and a 
half Jiours. The potassium bromide which separated was filtered, 
and the filtrate diluted with water and extracted with ether. The 
(’ther wxis removed, and the residue crystallised from alcohol atid 
identiliod us a-naphthylamino, colourless needles melting at oO'. 

Conversion of 0 : 1 - DibromofcfrahydroacetO'Otr-naphthaifde into 
5 : >s l)ihjdro(ieetQ-y.~HaphihaUdc. — An excess of zinc dust was added 
to a boiling solution of 1 gram of 6 : 7wlibromotetrahydroaccto- 
a-naphthalidc in the minimum rpiantity of methyl ethyl ketone 
and the mixtui’e boiled under reiiux for one hour. The zinc was 
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removed and the hltrate evaporated to dryness. The residue \\ag 
crystallised several times from solvent naphtha. The product was 
identi6('d as o ; S-dihydroacoto-a-naphthalide, silky, felted needier 
melting at 164'^. 

Bf‘omi}iatio}i of 5 : ^-Dihjidroaceio-^-naphthnlide iciili out mid o. yj 
Jfolendar P/vj)orlion,'i of Bromine. 

The bromi nation was cfiected as already described except that 
an increased quantity of bromine was used. The yield of ery.stalliiKi 
product was increased considerably, and after several crystaJlij.. 
ations from glacial acetic acid, tlio main product proved to he 
4:6: Idribromoteiraln/droaaln-^L-jfaphf halide, well-dciined, {’f)loiii']oij.s 
needles melting at 201*5 — 202" (I'oinid: C = 34’16; H - 
Br - 56-l(). Ci.Hi.ONBnj requires C - ;i3-80; II = 2-82; Br J 
56-34 per cent,), 

In addition, some unaltered 5 : 8-dihydroaceto-a-naphthalido vas 
isolated, together with a small (piantity of a fnibsl-ance, which cois- 
tained bromine and crystallised in colourless needles melting at 187 , 
4:0: 1‘Tribruniolcl)vhijdroacetu-:i-iiajddhn!ide is difticultly sehible 
in alcohol, slowly soluble in hot acetic acid, insoluble in etluT, 
benzene, and toluene, inodcrately soluble in hot ethyl acetate, and 
readily soluble in hot solvent naphtha and in cold pyridine. IVhoi 
it is heated above it,s melting 2 :)oint, hydrogen bromide is evolved. 
Conversion of 4:6: l-Tribromotclrahi/droacelo-'ji-najddhalidf’ into 
i-Bromo(Keto-y.-iiaphihaIid ('. — A solution of 1 gram of 4:6:7-lii 
bromotetrahyclroaceto-a-naphthalide and 4 grams of potasdiiin 
liydroxide in 30 c.c. of methyl alcohol was boiled under reflux for 
twD hours. The potassium bromide which separated was tillered, 
and the filtrate was precipitated with water and extracted with 
ether. The product, which was crystallised from alcohol and then 
from solvent naphtha, was identified as 4-bromoaceto-7.-naphthalidt\ 
flat, silvery needles melting at 1935 
Conversion of 4:0 : 1 ^Tub)'omoi(drahijdroacefo-y.-naphthaluk info 
4-BromO‘O ; SafiJrpdrofJce(o-%-naphth<d.ide . — •Tins ivas effected in a 
similar manner to that already' described for the conversion 
of 6 : 7-flibromotctrahydroaccto-x-naphthalidc into 5:8-diliydi'0- 
accto-ic-napiit halide. The product was crystallised from solvent 
naphtha and formed fiat, silvery needles melting at 213-5'' with 
previous softening (FoujkI : C - 53-80; H -- 4*56;' Br — 
CisHioOXBr requires C - 5413 ; H 4-51 ; Br = 30-07 per cent ). 

i-Bronio-o : S-dihpdi'oa{xio-y.-}ia phi halide is readily soluble in hot 
alcohol, acetic acid, pyridine, acetojie, and methyl ethyl ketone. 
When it is heated with sulphuric acid, sulphur dioxide is evolved; 
an attempt to make use of this reaction for the oxidation of the 
dihydro-derivativo to Idiroraoaoeto-s-naphthalide failed. 
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f reatmmt of 4-5romo-5 : ^dihjdroaMo-^i-miphihGlide mth Dilute 
Sifric - All excess of dilute nitric acid (1 part of nitric acid, 
(i 142, to 4 parts of water) was added to a solution of 1 gram of 
4.bromo-5 : 8-diliydroaceto-a-naplitlialide in glacial acetic acid, and 
tlic mixture boiled for some time. After cooling and diluting witli 
water, a yellow, crystalline preeipitato separated, which was tiltered. 
and crystallised several times from dilute acetic acid. 4-Broiiio- 
•Jmitruaceto-a-naphthalide forms long, faintly coloured needles 
melting at 234°. 

Brominalion of 5 : S-Dihydro-'j.~7iapkfhykniinc 7vi(h out Mokadar 
Proportion of Bromine. 

A chloroform solution of 22-() grams of 5 ; S-dihydro-x-iiaphtliyl- 
aiiiinc was treated with a chloroform solution of bromine (1 mol.) 
in a similar manner to tluat already described for 5 : S-diliydroaccto- 
c(-naphthalide. When the chloroform solution was concentrated, 
2S-.‘) grams of a crystalline product W'oro obtained, and the filtrate 
cojitaincd resinous by-products. Tlie crystalline product proved to 
be a mixture of amines, only one of w’hich, 2 : 4-dihronio-a-naphthyl- 
amine, could be isolated after repeated cryslailisation from dilute 
alcohol, 2 : 4'Dibromo-a-naphthylamino forms almost colourless 
needles melting at llo-.'r (Found: C = 39-02; H = 2-52; Br = 

03- 29. Calc., C = 39-87 ; II = 2-33; Br = 53-16 per cent.), and 
on acetylation yields 2 : 4-dibromoaceto-a-iiaphthalide melting at 
22G°. These products were identical with those described by 
Meldnla {Ber., 18/9, 12, 19G1), In order to isolate the other pro- 
ducts of bromination, the rc.sidue was crystallised several times 
from a mixture of toluene and alcohol at 85°. The crystalline 
product, fiat needles or plates, wliich analysi.s showed to be a 
mixture, was then acetylated. After a prolonged series of fractional 
crystallisations, in which acetic acid, acetone, methyl ethyl ketone, 
and solvent naphtha were used as solvents, it was }iossible to isolate 
4:6; 7-tribrojnotetrahydroaceto-a-naplithalide, glistening needles 
melting at 201-5 -202°, identical with that already described, 

4- bromo-5 : 8-dibydroaceto-a-naphthalide, long, flat, glistening 
needles melting at 214° (Found: 0 = 53-76; H 4-76; Br = 
30-27 per cent.), identical with that already described, and 4-brouio- 
aceto-a-naphthalide, needles, melting at 193°. 

It is desired to acknowledge a grant made to one of us (J. 8. H, D.) 
by the Department of Scientific and Industrial Bcscarch which has 
enabled this investigation to be carried out. 
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CXIX,— The Eeaclmiif of Ammonia. 

By Edward Charles Cyril Baly and Herbert Maxwell J)lman 

In a recent paper (Baly and Barker, T., 1921, 119, Co3), 80 %. 
results were described which had been obtained during a Cjuaini. 
tativc investigation of the photochemical reaction between hydrogel^ 
and chlorine. It was found that on exposing the mixture of these 
two gases to light of various intensities llic velocity of union during 
the first few minutes increases up to a maximum which roniaiai 
constant. This result has such great significance in relation to 
modern views of chemical reaction that we undertook some expi. 
nicnts in order to see if a similar result could be obtained in analogoijv 
cases. The essential cMindition for the obscr\ ation of thn plif. 
nomenon is the stimulation of an exothermic reaction by the supply 
of energy at a constant rate, the phenomenon itself being due to 
tlic rcabsorptioii by the surrounding molecules of the energy that 
is radiated during the reaction. A series of measurements wai 
made of the decomposition of nitrous oxide by a platinum vir,; 
heated by a constant current. It is sullicieiii to record tlie faot 
that during the first foAv seconds the velocity of decomposition 
increases to a maximum, just a.s in the case of the union hetweeii 
hvdrotien and chlorine. When ammonia was substituted for the 
nitrous oxide, this phenomenon was not observed, but this is to 
be expected, since the decomposition of ammonia is an eiulotljcrmic 
reaction. 

In the case of ammonia, the very remarkable fact was notked 
tliat, with the platinum wire heated at a constant temperature the 
amount of decompo.'jition clfocted in a given time varied very 
considerably with the velocity with which the sample of gas had 
been withdrawn from a cylinder of the compressed gas. lliis 
phenomenon ha.s been investigated fiy us in detail, and it is only 
after eighteen months’ work, during which the most ligid 
have been applied, that wo now lay our results before the Chemical 
Society. 

The apparatus ('nijihiveti consisted simply of a wide glass tuhe 
closed at both ends, with a short piece of st<iut platinum ivnv 
sealed in at each end. A coil of thin platinum wire, was attachod 
to these two stout wires and this coil was heated by means of jn 
electric current from acoumulaloi’s. The glass vessel was pio\kbn 
with an entrance and an exit tube and was filled by passing a stream 
of ammonia through it. The vessel was completely immersed m 
a tank through which a constant stream of water was maintauiH 
Since this w'ater came direct from the low-level mains, no appK" 
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ciable variation in temperature took place during a day’s work. 
The decomposition vessel was connected through a tube 0-5 mm. 
internal diameter and 1 metre long with a delicate manometer 
lilletl with xylene. The ciiiTcnt was measured to within ()-01 
aiiiperc and the time was measured by a quarter-second clock. 

The method of experimontaiion was as follows. Tlic decom- 
position vessel, after being carefully cleaned and thf)roughly dried, 
was tilled with ammonia, and the intoi’nal pressure balanced against 
the atmosphere l)y means of the manometer. The vessel was then 
closed by stop-cocks on tlie entrance and exit tul)es, and a known 
current wa.s passed through the: platinum wire for exactly ten or 
twenty seconds, After suflicient time had elapsed, connexion was 
remade with the manoTneter, and the expansion measured, the 
accuracy of measurement being O-OU-l- c.c. It is ol)vious from this 
method of experiment that any two observations could be made 
slrictl}- comparable, since, if no change is made in the wire, the 
passage of the same amount of electricity through the wire for the 
same time causes a radiation of the same amount of energy to 
the ammonia in the vessel. This was oxperimentaiiy couiirmed, 
hi'caiise witli a constant current during a (‘onslant time the same 
sample of ammonia always A\as decomposed to the samc^ extent, 
provided no ohange was made in the wire. Tor the sake of con- 
venience a scries of decompositions of ordinary ammonia was 
curried out v ith different currents, the lime i)eing the same in each, 
and from those a curve was drawn, iiie results obtaimal with 
any given current for the same time could at once be checked 
against this curve. 

It lias been proved coneliisively that constant decomposition 
values are given by ammonia vvliicli has been obtained by slow 
escape from a cyhrider of compressed gas or by gently heating the 
concentrated aqueous solntiou. It has also been proved that if 
the gas from either source is liquelied and allowed to evaporate 
isothermally at its boiling point, the ammonia thus obtained gives 
a decomposition value which is identical with that given by the 
two previous preparations of the gas. It has been previously 
mentioned that if ammonia is allowed to escape very rapidly from 
a cylinder containing the liquetied gas, different decomposition 
values are obtained, these being in point of fact much smaller than 
those given by ordinary ammonia. It was eveutually found thaj 
when liquetied ammonia is rapidly evaporated, tlie gas giv^es a 
much lower decomposition value than ordinary ammonia. 

There is no doubt that this phenomenon is a specitic property 
of the ammonia and tliat two different types of ammonia can bo 
prepared, an active and an inactive phase. This conclusion ha.s 
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beon definitely established by the following experiments. In 
first pjae(.s two samples of ammonia can bo prepared, one bein-r 
active and the other inactive. These may be passed altoi-uap.jy 
into the apparatus and supplied with the same ([uantity of encruv 
w hen high and low decomposition values are alternately obtaiiitd 
fn the second place, if the decomposition vessel is filled with iiiacih,. 
ammonia, and the wire heated at about 200^^, the gas after a di(;n 
time will become active and give a decomposition value which [, 
ecpial to that of normal or active ammonia. Active ammonui. b 
not affected by this treatment. In the third place, a cylinder lii]] 
of liquefied ammonia may be taken and by rapid evaporation 
the liquid the inactive gas may be obtained. When the cylijukr 
is allowed to remain, the gas left in the cylinder slowly recovers its 
normal acti\ity, the lime for complete recovery depending un thf 
siz.e of the cylinder. With a 15 lb. C 3 linder, the recovery -will i,,. 
complete witliln twelve hours, but with a 100 lb. cylinder, the 
recoveiy will not be complete until twenty-four hours have daind. 

Wo have thus proved tliat the inactive ammonia becomes riorina] 
when allowed to reinaiii for some hours in contact with the liqticiiccl 
gas, but that in the ab.se uce of the liquid it does not recover 
gently heated. 

In the following table are given a few results selected at raiuioiii 
from amongst the many hundred measurements that we have made. 


Type of 

Currciu 

Tiino in 

Kxpuir-iun 

UorcrriTu 

aiuuuul 

ammonia. 

(amperes). 


in e.e. 

dccomjjos 

Active 

■I'Cl) 


1!-D> 

I’OO 


4'U) 


0-(i.j 

1 41 




Ml4 





i-:m 

■J 


4 'AO 


■C' 1 Si 

4- ,0 

Iiuiclive 

4'On 


o--:a 

le O. 


4-L(i 


o-:i7 



4’r.'> 



1-M 

'.'•ci 

” 

4-00 





The difference ix'twcen the results obtained will) the active giisaiid 
the inactive gas is W'Vy clearly shown, By the measuivmciii ui the 
amount of decomposition when the same sample of ainmeiiia 
twice heated, using the same current for the same time iu ciicii 
case, further confirmatory evidence has been obtained, smcc tli<‘ 
r.atios between the lirst and second decompositions arc markcdl;: 
differeul with llie two types of ammonia. In the case of actin' 
ammo’iia the ratio is aliout 2'0, whilst with the inactive ammoiin 
the ratio is onlv^ about To. It is evident from tlii.s that in the ciC'C 
of inactive ammonia part of the eiu^rgy is utilised during the lirst 
heating in activating some of the inactive modification. It ^n■)uld 
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al80 soeiu to be established that tiic two types of annnonia, active 
and inactive, do not entirely consist of different phases, V)ut tliat 
two different phases exist which require different annnints of 
energy to decompose them and that the active and inactive tvj)es 
differ in the relative amounts of the two phases whieli they contain. 
Whilst it is not possible from the measurements u'c liave made to 
determine the relative amounts present > it appears to be established 
that the two phases exist, differing in their energy content. 

Wc have also investigated the induence of water vajxnir on tlni 
decomposition of ammonia, and tln^ residts wo ha\c oi»tnined are 
uf particular interest in their hearing on H. B. Baker's w('ll-kno\va 
discovery that perfectly dry ammonia does not react witli hydre/gen 
chloride. We have found that the addition of water vapour'’ to 
ammonia very greatly increases the amomit of decomposition 
caused by a definite amount of energy, the increase dep(mdiiig on 
the amount of water vapour present, ^Vf; have further ])roved 
that ammonia, the activity of which has been incrcaseil Iiy ilie 
addition of water vapour, loses this increa.sed activity whm) rlried 
Iiy means of quicklime. The amount, therefore, of the reardive 
phase present is increased when the ammonia is moist, and is 
decreased when the ammonia is dried. The suggr^stiou may la; 
made that the amount of the active phase present will still further 
be decreased by more complete drying, and that, when absolutely 
dry, ammonia will consist only of the inactive phase. This would 
offer an explanation of the fact that perfectly dry ammonia does not 
leact with hydrogen chloride, this particular reaetivitv being a 
property of our active phase. We endeavoured to obtain the 
decomposition value of ammonia that had been dried by phosplioiic; 
oxide, but wc found that the results were vitiated liy the ])resencc 
of volatile phosphorus compounds. It may also be* recorded that 
the decomposition value of ammonia i.s increased by xj'leno vapour 
and oilier hydrocarbons, although to a les.s extent tlian bv water 
^apoui. This fact is of some interest, since it is known that suck 
suhstanccs cause perfectly dry ammonia to r(ra('t with hvdro'mn 
cidoride. 

in discussing these results, attention may be directed to tlic \erv 
icmaikable differences which iiave been oi)servcd iictween the 
al)sorption spectra of certain substances in the vapour and liquid 
elates. 3Iany compounds, more particularly the nitrogen com- 
pounds such as aniline, pyridine, piperidine, etc., show entirely 
dilfercut absorption bands as liquid and vapour. Wiiaicver i .\p!a i la- 
tioii may be accepted of this, the fact remains that ihe iicjuid and 
gaseous molecules differ from one another. JSiucc tiii.s jiiienomeiion 
hiir, been observed with so many nitrogen compounds, it probably 
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also exists in the case of the parent substance, ammonia, and 
therefore the inactive gas may be assumed to contain more than 
(lie normal number of the molecules characteristic of the lifiueticd 
gas, Reference may also bo made to the fact that when str-m,, 
sul])huric acid is added to liiiuefied ammonia no combination talus 
place bet u ecu tlic two liipiids, but as the liquid ammonia evaporates, 
the gas readily comliinos with the acid. Idiis observation suppm-t^ 
the conclusion that the liquid consist, s of that molecular phase 
whicli d()e,s not react with acid, and also the deduction that om- 
inactive phase is identical with the non-reaetive ammonia prepared 
by Baker. 

It follows from this that tlio active and inactive forms of ainmoniii 
should show different absorption spectra, and we hope to iiua-'f. 
tigate this point. Vov thi.s purpose, a vacuum spectrograph h 
necessarx', since the absorption band of ammonia lie,s in the very 
extreme ultra- violet. Referonce may also bo made to the eun- 
ception of gasogen and litjuidogrn molecules advanced by Traube 
Phi/.s'ik, 1902, [tv], 8, 2()7). A very interesting result has 
also been noted liy ^Voltereck [Conipt, rouL, 1908, 147, hid) as 
regards the leinpi'raturc at which ammonia dceom])oses. Jhin.: 
dry ammonia, when passed through a heated glass lube, i.< m\ 
decomposed below 020", but in the presence of water vapour or 
organic matter the deeoniposition hegius at a considerably loxvtT 
temperature. This observation agrees in every way with the 
experimental results now recorded. 

These results conform to the theory of molecular phases put 
forward by one of us (Raly, Phil. M(tg., 1920, [vi], 40, lo), aecordiui: 
to which a molecule, when freshly .synthesised, is metastable and 
at once loses energ\' and passes into one of a number of possible 
phases. The energy is lost in terms of the molecular quantum of 
energy which is a fundamental unit characteristic of the molecule. 
Each consecutive phase differs in energy content by one muleenlar 
quantum and each jdiase is characterised hy a specific reactivity 
and by an absorption band, the frequency of which is an exact 
integral multiple of the fundamental molecular frequency. It k 
possible to change the phase in which a molecule exists by supplying 
energy to it or by taking emu'gy froin it. There are three methods 
of supplying energy to a molccuie and of changing its pliasc. Ihc 
eilergy may be given by a material catalyst, or the molecule may 
be exposed to long-wa\'e radiation (heat) or to short-wave radiation 
(light). The increases in reactivity that ensues is due to the change 
in phase wliich is produced. In the case of ammonia, the two 
phases clearly differ in energy content, since a greater amount (^f 
energy is required (o decompose the inactive phase. They also 
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differ in reactivity, since the inactive phase is doubtless that phase 
which Baker found to be incapable of reacting with liydrogen 
chloride. We do not claim to liave prepared either of the two 
phases in the pure state, but wo claim that our results establish 
the existence of the two phases and explain the want of reactivity 
flf dry ammonia. In view of the present results and the change of 
nioleciilar phase obtained on drying, it inay well bo suggested that 
.similar phase changes may be procluc{'d on drying other substances. 
For example, it is to bo expected lliat, if completely dried, nnilimg 
jwridiuc, and piperidine vapours will ])e fouiul to consist of the 
same phase as the liquids. 

Finally, we may record some observations on the hc'haviour of 
tlie platinum wire. In our early experiment.s, a wire was used 
which pTC\uously had been employed in a long series of measure- 
ments of the decomposition of nitrous oxide, and it was with tliis 
wire that the first observations of the ammonia phenomenon were 
made. This wire was accidentally fused, and on selling iq) another 
apparatus fitted with a piece of the same wire we found that no 
difference could he detected in tlu‘ decompo.sition values of the 
two types of ammonia. Several kind.s of wire were tried, Imt. in 
each case the result was the same. We found that the wire must 
be activated in some way, and lliat this may lie effected by alter- 
nately heating the wire to 500''’ and cooling it, this being done at 
.sliort intervals for .se\'eral hours. Wo found also that tin- wire 
may he activated in tlie same way as is necessary in the catalytic 
oxidat’on of ammonia in air to nitric acid. A mixture of ammonia 
and air was passed tlirougli the decomposition vessel and the wire 
was electrically heated to bright redness. After a short time, the 
eleclric current lieing constant , tlie temperature of the ware began 
to increase. The current wars then decreased little by little, until 
iiiially it was found that the wire remained incandescent when the 
current was stopped. When the wire had been so treated and 
activated in either of tlie abo^’e ways, the two types of ammonia 
at once gave the different decomposition values recorded above. 
Although the wire never loses its acti\ ity entirely after it has once 
been activated, yet the activity falls to a smaller and constant 
value after long use. The full activity can at once bo restored by 
heating the wire to bright iX'dncss for about tw'cnty seconds, 
further, a fully activated wire suffm'.s a loss in activity on heating 
at about 250'^ for a short time. This peculiar behaviour of tlie wire 
led u.s to investigate most carefully the possibility of our rosidts 
having been due to the poisoning of the wire, but the evidence we 
have gained very definitely negative's this possibility. This may 
be judged from the following summary of our results. 
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Summary. 

\. The decomposition of ammonia by means of a hot platimini 
•wire has been measured. 

2. Two types of ammonia may be prepared, an inactive and 
active modification, which arc decomposed to different extent,!, l,v 
the same (juantily of energy. 

3. The active form is obtained by slow withdrawal of ammonia 
from a cylindei' cmtlaining flie compressed gas, by warming ihc 
concentrated acpieous solution and drying the gas by quichlhne^ 
and by isothm'inai evaporation of the licpiefied gas at its boiling point, 

4. 'I’he inactive form is obtained by rapid evaporation of the 
li(]ueficd gas. 

o, TIk' inactive gas slowly recovers its activity on remaining in 
<‘<)iitact with the liquefied gas. The same effect can be produced k 
gent I V warming the gas by moans of a platinum wire lieated at '2m , 

d. Aclive and inactive ammonia passed alternately into tlu' same 
deconijHfsition vessel give with a fixed supply of energy high aid 
low deeomj)nsi(ion values. 

7. When tlie same sani])le of ammonia is twice exposed to tl:- 
lieated wire, the ratios of tlie amounts decomposed in tlie t',vn 
ease.s diffei- very materially with the two forms. 

5. Tlie addition of water \'apoiir increases the reaetivity nf 
ammonia, the increase being proportional to the amount of waU-r 
\'aponr jircscnt. The enhanced reaetivity is removed on drying 
the gas with quicklime. 

0. Two fliffercnt molecular pliases of ammonia exist wliidi 
possess different reactivities and require different amoimts d 
energy to decompose them. The active and inactive forne dj 
ammonia now described differ in the ivlativi* amounts of tliese livi 
jilmses 'a Inch tiny contain, 

1(1. There is little (Imibl that llic pliasi' of lower energy ermtrin 
is identical witli that wliich is obtained when ammonia is n-ii- 
])let(dv fi-ooil from moisture and wliteh does not comla'nf' wilh 
hydrogen chloride, 

11, in order to observe these phenomena, tlic platinum wiir 
must be activated in the same way as is customary in the ()st^Yakl 
process for the catalytic oxidation of ammonia in air to nitric acid. 
Aiternalively. the activation may be effected by rapidly heating 
and cooling the wire for several honrs. 

In conclusion, we tender onr thanks to the Department of Seien- 
title and IndiistiTil Desvai'cli for a grant to one of us {H. M. Ih 
whieli lia> cnaidi'd this investigation to be carried out. 

'j'ffi: 1 .SIVKKSl I'V. 

Liver rooL, [Recti ved, April 22ri(L IH--?.; 
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^Researches on SnJphurj/l Chloride. Pari II. 
i New Clilorinaling Agent : Preparation of Poly- 
chloro-de.rivatives of Benzene. 

By Oswald Silbekrad. 

TiiE consists essentially of a solution of sulpluir mono- 

oliloride in sulphury! chloride, which, ’\^hcn hron^dit into contact 
\vitli aluiuiniuin chloride, gives rise to an aluminium sulphur 
cliloride having the composition ALSoClg; this conijiound, in the 
jnvscnee of sulphuryl (‘liloridc, poss('ss('s Die most remarkahle 
chlnrinaling properties. In practice, it is not lu'cessary to isolate 
th(‘ aluininium sulpluir cliloride; indof'd, chlorination l>y its aid 
is most easily elfoetod by allowing llu' solution of sulphur ehloriih' 
in sulphuryl chloride to a(‘t on tli(> eoitijiound to he chlorinated in 
llte pusence of aluininium ehloridi'. in tliis mamu'r. an\’ decree 
r.f (iilorination can h(‘ brought about. Thus eldoi'ohctr/.ono is 
readily converted into di-, tetra-, or la'-ca-clditrohcir/anu'. acenrdim: 
to the anuMint of sijl[)hui'yl chloride add(‘d, the ojjeration being 
fnnveuiently carried out on an ordinary water-hnth. The activitv 
(,[' this reagent is the more reniarkahle when it is reimunhered that 
benzene may be hoiled with pure sul))lmryl cldorale alnuist in- 
(lofinitely wilhout any ajijireeiablc quantity even of monochlorfe 
beiizeue being ])rodiiced (eompare Dubois. 7j. (-hrm. von Beilstein 
and Fritz iliihiier, ISOO, 2, TOa : Tohl nof! llhe-diard, ihr., ISO:!, 
2G. 2011). The reactions involved aj/jiear to Ix’ I'a.tlier eom])lex: 
]]] tlu‘ lirst (ilaee aluminium eh.loride dissolves in exe(‘>s ed sul]»huryi 
eh!(i]-i(|e with evolution of chlorine and format inn of tlu- compound 
for which (lie name ahniiiniiun ehln)'(jsulplie-xide is 
•ugL'estod (compare Adrianowsky, Is7'). 12. tiSS; Mult. 

35, d lo:>). On adding suljdiui' to this solution. Itiiff 
(/hr.. 1001, 34. 1740) obtaimsl su!jdiui‘ mono-, dl-. or tetra -chloride 
iueordiug to 1h(‘ lemiierature to which tlu' reacting materials were 
all Aved to rise. If. however, sulphur or sulphur monoehloride be 
hremght into contact with a fairly conceutrah'd solution of the 
aluininium cli!orosulphoxid(\ a thick, almost eolourless crystalline 
Miagitui possessing tiie {‘ouqinsition AbOl.>.SA'l.-. separates.* This 

It is Jilt ri-osi iiiii to nole lluif. so nir tuv-k fe- ISUT. iUinds'iioot oLsrTved 
tli:a "shoot oluiniulam hmcIs vicilently ovi gonilv vaiMiiny w'itli siilithur 
iiwiiujf-lildi'ith-. a bfown liquid distils over, and ei'vsmls, gsihans of a roin- 
IK-ur.d of aluminium clilorido aad suljiliur clihuide. ao’ I'nrim-d " [('ompt. 

ISO/. 64. aOs ; Jithrcvht. r., vou Leihig and Kou)). iSvlT. l.'O). I mil 
iiiAv. iiLAU'vei', no one lo liavc isolated tills « oiiij'ouiul in a state of 

I'HT'iiy. or to hate asrertained Its eonqirisit irm. hi tliis eoiineNlon. it sbonlcl 
aha l.( uh.WTved liml iiud<’!' th-e cuiii lit ions des; riin'd ahoVe, iio ovidonee was 
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cnnipoiiiicl is remarkably stable, and may be recrystalliscd frfnj-j 
boiling thionyl chloride or sulphiuyl chloride ; in the latter caso 
liowever, considerable decom position of the solvent occurs; }nj|. 
the chief peculiarity of this latter solution lies in its reinai-kaljif. 
chlorinating properties. Thus, if a crystal of frozen benzene 1^. 
added, elilorinatinn occAirs witli almost explosive violence, anr] 
even such an inert substance as tidrachlorobenzcnc is readily con. 
verted into the })exaeldoro-dej'i^'ati\’e. It ^\'oiiid appear that tlie 
remarkable activity of this reagent d('[)ends on t]u‘ following 
of reactions : 


iAlCl3---2Ala3;so,-„pAla,;sa^scl:A!o^^ 


O.H, 

MCI 


/'I 


)( - h + AlCLSChSCliAKT 

"H O'-) +HCH,S(|, 

S’Sd.’AICL 


The reactions iiuiieated by (iii) and (i\') appear to proceed con- 
tinuously until either the sul|.)lntryl chloride is expended or the 
hydrocarbon is cora])lctely cldoiinated. 

Tn stnd}dng these reactions, tlie formation of intense colours 
was observed in all cases so long as an unsubstituted group re- 
mained ; the colour seems to disaj)pear, howexAT, as soon as substi- 
tution is complete. It would seem ])robabl(', therefore, that 1!ie 
deep moss-green compound to wliioh ])e?it!ml]loro))enzene gives risi' 
should be formulated as r('].iresent('d by 1 hdow, lather tbaji hv 11. 
otherwise tlie coinpound represented by formula TTI should ai-o 
be produced ainl po.ssess ehr{)m()])}io]’i(’ pia^perties, whieli is (Muitrarv 
to experience : 


CKI 

/ 

M\ 

Cl *■' 

\/' 

Cl 


Cl 

Cl ( '} 


Aici3<y. 

ICl 

'mi 




' S'l 


AKtj 

\s-s:a]('] 

(h) 


(ii.) 


(lit.) 


Such ooinpoimds, it will be o}).^erved. ai'O strictly analogous to the 
substituted Ixmzenoid chloiides dt'seriljed by rjungileiseh {Z. Chem. 
von Beilstein and Fritz Hiiimer, bS(iS, 4 , 4G8), Willgerodt (./. pr. 

1S97, [ii], 55, 410), Otto (. I aanhAt', ISOT, 141 , Idl), Matthews 
(T., 180:1, 61 , .104), and Barrals {B/iU. Sor. rJivn., 1805, [iiij, 13. 
418), some of ^^hieh, ijub'ccl, have l)een observed to fonn inteiisely 


obtained of tlie foi'inaiitai of tin' lUJ.'Lii Ide ( (frnjiouud [>o.-.;s!’s.siti”' Oio 

ate eoTnj:>o.sition eoM'(>j)n!!flIri;: Avilii llie formnlM AdOl.j.SCI, descriin'd by Ibnl 

and Plato [fJer., lUUl, 34, IT.Vp. 
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coloured derivatives with great ease (compare Barral, ihid, 1897, 
fiii]. 17, 774). The action of tlii.s reagent on other liydrocarfams 
is heiiij? studied, and particularly with a view to obtain new' eliloridcs 
of carbon. 

Vj X P 10 H T M E X T A L. 

Exam'h'afton of I utcrnie.iJiate 

(1) Chlorosulphoi'idc, AlCLdStb— 'Hiis compound is 

host prepared by adding recently sublimed and finely ground 
anhydrous aluminium chloT’ide (15 grams) to siilpliuiyl eliloride 
{oO c.c.) and agitating tJie mi.xtiire until solution is comj>letc- 
this oecupics about eight liours, during wldeli time liie tem];eraturo 
should be allowed to rise gradually from b' to 90' and moisture 
lie rigidly excluded, dhie jiroduet is then filterc'd through a warm, 
(!rv filter-pai^cr in a eoinpletely enelo.^ed funneh whereby a ruddy 
brown, fioeeiih'iit substance, which contains the iron originally 
present in the aluminium chloride, is removed. 

• The solution of this substaiicc obtained in this manner fumes 
strongly in the air, coats everything with which it coniC's into 
contact with a wliite, seal}' layei', and ]>os.^cs.s(‘s an odour reminis- 
cent of phosphorus ])entachlori(le ; it is dccom})ose(l b}' water 
with a hissing sound, and reacts vigoi’ously witli br/nzene or similar 
hydrocarbons, jiroduciiig liighly eldoi’inated rlerix ati\ es. 

A small quantity of th(' solution was run intr> a weighed luilb, 
freed from excess of sulpliuryl chloride hy warming at oA in a 
vacuum until constant in weight, ami ai!.dys(‘d (Found : A1 — 
l;P5(i; Cl - 53*73. AU'l.dStC ivipiires .\1 - 13-71: ('1 53*85 

pci* cent,), 

(-) Ahitniiiufm Sulphin’ ('hlor‘id< , AbSA'h. or AlClgiSClsSt'il.-UCJg, 
separates as a solid mass when sulidnu’ monoehloride or tineh^ 
grtnind suljhiur is udd('d to liu* ahovi' solid ion id aluminium eliloro- 
Miiphoxide; it is, however, best ])repared hy adding 5 grams of 
sulphur monoehloride, ])revioiisly dissolved in 15 e.e. of tliionyl 
ehlorkU, to a solution of tlu' aluminium ehloiwulplioxide in 
sulphuryi chloride jirepared as above (k'.wribiai from 10 grams of 
iduininiuiii chloride. On mi.'dug thcM' solutions at llie ordinary 
teiuperatun^, a rise of about 1'' ensues, ilu' jni.xture })ecomes per- 
meated with minute huhl.h's of sulpluir dioxide, assumes a more 
viscid character, and on standing for a bwv minutes the desired 
compound crystallises tint in tiny, colourless maalies or lealiets. 

The compound obtained in this way funu's strongly in the air, 
giving oil the charaeleristic* odour of suliihur Jiionoehloride ; it is 
decomposed by waicr with a hissing sound, free sulphur being 
simultaneously precipitated. It is moderately soluble in waiun 
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thienyl chloride and siilplinryl cliloride, from the former of 
it crystallises niit unchanged; its solution in salpluiryl chlorkh j, 
less stable, as its presence induces the catalytic dcoompusition (.f 
this solvent, both suipliur dioxide and chlorine being e\'olv(‘d on 
heating. 

In order to analy.se thi.s compound, a .small quantity of the Mi<. 
pension of crystals prepared as above described was drawn into a 
weighed Gooch crucible through a tube fused into the side of ijjf. 
containing ves.<el, the bulk of the solvent drawn off by suctinn. 
and tlie last traces ^eere ^eashed out with carbon tetracldoricle, iIk- 
latter being finally removed by a current of dry air. The crucible, 
eoritaining the pure dry crystalline compound, was then rapidly 
placed ill a large Aveighing bottle and accurately A\'eighed; the 
whole Avas then transferred to a Avide-mouthed stoppered iioltii.. 
partly filled A\'itli dtstillcd Avater, and the Aveighing bottle so tilted 
as to cause the liil to roll off and the content, s of the crucible in 
come into contact Avith the Avatcr. After the fumes produced had 
become eoinpletel)^ absorbed, excess of pure nitrie acid Ava.s added,* 
and the .soluiiuu filtered from asbestos (originally present iu the 
Gooch crucible) aiul p»'c(ipitatcd sulphur formed by the nedion ol 
AA'ater on the compound. The solution aaq.s tlien made up to a 
known A'olumi', and llio chlorine estimated in the usual maiim'i' 
(Found ; in three separate jmeparations, Cl — 09*l-b GD-O, TOd. 
Al.X'lti,tS.A'l,^ require, s Cl - 700 per cent.), 

Examiiialioii of the Chlorii.dHiig Propcriie-'^ of the Ac?e JkfOjfii 
J^reparalion of PohjrhlorohoiZi’n/:,';. 

ill order to avoid rejudilioti, tlu' method adopted in inve.Aigalit:',: 
the chloniialing propertie.s of this reagent is licix; bi-ii-tly set forili 
iu general terms. 

Pn'ixtralio'.t of Ih: ('hlorinuliiitj Ppjvul . — In the iir.st place. d.»kiie^ 
of the re(piir('d (dilurinatiiig reagent A\ei'0 made u}> by running tlic 
nece.ssary quantity {-oO gram.s) of suipliur mnnoebioride into 
large jar crmtainiiig sulphnryl elihiride; (iS'd grams of this mixtuiv. 
which for the sake of brevity C .siib.sia^uently refeiTcd to a-- the 
ciilorinatiug agent, condaitrs one gi'ani-equivak'nt ol active elilorim' 
or half a gram-molecule of sulidmryl chloride. 

Ccv,f:raJ Pror.tdi rr. -iiie compouml to Ih: chlorinated (geiieraln 
1, or '2 niols.) togetlicr A\-ith liuely ground aiiliydrons aluniinitmi 
chloride (o — 10 grains) A\as placed in a flask submergeil iu a Avalw- 
batli and provided A'vit.b. an eflieient retlux condenser, the upipei 
end of AAbich a^ils connected Avith a second coadmiser, the Inttci 
being loosely packed Avith asbe.sto,s; the tAvo eoiidenscrs Aveiv m 
arranged that the ga.se,s passed up the former and down tnc lattei, 
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the condensate from the second being rr'turned through a traj) in 
(he reaction flask, wliilst tlie gases cA'olved wxor conducted tliroiigli 
a valve to a vessel containing 10 litres of water in ordci* to absorb 
the sulphur dioxide and hydrochloric acul evolved during the 
reaction. By means of this arrangement, all risk is avoided of 
stopping up the reflux condenser with the solid, liiglily chlorinated 
compounds which are volatilised with the gases evolved, and anv 
degree of chlorination can readily be effeeted. The chlorinating 
airent (o — 10 per cent, excess) was tluui run down the reiinx con- 
denser by means of a suitable aropping funnel, the mixture being 
cooled or warmed according to the vigour of the I’caetion, wdiicli 
was coniplcted by warming the bath for a slu'rt time, after which 
the product was wardied with vater and worlu'd up in a manner 
dependent on its physical properties. 

Where the number of ehlorinations to bo eflectod i.s not great, 
it will probably be found more convenient to u.^;e a .single six-biili) 
reflux condenser and to drop the reagent down this, passing the 
gases evolved directly from the top of this condenser fr) the absorjjlion 
vessel; in this case, the reagent carried oif by the gases amounts to 
about 15 per cent., so that the (juaiitity added should he adjusted 
accordiiigljx 

O' and \:i-J)ichlorobenzef)cs.—On adding the ehlorinating agent 
(:18G grams) to the mixture of chloroljonzene (diM grams) and 
aluminiura chloride (5 grams), tin* product turns dark-vandvkc 
lirown and a \'igoroiis reaction proceeds at the ordinary iem- 
])eratiire; this was completed by raising the watei*-bal)i to boiling 
tor a f(‘w minutes. After being wfcdied with boiling water, 275 
grams of an oil were obtained wliieli yielded 1!H> grams of y-diehbiro- 
iieiizene (in. p. olV') and bO grains of an oil which remained liquid at 
— 10'; tins, on fireing fixun the rc*maining traei'.^; of /f-diehloi'o- 
lienzeno by conversion into tin* sul[)hoi]ie acid and liydrolysing tlie 
latter (compare Beilstcnu ami Kui'haton. IsTb, 182, 14: 

Friedel and Crafts, Aut), (lurx.. ISSST. [vi]. 10, 11:1). yieldc'd 37 
grams oi pure o-diehlorul)enz:ene boiling at IT'^ 75S juiu. and 
having a setting point of — IS" (Found : Cl lS-13 per cent.). 

\ -A-Tricliiorobcnzoic- y-Dklilorob(mzene sIkiws a great 
teadc'iiey to pass straight to the tetrachloixi-eom-pnmid. Tlie Is'st 
yield of triehlorobenzcme is olitained by nmning the* viiolc of the 
eiilnrinating agent (14(i grams) at once into the mixture of diehloio- 
Ix'iizene (147 grams) and alumiiuum chloride (5 grams) contained 
iu a suitable Husk and surrounded with cold valer. hi [lie.^e circum- 
stances, the mixture gradually turns a d('ep \ atulykc-brov.n and a 
mild reaction sets in, untii tlu' whole of the ciic*hIoroi)enzciie has 
passed into solution; the water-bath is then tilled with ice in order 
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to control tlic reaction, which is so vigorous that it is not advi:^ui,i,> 
to operate with larger quantities at a time. After boiling ^vith 
water, 190 grams of an oil arc obtained; this, on fractionation 
yields lOo grams of 1 ; 2 : 4-trichlorobenzenc boiling at 212— 2];i- 
and setting at 10“ (Found: Cl = 58-32 per cent,}. From the other 
fractions, o grains of p*dichlorobenzene (m. p. 53“) were rccnvcrofl 
and 16 grams of 1 : 2 : 4 : 5-tetrachlorobenzenc (m, p. 141°). 

1:2:4: ■o-7\Hrachlorohe)izene.. — p-I)ichlorobenzene (294 grains'! 
and aluminium chloride (10 grams) were mixed, the surrouudine 
water-bath was raised to 40“, and the chlorinating agent (oS;? 
grams) rapidly run in. The mass, ^\hich at 6i*st liquefies, rapidfi- 
sets to a solid block of almost pure teii'acldorobeiizene, or rallK-r 
the deep moss-green double compound of tliis substance with 
aluminium sulphur chiorick-, Tlu' reaction is completed by heatini* 
the water- bat li. to cSO''" for one liour. (.)n iicating tlie reaction nins< 
with 200 c.c. of water and 200 c.c. of bcii:/.ene, separating the benzciU' 
solution, and allowing it to cool, an almost solid mass of letni- 
chlorobenzene is obtained; this, oji ivcrystallisation from 
yields 249 grams of the j)urc 1 : 2 : 4 : o-coinpound (in, p. 141') 
(Found : Cl — Oo-Tl per cent,). On distilling off the bulk of ilii> 
solvent, adding an e({ual volume of absolute alcohol, and allowiig' 
to stand over-night, a crystalline dc[:)Osit was oiitained which eii 
recrystallisation yielded a furtlua- .33 grams of 1 : 2 : 4 : .)-tetra- 
chlorohenzcnc : this brings the yield up to 67 per ('(Mit. of tbiwy. 

fsoladoii of 1:2:3: o-Tc(rorhlorohcu':cfic.—-0\i fractionating the 
mot herd i('| nor from three siicli l )atclios as above (that is, from 
882 graims of dichloroben/anu- and 1746 grams of the ehlnrinatitr.: 
agent), 147 grams of a .sofi, crystal lino mass boiling ladwi'cn 2.t! 
and 2r)8"/7.39 {uiii. wcj'c uhtained. Tills was ground nf) uitli 3n() c.c, 
of cold ah,solut(' aleoho!. Tlie residin', 37 grams, consi.sted ('liielly 
of 1:2:4: o-tetraclikH'obenzeiK' and melted, after several iv- 
cfystalli.'<ations, at 146-141 . The alcoholic e.\t[-acl- was then 
concentrated until an oil began to sei)arate, just suifieient aleolio! 
was added to redis.^o]\(> this at 40 y and the solution was allowed 
to stand for’ several day.>. In lliis mauiu'r, 68 grams of a white. 
cr 3 -stalljne solid were obtained, wliich, aft('r several roe rystaliisat ions 
from nltsohite alcohol, nu'ltetl at ”d " and proved to he the 1:2:3: .3- 
isomei’ide (Found : Cl ■ (5.3'43 per cent.). The yield of the purr 
substance wa.s 42 grams, 

Peti((Khfordi(- me — 41iis eompoiiiid cannot lie obtained directly 
from dichlorohenzene, which, (ui ti'catmcmt vith the ealculatwl 
quantity of the new reagent, yields a mixture of ti'tra- and hc.va- 
clilorobenzeju'. Fvi'u tctraehlorobenzenc^ shows a great t('udetU'y 
to pas.s directly to the hexachloro-derii'utive. A small yield ot 
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the pentachloro- compound can, however, be obtained by pro- 
ceedin'^ as follows, but the method cannot Ir' recoin nuaidod for tlie 
])reparatioii of pentaehlorobcn/.c'iie, 

1:2:4: o-Tetrachlorohenzeno (108 grams, finely ground) .sliould 
first he dissolved iu thionyl chloride (1 litnO hy the aid of gentle 
heat, and the solution kept just warm t'lioiigh to prevent the tetra- 
chloro-eoinpound from ery.slallising out. To this solution the 
rc(|uircd chlorinating agent (7:1 grams) is tlnui added, and, la.stly, 
the anln^droiis aluminium chloride {o grams), nliidi latter slumid 
be litK'ly ground and addcsl by degrees under vigorous agitation. 
The mixture should then bi* agitated foi' rd)out <-ight hour.s at a 
teiujierai lire of about 40 ', after whicli tlie reaelio/i is eompleted 
hv h('atiiig at 70 — SO'' for thret- or four hours, in plae(‘ of tliionyi 
chloride, carbon tetraeh!oi !d<‘ may be us(‘(l a.s a sfiUamt. 

On distilling off alioiit 000 e.e. the solvent and allowing the 
residing to cool, a considerable ((uantity of iiexaeiilorolirnzene 
crystallises out (m. p, 22fi ' after nHU'ystallisal ion from iKaizame). 
I'he tiltrate is tlien fre<‘d from the 7‘omaining thionvi chloride by 
flouring into a larger bulk (about 10 litres) of cold water, and the 
precipitated organic matter ground uji with cold absoluti^ alcohol; 
the residue, which constitutes tin* bulk of the product, consists 
chiefly of unchanged tetraehloi'olien/.env ; it uudted at 140 — ItT 
aft(T recrystal I isat foil . Tiie aleohoiie solution is then submittiMl 
to fractional precipitation liy the addition of water, and the more 
soluble portions are reervstalliscd from alcohol; in this 77ianiier, a 
.stiiall quantity of a eomjioiind melting at So — Sb" is ultimately 
ohtained, which analysis proves to Ik* fK-ntaeljloroben/ime (Found : 
Cl — 70-22 per cent.). 

Jlcmchlorobcnzcue— A mixture of the chlorinating agimt (:>14 
grains), finely ground tetraiTloro benzene (210 granos), and aluminium 
chloride (10 grams) (in place* of leti'aehlorob(*nzene, the crude 
product olitained liy treating 147 grams of diehlorobenzene with 
2!)1 grams of the chlorinating agent in the preseiici* of o grams of 
aiLinunium chloride may be used) is warmed to gentle ebullition 
until tlie evolution of gas ceases; this oceupws about eight hours. 
On boiling the product out witli SOO e.e. of benzene and 100 c.c. 
of water, separating the benzene solution, and allowing it to cool, 
tlio hexachloro-compound crystallises out in beaiitifii!, colourle.s.s 
needles which on recrystallisation nu'lt at 22rb (I'ound : (.4 — 74'(>C 
per cent.). The yield amounts to 20() grams of the pure .suiistance, 
or 70 per cent, of the theoretical. 

The author desires to exjjress his thanks to Messrs. A. Hoakc, 
Hoberts and Co. for supplying the sulpiniryl cldoride required for 
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this inv(*sli;.rati<>n, and also to Messrs. The. United Alkali Co. fijp 
the thionyl chloride nnd dieiilorohenzene used. 

Tur: Sir.BH'oiAi) Ki'sa’ATicrt L AUdP.ATOiiiES, 

I IrriniresT [hT,!.. RcrcIvecL A-py;i 2Uf](. \ry 2 y: 


CXXL — The Aldehydosalicyltc Acids and their 
Derivatives, 

By Kdwaiii) Johnson Wayne and Julius Bekend Coften. 

By the ardion uf elilorofonu and sodium hydroxide on salicvlic 
acid two isomeri(' aldehydo-acids are formed which Tieniaiin and 
Reimer (LVr.. 187(5, 9, 1208), yIio first studied this reaction, naimd 
respectively orlho- and paraaildeliydosalicylic acid. These jiuh. 
stances, containinif as they do three different reactive gi'ou])s. me 
specially interesting, l)Ut have so far received little atteiFlioti. 
Wo ha\'e tlierefore muh'rtaken a careful examination of tlicii! 
well a.s of simitar (hudvatives of other hydroxy-acids, wliicli ujii 
form the subject of a future communication. Ror eonvenlciK'r 
of nomenclature, the above two acids will be referred to as ibcM. 
and o-aldehydosalicylic acids. 

Prcparalion of If- and o-.l/f/c/;//Jo.9a/fnyh’c Acids. 

The method used, with slight modilications, is that dcseril^cd 
by Tiemann and Reimer {loc. cit.). After precipitating the mixed 
acids with hydrochloric acid, filtering, and Y'ashing, instead of 
extracting with ether and separating the acids by shaking tlu* 
ethereal solution with sodium, hydrogen sulphite, a simpler and 
more effective method of separation is to crystallise the mixed aei(l.<, 
after precipitation, from alcohol. The d-acid, winch is tlu' eliid 
]}roduct, i.s much less soluble than the 3-eompound or salicyJir 
acid and in this way completi' separation of the acid may be effeeti'd. 
with littii' by not more than two crystallisations. On llir 
average, oFie-third of the weight of the original salicylic acid in 
the form of the jmre d-eouipound was obtained. Tlie mother* 
liquors contain a small quantity of the 3-compound mixed vitii 
salicylic acid and some resinous matter, froju which the tirst can 
be- separated l)y treatment of the ether solution with sodium hydro- 
gen sulphite as described by Tieinann and Reimer. 

The MfihA Esters of 3- and i)-Aldehydosalicijlic Acids. 

The mithijt esters were preqaared by the action of methyl iodide 
on the dry silver salts suspended in ether, separating the etlirr 
solution, and removing the (‘IIhm’. 
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Tlie .l-eoiupound crystallises from alcohol in pale bnff-eoloured 
iiocdles, Di, p. 7^^, bnt may lie obtained q iiitc colnurjoss by crmvorsion 
into the bisulphite compound, rc'precipitation, and rerrystallisation. 
it then melts at 82-83^ (Found : C - 59-7; H 4-d. (.yigO, 
requires 0 — bO'O ; H ^ 4-44 per cent.). 3'he ('thyl ester, vvhieh 
was prepared in a similar way, melts at 75^ 

The S-oompound, prepared as above, crystallises from alcohol in 
iicetlles and melts at 87'" {Found : C - (;0-03 ; H 4-77. 0,,^/-)^ 
requires C ~ 60*0; H — 4-44 per cent.). 

J/f/A/// — Three yq-ams of the ester 

^M>re mived uilh 7 to S grams of methyl sulphate, and 2 yrams of 
sodium livdroxide in 4o c.e. of wafer were gradually added while 
the mixture was gently w'armed and shaken. The solid sodium 
(■•mnjioimd first separated and was subseipumtly replaced by aii 
(lilv liquid. Tfie .solution finally beeanu' acid and the excess id 
metlivl sulpliate was then decomposeti Iw healing fnr a sliort time 
nil the waler-liath. On cooling and stirring, tlie oil .solidilied. 
It was grcuiud up witli a .sohitinn of sofhiini cai’ironati' to nanovo 
the imeliang('d hydroxyasler and iIkmi ei'yslalliseq from boiling 
wafer, from wliieli it separated in eoloiirless, silky needh‘<, ni. ]i. 86 - 
n 7'. It is insoluble in sodium carbonate sohitirin, and is readily 
distinguished from tlie original hydroxy-e.sier hy tla* f-\(‘t that both 
dissolve in a hot solution of sodium carbonate, but the. Jiydroxy-e.ster 
does not sc'parato on cooling, wlu'reas tlic* mer!ioxy-er)mpoi]nd 
crysfallises out (Found : C — 61*74; if - o*22, requires 

r 61-86; H -- 0*16 per cent.). A'arioms comlensation products 
were prepared by metliods similar to those described on p. 1026. 
'I'hv jihouy] hydra zone crystallises from alcohol in ])ale yellow iieeflles, 
in. p. 133 — 137)^; the vihojdicuylhydrfizonr. which was obtained 
liy adding a solution of nitroplumylhydrazine to the inelhoxy-ester, 
both dissolved in ethyl acetate, was crv.strdlised from pyridine and 
alcoliol and formed elu.sters of dark red needles, m. p. 200 k Tlie 
oxime crystallises from dilute alcohol in dusters of colourless needles, 
in. p. 14a— 147", and the so/dvarbazone from pyridine in small 
rectangular plates, m. )>. 100'. ^-Jlfihoxydi-fdd'hjjdobeuzoic arid 
was obtained by liydrolysi.s of the above ester. It crystallises from 
water in long, nearly eoluiirles.s needles, tu. p. 170k 

Aryl Derivaiives of o-AhhhydosalicyJic Ester. 

The benzoyl (.Icrivativo was ])rcj)ared by dissolving 1 gram of tlie 
ester in sodium Imlro.xide solutinn ; on adding the equivalent 
ipuintity of benzoyl chloride and gently warming tlie mixture 
with the occasional addition of .sodium hydroxide solution, the oily 
li(jui(l eveiitnally solidilied. It was separated, wa.shed, and 
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reciystallifscd from a small quantity of alcoliol, in which it is very 
soluble. It crystallises in colourlcs.s prisms with pointed ends anil 
melts at 00 — 101 ° (Fonnd ; C = 07’69 ; H — 4 * 39 . ^., 0 . 

requires C — 07-0 1 ; FI — 4*23 per cent,}. 

The (in'li/I derivative was ()ldaincd by Ideating I gram of thf 
ester with 1 gram of acetyl ehlorido on th.e ^va^er-bath for half 
an hour. The product was then poured into water and a littio 
ammonia added to decompose the exeess of acetyl chloride. '1']^. 
solid product (‘ryslallis('d from alcohol and fornu'd (^(tlonHess 
needles meltiiig al (SI — S2° (Komid : (■ — d0'd5: H - P4s[_ 
C^iHioO^refpiire.s (' ' dtrdb : II --- 4'b ])er cejit,). 

Bromhutilon of o-Ahldiijflo-^alictilic Edcr. 

The ester wa.s di.ssolved in four' times i(s weight of glaeial acetic 
acid, and an equal weight of bromiiu' in Iv. ier its weight of 
acid was add(‘d : the mixtiu’e v a.s ke])t for a short time and tlu-ii 
poniH'd into water, The pi'odnct WU'^ iiltei’ed, washed, and er-'.stal. 
lised twieo fr’om dilute aieohol, from wliieli it sejiarated in cohan-iess 
needles, in. ]>. lld--lin' (Fouiul ; C ■ 41-oii; Fi :^‘S4. (yidqBr 
requires (' r=r 4P7 ; H ~ 2-7 per cent.). Tlii' .substance is tlK'n'inro 
a mniiolrroino-derivntive. The bi'oiuiiu' atom probably rreenpies 
the 3-po.siti()n, which is ortho to the hydroxyl and jneta to the ear- 
Ijoxyl group, d'he plu^^ij/IJii/drazoao of tin* bromine, di-rivative 
was obtained by dis.solviiig the latter in aeetle acid and adding 
half the weight of phcnylliydrazine in th(“ same soh'ent. The 
phenylhvdra/.oiie was tlu'(n\’n do\\ ti a.s a yellow preeijntate, wliidi 
was filtered, wa.shed, and cry.stallisi'd twice from acetic acid, !i 
forni.s grecnisli-yellow needles, ni. p. Ido — 1.77 ([^’oiind : K ■ sd7, 
Cli 5 Hi^() 3 X.,Bi' reijuii’cs 2s S-Oo per cent.). 

yiiratioii of o-AldcJu/flosoJirific E.sh'r. 

Mononitro^derii-atifr- Fi\’c grams of tlu' ester were slowly addc-;] 
to four time.s the weight of a mi.xtnre of equal ])art.s of fuming iiitrie 
acid and concent rail'd siij])}iuric acid and cooled to whilst the 
temperature was maintain(?d ])elo\v 10° during the process. When 
the ester had com])h*tc]y di.ssolved. Die mi.xtiire was kept for half 
an liour, then poured on to ice, and the solid tvas filtered and wadiod. 
It yielded G'3 grams of the crude Jiitro-jiroduct, which may he 
crystalllsi'd from ethyl acetate or lienzene and forms glistening 
pktes, m. p. 1()1' l(io° {I’oimd : X 0'43. CVtl 70 (;X reipiires 
N = 6-24 per cent.). 

On the addition of .sodium hydroxide, the .sodium conqKHiiid 
separates in the form of clusters of orange needles. TJic nitre- 
compound also di.ssoives in pyridine with a deep yellow coloi;r, 
indicating the formation of a p3Tidjnc .salt. 
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Vn attempt was made to prepare the a^nillo-de^i^•ativo of the 
.P)0ve by reduction with tin and hydrocliloric acid, but no pure 
‘ riiduct could be isolated. After removal of the tin with liydrogen 
<ul]>hide and evaporating the filtrate, a sticky residue was oldained, 
front wliich no crystalline product: could lie ju'epared. 

])inifro^d('rivcitive . — Tti one nitration experiment in whieli tlu' 
substance was probably longer in contact with the acid, a second 
nitro-dcri\ ative was isolated similar in appearaiufe. to tlie above. 
iiitrO'Compomid but melting at !2S — lltOk h’lie atialysis indicated 
a clinitro'dei'ivative (Foinid : N — lOdh). reipiires X — 

|(i4l per cent.). 

yilraliou of ii-Ahhhi/do.^^rdirj/Ur. Arifl. 

Pive ‘'Tam.s of the nldehydo-aeid wen' added to d.") e.e. of fuming 

nitric acid, cooled and mainlaiiied a1 about 0 5 in ice, Fite mixlmx' 

was left for a fe\v minutes until all was dissolved and then ])o\ired 
(,n to ice. The yield of the crude nitro-comjiound was 0 grams. 
It was purified by eonvt'i'ting it into the sodium sail l)y adding 
sodiuinearbonate to the eonecutratod solution of t lie iiitroa‘om|)ouml. 
The .sodium salt se])a rates in red neerlles. It was filtered and 
decomposed watli hydroehlorie acid. When ery.slalli.sed from hot 
\vat(T, the nitro-derivative melts at 172 — 175'^, hut at JS2— J8.‘F 
when crystallised from alcohol. Th(‘ differencM^ is diu' to tlie 
jircsenee of water of crystallisation in the former (‘om|>ound. Tlie 
substance })rove(l to be identical ^\■itll dinitro.salicylie acid ])repare(l 
from salicyhc acid by Hiilmcr {Annalni, 1S79, 195. 47), who gives 
die melting point as 173k When dehydrated at 12d , it melts at 
1S2"', a fact not mentioiuai hy Hiibner. The hydrated acid was 
analysed ( bound : X “ Ih.lS; H.T) ■ 7*74. (XH^(lyX.,.rf.^() rcxpiire-s 
X ■- lldfi); H<,0 — 744 per ccnl.). 

The action of nitric acid is pi'ohaldy to oxidise the aldeliyde group 
to carboxyl, then to r(Tfiace the carbox}! by .splitting off carbon 
dioxide, and at the .same time a nitro-grou]) enters the. nucleus 
ill the ortho-position to the hydroxyl group, thus : 

XO. 

kkoil kkoTT ^ 

0H('i^4;'()j[ iio/’l k'OjH oxt^^k'o.H 

Oxidation of ~)-Ald<hydo)‘iaIici/lic AAd. 

The action of permanganate on the acid was examined by Tiemaiin 
and Reinier {Ber., 1S77, 10, 1571), who obtained in this way o- 
hydroxyesophthali e acid . Wc liave repeated the process in a slightly 
modified form as follotvs : 3’4 grams of the acid were dissolved 
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in sodiiirn liydrnxidc solution containing 1 gram of NaOH ii, •„ 
of water. To this solution 1-5 grams of permanganate in :](|(| 
of water were added. The colour of the permanganate rhrui..,.,i 
at once to brown, and on standing the peroxide soparalor], (,j, 
passing in sulphur dioxide, the hydroxyisophthalic acid 
whilst any unchanged acid remained in solution. The preeipii,,^.' 
n'as filtered, w-ashed, and crystallised from dilute alcohol, yp, 
filtrate was concentrated to a small bulk and the uneban-^ed acp 
precipitated witli hydrochloric acid, filtered, and treated with it, 
.«anie quantity of permanganate as before, and if nec(>,->sfirv tj,,, 
]>racess was again repeated. In this way, practically flic Miioi;, 
of the. aldeliydosahoylic acid may be oxidised. On licatinn; jjj , 
eafhllary tubie it l)egau to decompose at dS.T’, turning lirown aiq 
giving of bubbles of gas. Ticniann and Reimer give IKK) as ip. 
melting point, but do not refi'r to any decomposilion. 

('GHd( Pi'Ofhtcis of o-AIdidiiidomliri/lio Es.Ur. 

The onme -was prejiared hy mixing toget lier O’d gram of the cstr- 
di.ssolved in a little alcohol, O-d gram of liydrnxyiaininc iivd!,,. 
chloride in water, and O-lo gram of anliydrou.s sodium cai-hoiiaie 
a].so dtssolvcd in water. On ^ca^millg, a rapid ef‘ervc.sce!ic(‘ oi-oumr 
and a white precipitate ^\aR immediatedy tlirown down. It 
filtered, -wasliod, and crystallised from dilute alcohol and fonuei 
clusters of coloui'le.s.s needles, m. p. 147— 148'^ {Found : X - 
CjjhlyOjX' require, s X ~ 7T8 per cent.). 

The hjfdrazone ^vas obtained by mixing together O-o giam ir 
ester, 043 gram of hydrazine sulphate dissolved in water, and (Kp 
gram of anhydrous sodium carhonat(^ dissolved in water, .h; 
immediate precipitate was formed and was filtm'd, wa.du'd, anJ 
crystallised either frotii gbu'ial acetic acid or nitrobenzene. Frcii!; 
the former it separates in colourlc.s.s lioedlc.s, m. p, PM)- A'y. 
It i.s insolubleinalcoiioi and iKmzenc (Found : X : - TdMi, 
require.s X 7-91 per cent,). 

Tlu^ compound i.s therefore a di-aldehydnsalieylie ester hydoi/nvii', 

Hoh^hciKX.X.-CI!/ ')OH 
Cohle ''“COjre 

. The semicarbazone. wa.s obtained by di.ssolving 1 gram of I lie estu’ 
in 0-22 gram of sodium hydroxide in 20 c.c. of water and then addiiu 
0'8 gram of scniiearbazide hydrochloride. The solution, whuli 
was faintly acid, was heated on the wat(w-batli for half an liniir. 
cooled, and the semicarbazone which separated wa.s filtered and 
washed. It wa:i crystallised from pyridine, from which it separate^ 
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, prisms witli pointed ends, m. p. 21 ;“)— 2 l()^ (TMumd : 

-- 17-70, 17-68. CioHijCljX^ rcquirc.s N 17-72 per cent.). 

Tn the first experiment, the product, was ci-ystalli.sed from ghicial 
3 (-.e 0 c acid. It was then found that, on heatins, acetic acid was 

Ivod and analysis showed that the semicarbazone ac-etate was 
present (Found : N = ]4-32, 1-1 07, U-IG. requires 

X -= 14-14 per cent.). 

' qdie 'pheirijlhydrazone was prepared l»y mixing togctlier concen- 
trated alcoholic solutions containing O-G gram of (ster and ()-4 
rq-ain of phciiylhydrazirie and heating on the water-bath fir.^t witli 
ivtiiix and tlien in an open vessel until the alcohol wa.s driven olT. 
On cooling and adding a crystal of the plienylliydrazoiu-, the ma^■; 
.(jliditied and was washed free from phenyllmlrazine with light- 
tK'trolciiin. It crystallised from alcohol in pale yellow aggregates 
of blunt prisms, m. P- 120—121" {Found : X - lo'-2!i. (’,-H,,(bX.r 

rniiiires N - lO-llO per cent,). 

The nibvphenylhj/dnizouf was obtaincal by mixing eqiiai weiidds 
of nilrophenvihydrazine and the ('ster in alcoholic soluiitm. In 
H sliort time dark red crystals of iho^ hydrazone si-piirated and were 
jiltcD'd and washed. The substance is sligditly soliibli- in glacial 
acetic acid or alcohol and insoluble in lienzene. It crystailises 
most readily from nitrobenzene or pyridine (in Imth of which it is 
fairlv soluble), forming flat prisms with pointed ends. Tt melts at 
o(j5l.2G7" (Found; N -- FF3G. CisHiaOsX^ requires X -- i:bM2 
])er cent.). 

Condenmtion of o-AldfdiydosalkijUc Edcr v.'illi 1 : :]J)i!:flcyii(-s. 

An attempt v as made to condense (ho aldehvdo-ester witli alde- 
hydes and ketones and also to apply Knoevenag(d's reaction by 
mixing it vlth acctoacetic ester, malonic i-ster, acelylacdone, 
etc., in presence of alkali or piperidine; but althoiigdi it was clear 
that ill most cases some coiideii.satioii bad rx-curred, it was only 
in the case of acetyl acetone that a definite ]>n)(luct was isolated. 
One gram of the ester was dissolved in ac('t} lacelnm* and a drop 
of piperidine added. On standing, the mixture solidified, forming 
brown crvstals, m. p. 93 — 94". On crystallisation from alcohol, 
colourless needles were, obtained, m. p. 94 — 9;.)" (lound : C = G4'nS ; 
H — ;j-41. C 14 HJ 4 O 5 requires 0 01-14; 11 =" d-34 per cent.). 

5 - A Idch ydosalicifl ic E^ter ( '//u nohyd n /? . 

On adding 10 c.c. of stroni': sodium hydrogen .sulphite solution 
to 2-0 grams of the ester, in a few minutes the mixture became seim- 
solid from the formation of the crystalline aldeliydo-hi.''Ul])hite 
com|joiind. It was separated by filtration and pres.-i'd down.. 



102S Tiri^ ALDEHYnOSALTCYLTO ACIDS A?^D THEIR DERIVATIvf;?! 

To t]ie tDoist. bisnlpliito compound 2 grams of potassiuru 
in 0 c.c. of water were added and the mixture was ^vanned 
water-bath, Y'ben a b^o^^ n oil of the cyanoliydrin separated, pjjj. 
was extracted with other, tlio etlier remcsved, and the residue 
with concentrated hydroebloric acid to convert the eyaiiohydj'^, 
into the corresponding li)’dro\y-acid : hnt althongh tin* reiupr;!. 
was repeated with nic.difiealions, tln^ original aldehydo-estcr n-i, 
eaeh time regenei’ated, 

'2-nij<Jroxi{-'^-c(iyhoxif- uud A-ii}j(Jrc>xjj-'>‘Carhoxij-cinmn}\c d^Vh, 

By the caction of acidic anhydride and fused sodium acidatcnr; 
the b-aldehydo-aeid at (he boiling ])nint of the anhydride, slh-j-jt 
elfervescenee neenrred, due probably to the sjditting off of oarL,,. 
dioxidi'. On boiling the I'esultiiig mass with potassinin hydioxjfi,, 
and acidifying, a viscous, yellow oil was oijtaiiied, wliitdi Couid tu- 
be crystallised or oilierwise ]nirified. Recourse was then had 
the nudliod nserl by Hir "W. IT. J\'rkin for tlu' preparation of ooumaiir; 
{Aunakn, 18b8, 147, 230), wbieh consists in acting on the sudiiin. 
salt of the ])h(‘n(d-ald(diyde with acidic anhydridi* and sudiiir.i 
acetate. The sodium salts of the esters vere therefore, ilrsf jnv, 
pared by dissolving lli(‘ esters in nudhyl alcohol and adding tb 
calculated quantity of sodium as sod linn midhoxide, also in nictlivi 
aieohol. A erystalline juveipitate vas immediately tlirown di)V:!i. 
which was iiltered. uaslu-d with alcohol and etlier, and drh'd in - 
\ aeuiim. 

Sod'iuui ^HtJtklnjnosalh'filu' r.s'/ir has a sti'Aw colour, is sliL'litly 
soluble in aicobnl and insoluble in ether (l-iunid : \a " Jl lh 
CylTyOjXa re(|uii’e.s A’a 11 -38 jU'r cent.). 

Sodium \lald(hi/dosaJi(‘t/Uc oAf r has an orange eolour, lint ii; 
other re.speets is similar to llie o-aldi hydo-ester compound (Botiiid: 
Na II-S. (',^H-0,Xa requires Aa 11'38 })er cent.). 

Kaeh of the above compounds was b(‘ated with an equal wcigii: 
of fu.sed sodiutii acetate and 2-0 parts of acetic anhydride at liit' 
for four to ti^'C hours . ddie ri'.'iiititig liark-colonrial mass was buik'd 
witli pota.ssium hydoi.xide solntitui, Iiltered from a small ipiantity 
of resinous matter, and the einitamic acid precipitated by lb' 
addition i/f liyiirofTilorie afiil. AJti'r reerystallisation from watu' 
or dilute alcohol, the two acids were obtained as straw-coloimd, 
crystalline, powders \C‘ry similar in appearance. A-l!iidivx)j-x 
airbox/fciuuamic acid was analysed (hound t C — 5741 ; H ■ - T’lh. 
CioH^Oj requires C 57d)9; -H - 3*84 per cent.). 

On heating, •lAifidroxijdl.carboxj/cinuamic acid miTts, darkens 
and evolves water and carbon dioxitlc, and at the s<anic time a 
crystalline subsrance sublinK's in colonrhss needles, which can be 
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It possesses the m. p. and the cliar- 


ervstallised from hot water, 
aetcristic smell of coumarin. 

u /Ch:cH'CO,h .. .^ch:ch 
rO,H'CoH3<OH ^ ■ 


H.O -L CO,. 


This experiment therefore determines the position of the aldeliydc 
(froiip in the S-aldchydo-aeid. 

Owing to the difficulty of obtairiing the 3-ald(;hy do-acid in sufli- 
fient quantity, we have hcuai imaide to pr(“i>ar(‘ a eonqiicTo set of 
dt'j'ivalives of this substance; hut we liope to improve tlic yield 
and to publish further results in a subsequent paper, 


We desire to acknowledge our indebtedness to the lb‘s(‘areh Fund 
('oiuiuittee of the Chemical 8ociet\^ for a grani towards tlie co.st 
of materials for this rcsearelu 

Tin: Orgaxtc Cuu-Mioai:. LAijiifiA’j’Diiii:,-’, 

Tin: UxivKiisn’v, Lkko.s. [I.i <y.!r' ,J, uh, 


C}i\\L-- ii^oQuin'jltnr awl ll/a wo^UihaiUnr-Ixi fls, 

by John Eiumt'M) Cl'V HAUins and WTlliau .Iaokson Tori:. 

AlTIIOI’cil largo quantities of /soipiinoline are rojircsented hy tlic 
small percentage of this imjiortant Im.w pn'sent in eoabtar, no 
ready method for its extract ion in a slate of jiurity has been pr(‘- 
\iously deseriiied. Hoogewerf and \an Cor|) (/b:r. irar. vfihit.. !8S,"). 
4. l^o; lSf>t), 5, JOO) hist separai'cd ew/quinoline by fractional 
erystallisatioii of the acid sulphaU' foi'uu-vl from eoal-ta*’ quinoline; 
according to Weger (Z, ntKjnv. ('hart., lOUb. 22, JfU), coal-tar 
qihiKtline is accompanied by only about I per cent. (>f esoquinoiine, 
so that its separation by the Dutch vwu’kcj's involcx'd viry skillui 
and tedious operations. Weissgerber [Bcr.. 1014. 47. oiTJ ; D.Pt.-P, 
28aC(i(i) sliowed the Avay to a more j'apid method of sep.iraUoJi l.iy 
lioiiiting out that esoquiiioline is a mucii more jxiwerful Imse than 
guinoliiie lie treats coal-tar quinoline in lien/, cue solution with 
sulficient sulphuric acid to eombiiu' with about one-sixtli of tlie 
base and obtains in this uay an exli'ael which is ju'OjmiTionati !y 
richer in Doquinoliue than is the iiriginal inixtun' of the ba>es'; 
esw|iiinoliiic is then separated from, the mixtm'e I'f bases wliicli 
passes into the sulphuric acid by fractional crystallisation of the 
acid sulpliate from alcohol, On j'cpcating Weissgcrbi'r's nudluKh 
as he describes it, wo were' alik' to si'paratr only about J grams of 
iiupiirc esoquiniJine hydrogen sul[)hate from l.Jbb grams of coal- 
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tar quiuolinc. By utilising the principle suggested by 
and multiplying its application a number of times in n 
iua)iuc‘r, we have bccji able to devise an easy means for 
pure M' 0 (}uinolinc in (puinlity from coal-tar quinoline. ' 

Considerable intcresi attaches to the dyestuff woquinoliuo.iv,: 
which was Hrst obtained by Jacobsen (1).R..'P. 19306 and 4(l4:l(j)i,J 
luxating coal-tar quinoline with benzotrichloride ; Vogel shower] jj 
to be a powerful photographic sensitiser (B.R.-P. 39770) aiirl > 
is stili largely used as such. Hofmann found that the dyestuflji 
produced by the iiiteractio]] of '/. 9 oqiiinoline, quinaldinc, anrl Ijen^,,. 
trichloride and that the condensation is promoted by the presr-ur^ 
of zinc chloride {Bcr., 18S7, 20 , 9) ; the constitution of /.5oquinoliv;,-, 
nwl lias been determined by \'ongcrichten and his co-workers f^r.; 
1910, 43 , IdS ; 1912, 45 , 3446) to be represented by the formula 




Using zinc chloride as the condensing agent, we found, a.- Ihamau 
did, that tlu? esoqu incline -red is only freed from inorganic mam:[ 
with difticulty: each 100 parts of fwquinolinc yielded hs.s tlif:!: 
50 parts of liu' dyestuff. By u.sing aluminium chloride as (he ani- 
(hmsing ag('Ut, we have obtained a yield of about 70 parts ol jimv 
dycstiilf from each KHJ parts of emqiiinoline and are able to im; 
the latter niucii more easily from inorganic impurities. Jii tie 
present papir we describe the preparation of several colouriiii' 
matters of the i-.'oquinoliue-red class, 


B/'f-pai'dlion of iso(bt/aof?//c, 

I'lie cfaurnercial conl-tar quinoline fraelinti was distilicfl lliiriid 
a good d'pihlegmating column and separated into portiojis builiiiL' 
at 220 -230'. 230--235 ', 235 — 245', and 245 --255) '; the fraction 
boiling at 220—230' did not give a satisfactory yield of isotjuinolinn 
and the higher fractions boiling at 230 — 255’' are best used forinf 
separation by the method now described. 

Tlic rectitied base (387 grams) is shaken vigorously with 4V 
siilphiinc acid (COO o,e.) in a separating funnel for half a iniinur: 
the undissoived ba.so (about 20 per cent, of the whole) is m 
moved v\ith the aid of a little benzene. The sulphuric ard 
solution is them .similarly extracted with a 4V-ammoiiia soliitiofi 
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^j.s,, ill sufficient quantity to remove 20 per cent, of its con- 
in liasc ; the liberated bases are removed by extraction with 

litlie licnzene as before. The treatment with ammonia and 
the extraction with benzene are repeated, sufficient ammonia 
bein*^ added on each occasion to liberate 20 per cent, of the basic 
eonsiitueiit.s from the sulpliuric acid solution, After eleven repeti- 
tions of the ammonia treatment, only 6'0 per cent. {2(i-7 grains) of 
the (u'i<jinal base remains in the sulpliuric acid solution; the whole 
of the base is then liberated by addition of ammonia and extracted 
with a little benzene. Successive quantities of the original quinol- 
ine fraction arc treated in the manner de.scribed until a sufficient 
a'jiount for further purification is obtained; by the treatment of 
1 700 grams of the original fraction and distillation of the linal 
benzene extract, 100 to 110 grams of base containing 20 to 30 per 
cent, of ?sw[uinoline can be obtained. 

The distillcci base is now dissolved in twice its volume of recti lied 
f.pirJi. and the calculated amount of concentrated sulphuric acid 
rerpiired to form the acid sulplmte slowly added from a dropping 
fiuiiiel, the solution being mechanically stirred and tlie temperature 
h-his kejjf below 30°. Crystallisation set.s in immediately and the 
arid .sulphate i.s filtered off and crystalliscal two or three times from 
ciedd to nine parts of boiling alcohol uilIjI ifs melting point risc.s 
to 20(>o°. This product is pure fsoquinoline hydrogen su]})hat(^ and 
oil treating it with ammonia, extracting with benzene, and distilling 
the benzene extract, the lioiliiig point rises sharply to 242‘5' and 
pure /soquinolinc passes over. 

}>_v I ids method of preparation, whioli is very rapidly carried out, 
the coal-tar quinoline fraction yields To per cent, of its weight of 
pure d’oqiduoiine, 

hrd^ninoline is a colourless oil witli an odour recalling Ihose of 
beiizuldehyde and of aniseed and quite dissimilar to the odour of 
tpaiiioline ; tlie dilferenee in odour between quinoline and fsoquinol- 
ine is eoiujsai'uble witli that between ‘i- am.! ffinaplitlivlamines. On 
( ::nlis!g Under tap-water it .^oiidiiies to a white crystalline mass Avhieh 
melts at 24-2r)' ; it boils at 2-12-5° {thread in vapour) under ThO mm. 
])i'e,ssure, This hoiling point is higher than those previourdy 
recorded; Hoogewerf and van Dor]) (/or. cli) give 24U‘d', 703 mm. 
umi Pieiet and Tams (ilcr,, 1910, 43, 2391) give 240' ,730 mm. It 
seemed tliercfore of interest to determine the boiling points ol jiuix; 
quiiirilinc and (|uinaldine, and several samples were examijied; 
vn- Imd that quinoline boils at 230-0 ;70O mm. and (piinaldine at 
,'700 mm. The difEerence of six degrees between the boiling 
: poults of quinoline and esoquiiioline is greater than has been iiitherto 
: stated. 
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koQuinoline-Red, 

woQiiino]inc (5 grams), qninaldino (5 -2 grams), and anhydrous 
aluminium chloride (2*5 grams) arc mixed in a boiling-tube, 
heat is evolved ; the mixture is maintained at 90® in an oil-hatli 
beuzotriohlorido (Tdi grams) added. The temperature is then raised 
to IdO- Idd® for an hour, after nliicli tlie solid melt is taken up 
in a little dilute alcoliol and the product mixed with milk of linj,. 
[1 litre of 10 per cent. Ca(n()) 2 ]. The solution i,s now distilled 
a ciiiTcnt of steam for tliree hours, the unchanged bases ludiifr 
recovered, and the boiling solution (1-5 litres) filtered, the filtrate 
being treated with hydrochloric acid (15 c.e.), On cooling, tlic 
dyestuff (4-2 grams) crystallises and is found to be free from, inorgaiiio 
matter; it is conveniently recrystallised from boiling water (38(u-.c-. 
for eaeli gram of crystals), hydrochloric acid {1 c.c. to eaeii 1(10 r,{-. 
of solution) being added before crystallisation occurs (bomid; 
C = 79' 1 ; 11 d'l ; X ^ 7 '29. requires C TlMi; 

If 4‘S ; X 7’ 10 ])(T cent.). 

The initial yield of dye.stulf obtained by the Tuetliod just descrilio! 
is about oO per cent. great('r tlian that given by tlic method (jf 
\'ongeriehton and Hoinann and the linal yield is much larger (uving 
to the aUsence of itiorganic impurities in our ])roduct. 

0 ' - J / r f // //b S oq ui noli HC-H V(l . 

A mixture of ewquinoline {d grams), ^^-toliiquiiialdine (5-7 grams), 
aluminium cbloride (2'5 grams), and bcnzotriehloride (7-0 grams) i> 
treated in th(' manner descrilaal above; the dej)osit(al dycsliill 
(2-3 grams) is free fi'om inorganic matter and is furtlier purilicd liy 
reerystallisatiou from boiling dilids' hydrochlorie acid. 3 he sub- 
stance crystallises in minute, red needles and is dried in a vacuiut) 
at 15(h previous to analysis {Found : C — 79-3; H ^0-3; X — G'S3. 
C.i-H.ijXX'l requires (J 79‘3; H 5-2 : X - - 0-8.7 per cent.). 
\ ery much smaller yiedds tlian that stated are obtained when xini' 
chloride is used a.s the condensing agent. 

O'- Rlh iilki )qu iiioUn('-R(tl. 

This substance is prejjared by the Jiietliod d('.scribed above, 
(J-ethyJquinaldine (0-03 grams) being substituted for th(“,p-tolu(|iiiii- 
aldine; the crude dye.stulf is purilicd with greater difficulty than in 
the previous instances and four extract ions, each with I litre oi 
boiling milk of lime, are de.drable. The product (2-3 grams) i-" 
recrystailised from boiling dilute hydrocliloric aciil, but retains a 
small proportion of inorganic niatter with great tenacity ; this )alt(‘t 
is removed by boiling with xV/IO -sodium carbonate for live miimtcs, 
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acidifying tlio solution, and allowing it to crystallise. The subslanoe 
deposited in minute, crimson crystals and is dried fii’.st at 100 '" 
wd tiien at 150° in a vacuum (Found: C = 79-0; H 
F. H. 13 N 2 CI requires = 79-5 ; Hr- o4 per cent.). 

"'Hie methyl and etliyl derivatives now described behave as 
photographic sensitisers in a manner almost identical with the ])arent 
fwpmioline-red ; they are, however, much less solulile m water 
than the latter. 

Tiie Cjienrc.iL Labot^atouv, 

Univrusity ok Cambkiugi:, [Ra'^ln’il, Mai/ UmA, 1 


eXXin . — A Sipilhesis of hoBrazilein and certain 
Related Anhydropyranol Salts. Part Synthesis 
of li^oHcBmatein. 

By Herbert Craoe Crabtree and Hobert Hobinson. 

]s Part I of this investigation (T., 1918, 113, S59), a method of 
synthesis of hsobrazilein salts was described, and the juesent com- 
iiiunioation is partly of a su})[jlementary character and partly a 
record of tlu^ extension to the synthesis of /sohaunatein. Keference 
iiiav be made to the introductory remarks in the earlier publication 
for a more detailed exjdanalio?! of the processes emplo\Td and ot 
the relation of the results to the elucidation of the constitutional 
])roblems presented by brazilin and ha'inatoxylirn The synthesis, 
of Isolucmateia ha.s beeii effected in the following manner. \>r- 
atrylidcncgallacetoplienone dimethyl ether (I) Avas found to be 
readily reduced to its dih\-dro-derivative ( 11 ) by means of hydrogen 
in alcoholic solution at 5(l~-()0'' arid in presence of palladium. 

* Tlie Jiomenc'liXlurc used In this I'OMnniiniciif ion is based on the scbcinc’ 
sliuwii totmv and leaves no ai'nliiguity in regard to tlie ])osifiou of tasion 
of the benzopyryli'.iin and iudenc nuclei, 


1 

0 



ft is not porinissibU' to transpose (ts'oliieinateiu fcrrichlorktc teirainethyl 
t-’llier to owh.emateiu totrain(?tlivt other fcrriehloridc. 'Hie reason is gben 
itr T., 1918, 113, SdO (footnote). 
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OMe MeO 

MeO/NoH /\0Mc MeOf^^OH /’"• (m 
i JCO‘CH:CHi jOMe (, JC0CH,/CHj 

(T-) (H.) 

On boiling with absolute formic acid and anhydrous zinc cliloiif],. 
this ketone is changed into an fsohrematein tetramctliyl ether , 
\vhidi was isolated as the feri’icldorido (III). Tlie reaction ni ei]./ 


in all probability, in accordance with tlu' scheme : 

O.Me 

!, 1. x'fhv “ 

CO 

OMc Q 

- \/\ 

0 (TL 

/““\ 

1 1 ^ 

\ / 

/ 

:\ieo o:^io 

/' \ 


Mcb Ode 

McOf ^CH-OH 

1 ' ^ 

OMe [ 

‘ i II 

\/\ 


C CH, i f 



\ 

\, / 

McO OMe 

Me'O (hie 

Oil.) 



The oxoniuin salt (IIT) was found to b(‘ identical in all rc'iu 

witli the fcrrichloi'ide obtained by 

Kngels, Perkin, and Tvohiii- 

('r,. 190S, 93, 1152) from hamiatcin (I\') throiiuh i)entai)K'li) 
dilpvdrolncniatciuol (V), which is cm' of tlie diief ])rf>diicis nf i 

action of metlivl sulphate and p(da.> 

silUll I'Vdrn'dde dll till' Cil -! i 

inattei'. 


,0^ 

‘'■''CfX 


MeO: . 'CIL 

X/\ 

\ /' ^{bble) 

(lA'.] ' C^ ('H. 

i ] 

C(OH)OH., 



lio 

.Me(t Oa’e 


loses methyl aleoliol and water under the inliiienee of sidi'iira* 
acid and is converted to an oxoniuiu sulphate, from wliich uh' 
ferrichioride (HI) is oldained by the action (tf hydroelilm'ic isciti 
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'■''fllvpnifitoin, the preparation of which from flu* fcriichloride is 
P'crihecl on p. 1041. Nevertheless, the ?V,»]ia?niatein ohtainc'fl 
'■"ntheticully in this way had all the ])rop('rtie.s of the suhstance* 
'‘-nared from Inematoxylin by Hnmine] and A. (h Perkin (T., 
Iskh 41, 373). 

E X r E R T A1 E N T A T,. 

Sji iUh os is of \ ^ 0 />’ ra rile in. 

Tlic svnthosis of hs-obrazilein feiTichlorid(“ trimetliyl eilier (Prahtn'c 
mtl llobiiison, he. df.) has Ixaei rej)cated on a larger scale, and 
lino farther details of the ])roeediire adopted in deinctliylating the 
mib-stance can now be recorded. The fei'rieliloride trimelliyl ether 
(•>.Ci (Trams) was very y^eiitlv wanned with a litth' eoncarntratt'd 
mifhurie acid in a vacuum and lli(' oranyc. spaiinyly soluble 
oilphale jirecipitated by llie addition of water. After a second 
.iiliition and precipitation, tlie salt ^^as collected, wadied with 
dilute sid])iiiiric acid, and heated with concentrated liydrochlorie 
acid {do c.e.) during four hours at loO Kit)'. Tiie contents of tiie 
Itihe were wa.-hed out with water, tlu' mixture Ixdled with a little 
animal charcoal and liltcrecb the tilter heiny voisIhcI wiili hoi dilute 
livdrechhu-ie acid. The orange solution we.:, ('va|)r>i-ated in a vacunin 
to veru snudi hnlk and the pasty residue dissolved in the minimum 
aiiioiint of liot (lilut:r liydrohromic acid. On cooling, tlu^ Aohrazilein 
hydi'ohromide seiiarated in dark reddisli-orangi' ju'ism^. and afu r 
rcci vstallisation the eliaraeterlsl ie ajijii'araiiee nnder tiie iidcrosm.tjii* 
was identical with that of a sjK'Otnen <if the snlolance. iirepaied 
hv the action of sidpliuric acid follovo'd by h wlrtdsnrrmc acid on 
hrazik'in. A careful (amiiuirison di^clos('d no ditlcivin'cs (exist ing 
hetween the two suhstanc(‘s, in siil])hnrie acid they heth gswe a 
yellow solution with Imiglit green llnoi'esciuiec. wliilsl in dilute 
aqueous sodium Iivdroxdde th(‘V dissobu'd to rich Idnislnred 
(damsctii) solutions wliieh behaved similaiiy on dilution witii water. 
The addition of .sodium acetate to the suspei>iun and solution of 
the salt in water gave in eaclt case a dark mauve jir('ci])itat<' (.4’ 
bobrazilein (anhydrohrazilein), A portion ot tb(' syntha-ticdl 
s|)(‘ci!nen was eolleeted, washed, and dimal. and gav(‘ a lu'gative 
result in a Zeisel doterminati(.ni. Finally, dvi'drials mi cloth 
mordanted with aluminium gave identical hriihanl alizariiie-red 
shades with the synthetical /sobrazilein and that (drained itotn 
brazilin {cninpare Hummel and IVrkin. lor. cif.]. 


1 t..rric chloride. This compound is characterised by a dehtiitc 


mcltin- " 

f the synthetical product with that obtained from hfcmatoxylin to 
^ jp ^^ith certainty. Tt is otherwise with the amoi'iilious 
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7 : r/ : ; 44'f}de)}0{2' : lO-feew-op?//, 

Fi'rmhhride {Mefhylkohmzikm F(mcMoridc Tnmefhji hk.ry 

MrO/\ 


MeO ' OMe 


A mixtiii'o of diliydrubiitoiii IrinK'thyl etlior (2 ^mmhik). zine 
cliloride (2 grams), and acetic anliydritlc (15 e.o.) was hoiliHl diu-ij-,;, 
ten minutes. The soUitiou Ijecamc carmine and then orangc-reti 
and a briglit green fiiiorescence developed, finally, the Ikjuiri 
(lecanie brown and, at tlie end of the reaction, the addition d 
acetic acid (10 c.c.) and of a saturated solution (15 c.e.) of fiaTit 
cldoride in concentrated liydrocldoric acid pn'cipitated the oxoniiim 
ferriehlorido as a brown poualer. This uas collected, washed witli 
hot acetic aeid, dis.s()lvcd in Avater containing tliree drops of m, 
centrated hvdrncliloric acid, and tiie ferri chloride again precipitatefl 
from tlie filtered solution by tlie addition of aji excess of ferric 
chloride dissolved in hydrochloric acid. Tlie liglit brown [uecipiTaiH 
was filtered olT, wasiicd uitli dilute hydroeliloric acid containing; 
ferric chloride, well draiju’d, and added to hailing acetic awi. 
Altboutrh the ferrichloiide is v(U'y sparingly soluble in (his sulvcnl. 
it will dissolve wl)en obtained i?i the abme manner from aqacfnK 
solution, but the liquid liiu.t be filtered at once and, however 
ex})editlous!v the operation is cara’icd tiiT'ougli, there will always ni:- 
a certain amount of yellouq crystaliiiu^ residue {A), IHm lihratt' 
deposited intensoly l^vown, slnniTig, micro, <eopic pii.nus {B). ^ Tla-t 
are of rhoml)ic bal)it and show a strong tendency to twin with 
formation of paddle-sliaped aggregates. The substance also crystiil- 
lises from hot dii\it(‘ hvdroeiilnvic- acid containing ferric chlonclc us 
orange iiecdle.s (C) tvith green, metallic reflex, and, most convenicn! 
of all, in brown, microscopic prisms liy adding ethyl alcohol to a 


* The authors -rcatlv regret tl.at at time of their prerious omi- 
munioatiun they fmd overlooked the fael tliat Bargclhm and Fmkelsron 
(Gazzetta, 42, 10) omaitud tliis subdimcc by Die caUalyta- 

of the coiTfspondiiig iin.^aturafed kTlone. ihirgi'llini and Luha (do- • 
44, 27) abo oblaincd (he inoiiometiiyl f'tlicr of 2 : t-diliydroxvpht'U^ 0-poo . ^ 
criiyl ketone })y tiie n'duction of bcn/ylidcnepa-anol and found 
to melt at th;h— lU-b (I'rabiree and Plolhn.son. lor. at., give it..i ), tn | 
statiiu: tiuu tlu- melting points giv(>n In' liargeflini and Marantomo p!-'- 
ItKJS, 38, 714) for tl.e nmno- and di-inethyl eUiers of the phrtiylia-oia*'^ ' 
rcsorcitiol should he iran.spo.sad, Tfie pnscait authors, 'live 

the conditions ivcoinmeaded for flic produflioii of the dnnefhyl e ' > 
only succeeded in obtaining tlic mononietliyl ether melting at lOa • 
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coiicentratccl solution in auotone (/>). The four specimens gave 
>olntion’^ which had identical properties and analysed after 
M-ashing with acetic acid and drying at 120" after jjreliitiinary 
Jrvinirin a vacuum [Found ; (.1 ) t; - 4.'eS ; H _ 3-;g {/;) C 

Fe --=10-(); Cl - 20-8, (t ') Cl -- 2(H), (C<) ( V 40-3 ; 

P , 3 . 8 .’ CooKiyO^FeClv requires C - 4()-l ; 11-3*0; Fe -lO-T; 
(’i - 27 '2 per cent,]. 

’['he subslance darkcjied from al)oul 2 [O’ and melti'd with 
leeoiiiposition at 220 227". As indie.ited ahuve, this salt has a 
toadeucy to crystallise in variously eoloui'crl jnodi heat ions, greenish- 
vellow, orange, coITee-broAvn, and eiioeolate-!)ro\\ n luive i)e('n 
(ihservcd, but those are [wobably not elironioisomcride.s and llie 
vtaoars on paper are in most cases indistingiiislmble. The differing 
sizes of the cry.stals and minut(“ anioimts of eoloun d impurilif's 
a[>pear to l)C the factors nJiicli determine tb(‘ ])r{)j)(‘riy of colour. 
The substance dissolves in water to a yellow .sdution vitli vivid 
uranium-green lliioreseence, and, altliough ('\lnmielv sparingly 
soluble in cold acetic acid and alcoliot, it is siiflicieidly so to im})ai't 
this iluorescenee to tlie solution. On Ixiiliiig witli aleoUoh a 
vellouisli- brown solution with a most int(Mise ivy-grcim lluoreseenee 
i.s obtained. The salt is s[)ai‘ingly soluble in chlot'oFurm, and this 
suliitioa exhibits only A\('ak Jluorescumee. It is insoluble in cold 
heuzeuc and sparingl}^ soluble in iIk' hot solvent to a yellow, non- 
iluore.sernt solution, TJio ferriehloride dissolves readily even in 
cold acetone to a strongly liuorescent solution, A\ide]i remains clear 
but loses its duorescence on tbe addilioii of l)enzeue. A suspension 
in acetic acid was treated witli concentrated nitric acid. The first 
few drops intensified the iluorescenee, but this soon diminished 
again and finally disappeared. 0]i the addition of Avatcr, a yellow 
precipitate was tlirown down and this dissolved in benzene to a 
diehroic red and green solution from which light petroleum pre- 
cipitated broAA'iiish-red flocks, leaving a green solution. 

7 : o' : ()'-7 rr/nelhoxif-'l-iOnjJ 

F< rrichioridf. 

This .substance was obtained by substituting j'i'oj)ioiiie aiilivfhide 
for acetic anhydride in the process descriiaed in th(‘ preceding 
section, but, as the reaction j)r(KaH'(led mori^ slowly, the time of 
heating was extended to twenty niinutes. The ferrieldoride pre- * 
eii)itated from the reaction mixture was eolleeted and crystallised 
from acetic acid, being obtained in gli.stening, orange-yellow clusters 
<'f needles, whicli appear to eontain soh'eiit of erystallisatioji. The 
melting points ob.'^^erved were variable and dcqiourled on the rate of 
heating. The substance was dried in a vacuum at 1 iD until 
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(■•rmstani ui Avoigiil, but the loss did not cotTospond witJi any 
inolocnlar jii’oportion of water or acetic acid. This is probably (Pj! 
to loss in tlio process of air-drying at the ordinary tcinponu 
{Found: C - 47-3; jl 4-0. Cill^^ 04 FcC ]4 re((uircs C 4 p[’ 
H — 3-9 per cent.). 

Tliis substance differs from its lower homologue just described’ 
being iiiiicli inoi’c soluble in solvents, but it clostdy resembles it j,j 
all other respects. It is readily soluble in ehloroforin, and all it. 
solutions, except that produced by the addition of benzene to iije 
sub.stancc dissolved in acetone, exhibit brilliant yellowish-'Tct'n 
iliioreseence. The behaviour with acetic and nitric acids is tb. 
same as lliat of tlie analogous methyl derivative, 

'l-ihjilro.rif-o : ^-iluHiihoxijphcuijl Ketone (11), 

This sub.stane(' was obtaijual in almost tlu'orelical yield by rnivin. 
of the following process. AbTalrylidonegallacc^tophenone diaicilivl 
ether (Ivostanecki and lUidse, Her., IDOb, 38, !)3(.)) (4 grains) wa- 

* iSuiiie iiiiprox omenU in tlic prcjKiialioji of this su'osttiiiL'C jiuiv he iidi. - 
laillar-ctopht'iioiit' t^>^'"<'ki aoil yi('bei‘, J . py. Chcui.. LSSl, tiij, 23, v.;-- 

ohtaiiiod by heating inider reflux a mixlui'e of pyiogallol (.jU graiiw), slaiisi 
jicetio acid (7d grams), and fused zinc- chloride (7.') grants) duriiig hous 
at 150^ {therinoineler in the mixture). Kther tvas added to the cooled pr,. 
duct so as to dissolve ail but a little of the zinc ehloride, and ibis sc-lutico! 
vas successively -washed witli a little concentrated bydroeliloric acid, hi iv- 
cent. aqueous hydrochloric acid, and twice with a little water. The exirari 
was then dried o\'er calcium chloride, Altered and eva{)orated, and the nsi-iiiv 
taken up -witli alcotiol. Hot -water was then added until ineipienr (nci -!;. 
taiioii and, on cooling, long, colourless needles of gallacctophenoiio sep‘iir<it'/ii. 
the yi('ld of pure .suhst.inco amounting to 3t) grams. The raothylatiuii d 
gullaectoplK'uone under \<u'ious conditions was investigated and the t-v: 
results obtained by tlio following method (compare A. H, Perkin, T., Ijtu, 
67; hh'). A mixture of g<tllacetophenone (10 grams), methyl sulphate liiV, 
grams), anhydrous potassium carbonate (i4-7 gram.s). and fre-dtly drujll il 
nilrobeuzeiio (200 c.c.) was nuiintaiiuxl at th<' point of gentle cbullitit'ii !■;; 
healing in an oil-bath during six liours. d’he nilrolK'iizene was then removid 
in a cUiTcnt of steam and rlie residue acidified witli liydrochloric acid iud 
extracted with ether. Unchanged and moiioniethylutcd materials vaiv 
reiaow'd by washing tlic ethereal solution with dilute aqueous sodium CMvlK'ii- 
ate, after wJiieli the dimcthyi ctiier was extracted by washing witii siucesav'' 
small voiuine.s of diliiro arpreous sodium Jiytlro-xide. On acidifk'atieii of ti.e 
separated and cornlrined extracts, the gHllacetoplieiiune climetliyi ciliu' 
separated in a orystalllnc. form and was collecdcd and recrystallisctl ircin 
'alcohol, 'j'lic yield was j grams and could Im increa.scd by working up tlx 
unchanged and inonomeiiiylatcd products. Tlie condensation of gtiliacii"- 
filicnune dimetii;el ether and vt'ratraldeliydc gave almost theoretical yid'k 
under the fi.jlluuii'g conditions. Fifty per cent, aqueous polassituii hydroMac 
(2d grams) wa.= .addt'd to a hot solutioii of gallacetnphenone dimethyl ctln'i’ 
(13 grain.s) and veratraldehydo (11 grams) in etliyl alcohol (130 c.c.). 
shaking, the mixture was inainiaiiied at 60 — 70’'' during four hours and thuU 
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ill alcohol (200 c.c.) at 60—05" contained in a ilask wliieh 
a)uid be vigorously agitated and filled with hydrogen, 

After dispiacing tlio air in llie apparatu,s, palladious chloj-irf' 
I pi c.c. of 1 per cent, aqueoies solution) iva.s added and the flask, 
,.oniicctod with the hydrogen supply, shaken during half an home 
'i'iic gas was rapidly ab.sorbed and the solution lieeainc nearly 
colourless, in order to complete the reduction the temperafurc of 
the Ikpiid was again rai.sed to 60 and the shaking continued for a 
furllier period of thirty minutes, the vessel being eonnected as 
hei'ore with the hydrogen generator. The solution was then filtered 
from suspended palladium and concentrated, when tlm remainder 
(,[ (]ie |)alladiuDi, held in colloidal solution, separated. At a suitable 
stage the liquid was again filtered, and, on cooling, deposited 
qivcry leaflets, meltiitg after recrystallisation from alcohol at 88" 
(Kotind ; 0 — (i5-8; H = (>‘5, requires C ^ 65*0; If :: 

0-3 [KT CCJlt.). 

This substance is readily soluble in most organic solvents. It.s 
itk'oholic solution gives an intense bro\vnis}i-\’i()lct coloration on tiu' 
addiliou of ferric cdilorlde. It is soluble in very dilute aqueous 
^odiuln hytli'oxide, and the addition of more sodium liydroxide 
precipitates a sodium derivative. Ether, however, is able to extract 
the substance almost completely from an alkaline solution. 

if^olla'fnatcui Fernchloride Tf'lramefhyl Eihrr (Iff). 

Hydraxydimethoxypiienyl ri-veratr 3 lcthy] ketone (2 grams) was 
dissolved in anliydrous formic acid (20 grams) and, after tlie addition 
oi fused zinc cdiloride {.,) grams), wliicli produced a brilliant carmine 
eoloraiion, the soiulion was boiled under reflux during eight hours, 
!u the course of which the red colour faded and changed to brownish - 
veilow. A ferriehloride \vas precipitatt'd as a brown powder by the 
addition of dilute hydroeldnric acid and a concentrated solution of 
leiriv c]ilond(‘ in eoncentratc'd In di'oehloric acid to the cooled 
I'caction pi-oduct, Tliis was collected, dried, and thrice crystallised 
from glacial acetic acid. It was obtained in this way in glistening, 
i'rnwu needles whicti, in spit(‘ of their attractive apjiearanee, were 
unt yet quite jUii'e and ^vere recrystalli.sed from chloroform, it 
was found hot to filter a liot saturated solution and rapidly distil 
away two-thirds of the chloroform. The sub.staiicc separated, on 
(.‘uoling, in hiematito-red needles with green rellex. Under tiie 

laid ai'idif-jotl Avitli liyihocliloric acid. The copious yellow pjCL-ipitate 
va., colhxtcd and rvbtailu.cd iVuin !,}0 per cent, alcohol, from whicli the 
■•'ii'Muncc sc'paratovliu .deuder, pale yellow- needles moiling at 12o' fKosiaucc'ki 
-■'1 fJudsc, kc. cd., gd-o 1:14-). 
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microscope, these are seen to be transparent, orange, 
unpointed prismatic needles, which are very well shaped amj 
frequently twin and form clusters (Found: 0 — 4o'0; 
C 2 oHjgO-tVCl 4 requires C ^ 44-0; H — per cent.). 

Tins salt darkens slightly above 170" and melts at lOp 
decomposition. It melted at the same temperature when inixiq 
with a specimen obtained as described on p. 1034 from li!efnat.ox\liii 
and crystallised from chloroform (Engels, Perkin, and Kobinsrui 
loc.. rit., give m. p. 190" for the subsiance crystallised from aictio 
acid). In crystal form, appearance in mass, solubilities, and in 
every other respect, the two specimens were identical. The yelldw 
aqueous .solution becomes nearly colourle.ss on great dilution hik! 
the colour can then be r('stored by the addition of hydrochloric iu-id 
Addition of scidiuin acetate to an a({Ucous solution produces a 
brown, flocculcnt precipitate, wliieli is partly soluble in it her r, 
a faint pink solution. The separated ethereal layer gives an orajiLfr 
precipitate on shaking with hydrocliloric acid, and this siibstaiict' 
crystallises from hot dilute liydroehloric acid in orange, mic*rosco|]i(; 
needles. It is the indcnobenzopyryliuui chloride, and is convcrtL'i] 
h\^ ferric chloride to the ferriehloride, melting, after Ciystallisatidii, 
at 19F. Evidently the pseudo-base corresponding witli tlies' 
oxonium salts exists in the elhercal solution, but atteiupts tn 
obtain the substance in a crystalline form were unsiiceessful. Tlir 
ferriehloride is insoluble in cold alcoliol and does not even mkmr 
tile liquid. On boiling, a deep yellow solution is obtained, kt 
nothing separates on cooling, and some decomposition must have 
occurred. The solution of the ferriehloride in sulphuric acid k 
intensely yellow and exhibits a green tiuorescence, very weak by 
comparison with that of similar resorcinol (brazilin) derivatives, 


OH 


HO 


K'H 
1 1 

/C\ 


isollcematein [Anhijdrohcemafein), 



(Synthetical hsolifematein HTrichloride tetramethyl ether was 
demethylated exactly as described ahr)\'e in the ease of the related 
brazilin derivative (p, 1035}, except that the orange sulphate was 
converted to the hydroclilorido by crystallisation from dilute 
hydrochloric acid before proceeding. 'J.'hc resulting fsolimmateiii 
hydrocliloride crystallised from dilute hydrochloric acid in 
orange, microscopic needles, and cnm 2 ]arison showed it to bcideiilkal 
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with tin’ salt prcjmR'd from luoniattsn as directed l)y Hummel and 
IVrldn {loc. cit.). On the ad(!itiun of silver hydroxide to its jniueous 
soliith-'R atid evaporating the filtered licjuid to dryjiess, the eharacter- 
i.-^lie gree.ii lustre of the residual (.solueinatein wa.s oljservtsl. 4'his 
sultstaiiee dissolved in dilute potassium iiydroxide to a reddish- 
violet solution, which becaiiie darker in shade, aitlmugh less iutenstdy 
coloured, on standing. The hrouuish-retl shades given, by the 
.^vnthetical i^oheematein liydroeliloride and that obtained from 
hiematoxylin on aluininiinn-inord anted eloth were identical and 
behaved in the same way on soa])iug and on tnuitment with sodium 
liypoehloritc solution. 

7 : ti : 5' ; : I'yhoiwiitjrijlium 

Ft rricldoyitO', 

(t\]e I 

ileO/ N 

Ill' 


Mcb (ble 

Tilis .sub.staiiee was pre])ai'e(l from hy(li'oxydinielh(.'i.\yt>henvl 
p-veratrylethyl ketone, ae('tie anliydride, and zine eldorido under 
precisely the .same conditions as those* ein])i()y('d iji tlie case of the 
corresponding resorcinol deri\-ative (see p. id3b). Tiie ferrieliioride 
precijHtah'd from tlu* reaetioii mixture was dried and cry.stallised 
from acetic acid (.»r by the addition of alcoliol to a concentrated 
solution in aet'tone (Komid : C 4,r7 ; H — 3-9, ('o^HoiO^I'eCl^ 
ro(piires C — 45-7 ; H 3-S per cent,), 

This lioinologue of /volui'inatein ferriehlojide letramethyl ether 
ck).sely resembles it in most of its propcaties and crystallises in 
deep brown, dc'u.se aggregates of mierviseopie needles, melting at 
19:1—193’ with decoinpirsition. On tlie addition of sodium acetate 
to a mixture of its yellow aqueous solution and ether, the water is 
coloured red and the ether bluisli-grecm, the latter quickly changing 
tu dull mauv(:\ The ethereal layer now contains the pyranol base 
and gives a lloeculeut, brown pveci]>itate, insoluble in ether and 
water, on the addiiiou oi picric acid. The pseudo- base was also 
treated with hydrochloric acid and ferric eliloridc and the ferri 
chloride, m, jj. 193—193', regenerated. 

I'XivF.irsiTV or i Avmti'oi a, {lull)). 

t'UK.MlsTRV liK.Si'l \i;( II i..\L;iUC\']'(l}iY. 
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PATTERSON ; A PROFEUTY OF ETHYL TARTRATE, 


CXXIV. — .4 ProperUj of Ethyl Tarirale. 

By Thomas Ste\\ art Patterson. 

In Iho .Mai'cli number of this Journal (this vul., p. o32) tlioru 
a pajxT by Messrs. Lowry and Putter dealing with ethyl tartnitf 

in which they state (i) that “ a]mo.st all eominercial sampL.sof cilivi 

tartrate an' yellow in coloiii'/’ a similar colour having been abi, 
observed in one of their own samples. This nolonr is undoiibtcfliv 
duo to an im[)urity, since it can be r('nio\'ed liy freezing out atift 
eeiili'ifuging llu' erystaliiiu' (■st(‘r/' And, (ii), ‘‘ The ])unlied cto.' 
developed a yellow colour wJien licated in llie distilling Hash, atn! 
gave a yellow distil lat(', the colour (jf wliieli disappeared, houevir, 
after a few hours." This eoloiir, they nyard a.s an indieatiun of 
purltji rather than of iiDinu'ifif in the sample (pp. dli7-.jo8] and Ph.v 
regardt'd it as pcahajis the result of a re\er.sible dehydiatio]! 
(p. o44), 

tSince lS9d I Inwe been aware that under cau'tain (areuni.stajKts 
ethyl tartrate may de\'('Iop a transient green colour and from linuMo 
time 1 have carried out experiments on this sulijcct, but since tiuH- 
have not reached the stage I sliould have wished, they havt' not prc. 
viously been referred to. In view, howTWTr, of Lowry and Cuttci''; 
work I should like now to indicate briefly the conelusioas whiel; 
have so far been arrived at. The green sub.stance which Lowrv 
and Cutter rightly regard as an impurity, and which can be fraction- 
ated out of the ester, pos.scsscs tlie remarkable property not men. 
tioned by them that, when present in the ethyl tartrate in quaiiti- 
tic.s not too large, it becomes perfectly eolourles.s on standingfer .mme 
time. The impurity tlierefcn'c possesse.s the eliaraeteristie whicli 
Lowry and Cutter attribute to specially i)ure ethyl tarirate. 

Since sultstances tin' colour of which fades on standing and 
return.? again on re-heating are uncommon and pos.sess a peeuliat' 
interest, the matter is perhaps one of importance, and I have tliciv- 
fore constantly ke])t it in mind. The first indication of tlie cause of 
this greeii colour was gi\eri by a slight accident during di.st ilia lion, 
whereby a considerably too rapid stream of air was sucked for a sliort 
time tlirough the estei' at a temperature of al)out The lin-t 

runnings in the di.'-lillation tlien came over bright green, almosl 
grass green, in colour, but on standing for a time became colourlp;'> 
or practically so. Even in such a case, however, tlu‘ substamv 
producing this eh’eet i.s probably present only in sinall quautjty 
since it does not much lower the rotation of the ester; but that it 
is not an indication of purity in the ethyl tartrate hut merely an 
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inii)iinty seems to be certain from the fact tint it may he almost 
(■omj)Ietcly— or completely —fractionated out of the ester. It is 
,(uitc certain that on distilling a sample of such, ethyl tartrate the 
]i,vt runnings are very much morv grec'ii than the later fractions. 
Some twenty years ago, at Leeds, Mr. W. Lowson, L.Se., was good 
enough to carry out for me a few e\'j)ei'i]uents in this eoniiexion. 
Ethyl tartrate prepared I)y the hydroelilorie acid satui-ation method 
was heated to a temperature of about ihjtL, and then a slream of air 
was sucked through tlic ester. AVe hoped in this way to obtain a 
eonsiderable fjuantity of the green jwoduet, hut oui- coHahoration 
had to he discontinued before' w(' had succeeded in our elTorts. It 
]]i:(y he recorded, however, that in ojie e.\])eritnen(, after the healing 
liad been carried on for some time, the wiiole contents of the flask 
.«;u(klonly hecamc converted into a carbonaceous ma.s.s. We liave 
not [)LMTi able to find a nu'thod for isolating tlu' im()urily, possibly 
because it is present in only snndl (|uantity mixed with a large 
pi’ 0 [)orlion of ethyl tartrate. If the impurity is presc'tit in suflicient 
(jimntity it may impart a i)erma]ieiit gn'cn colour to the ethyl 
tartrate. On heating a colourless sam])h' of ester of this kind, the 
pn'cn colour develops at a teniperatiirc' of about J^tly and it is also 
noticeable that, eonverschg although l)oth the liciuid trapped in tlu; 
neck of a Claisen distilling flask ami the hot va])our in tiie neck of 
the llask may appear quite colourless, the distillate may, neverthe- 
less, be distinctly green. 

Since the appearance of Lowry and Clutter's paper the foregoing 
observations ha\ e been verified. A bottle is kept in this laboratory 
labelled green ethyl tartrate and to it are consigned any samples 
which have fieeome green during prei'.aration. as it is prefcTable to 
use only pure and colourle.ss jiroducts. Sonu' of this specimen, 
which exhilhted, permanently, a slight gi'ocii colour, was very care- 
fully distilled at a ]U'cssure between 1 and 2 mm., from a Claisen 
flask with a high side tube. The tartrate' Ijoiled in ih.e neiglibour- 
hood of 117" with the oil-bath at a temperature of about L">7\ 
dhe lirst fraction was bright green, and tlirei' successive fractions 
.showed a rapidly diminishing colour, dlhe last fraction had only 
tlie faintest tinge of green. All, exce])t the first, became perfectly 
colourless on standing for a time. It is thus c\ ident tJiat the green 
substance can be fractionated out ; it is also evident that it is no 
ordinary impurity. 

'I’he distillation was stopped when nearly half of lla original c>ter 
remained in the tiask. This was then heated to a temperature of 
about 200’' on an oil-bath, and air wa.s sucked througii the hot e.ster 
for a few minutes. Distillation at low pressure was tlicn recom- 
menced, and the first fraction came over almost gra.>s-grcen in 

o 0 2 
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colour, Tlie coloured impurity, doubtless an oxidation product 
liad been I'r-fornicd. 

1 propo-se to continue the investigation of this renuirkalii^, 
plienotnenon. 

()j{(i.\NK' ClJEMlSTKV Doi’A )n'M EM', 

Umvkksitv (^r linASouu . iPu'cearJ, April li//;, ];io_) ; 


eXXV. — Capsularin^ a Glucoslde from Jute Leaj. 

By Hakioas Saha and Jvumud Aavth CiiouniiuKv. 

The gluco.sidc present in tlic seeds of Cordionoi caimdam 
been de.scri!jed, under the name of corcborin, })y Tsutio {Moiixildi. 
pr, Tkrhcilkumh, lS9o, 6, 455) and by Ivobert [Ber, (;,>■. 

Rostock : Arch. Franuh yaiur. Qes. MccMenburg, 1006, Xo. T;: 
Chem. Zenir., 1007, i, 1273), No one, however, seems to Iuyl' 
done any work ^villi the leaves of the same plant, which too appoir 
to contain a glucoside. Tlie dried leaves of this plant, eonmumlv 
known as jute, liavo long bcaai used in medicine m Bengal luuk 
the name of nalila. The eoj’chorin of Kobert, wliicli he ohtaiiK'd 
from Merck, i.s a browji, amorj)hous powder, which is much nioiv 
bitter than quinine sulphate^ and turns bluish-green with con- 
centrated sulphui’ie acid. The glucoside obtained from the leaf 
of the same plant and described below, for which the name capsukm 
is proposed, seciu.s to be diU’erent from corcborin, as it is a wlihe, 
crj-stalline substance \vhich i.s much less hitter than quinine sulphau* 
and develops a red coloration with sulphuric acid. 

Matured leaves of tlie plant, collected in June and July and 
dried in the sun, were extracted with boiling water, and the extract 
was clarified with lead acetate, freed from lead by hydrogen 
sulphide, and concentrated to a small bulk after the addition of a 
tittle ammonia. The glucoside, precipitated b}' tannic acid from 
this dark-coloured liquid, uas again liberated with barium hydroxid': 
solution, the barium removed with carbon dioxide, and the filtrate 
concentrated and ke])t over-night, ^vhen it yielded beautiful, 
needie-shaped crystal.s, It was afterwards found that the filtrate 
from the lead sulphide, on concentration and cx})osure to the air 
for a few days, also yielded the same crystals. After purification 
with alcohol and rccrystailisation from water, the glucoside was 
obtained as a white, crystalline substance, in. p. 175 — nth. Tiic 
yield was about O' 6 per cent, of the weight of the dry leavc.s. 

Capsidarin is very hitter to the taste, and is sparingly soluble 
in water and insoluble in ether, but dissolves freely in alcohol 
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acetone. It is neutral to litmus in aqueous solution, develops 
with sulphuric acid a beautiful red colour with green fluorescence, 
and is hevorotatory, having in (dhyl-alcoholie solution 

'(Pound: in air-dried material, C ^ o0'52 ; H — HdH); loss at 
nO'-'U-i' - 4''). reriuires 0 51)-lh ; H = 8-5; 

0 - 441 ^^^4- Found: in material dried at 110 — 112'^, 

H -- 8'OS. requires C -- 61 -68; H -= 8-41 

per cent-). 

A pfiita-aceh/l derivative, prejuired witli acetic anhydride in 
the usual manner and crystallised from dilute alcohol, incited at 
15)4" after being dried at 100'’ (Found: (J ; H = 7-.53; 

(qH 0 [estimated by Perkin’s method, T., llKJo, 15, 107} — 32-82. 
clHaiOgiFsHgOjj requires C = 60-19; H = 7-2; C.^fi - 33-69 
per cent-J. 

Hydrolysis of Capsularin . — The substance was heated under 
xetlu.K for about four hours with 2 ])er cent, sulphuric acid, the 
white precipitate removed, and the filtrate, which r(slu(ted Felding’s 
jjolution, after treatment with barium caimonate and eorieentration 
to a small bulk in a vacuum, was warmed With phenylhydrazinc 
livdroehloride and a few drops of glacial acetic acid, when an 
nscizone was obtained. This, after crystallisation from dilute 
ethyl alcohol (1 : 1), melted, alone or admixed with d-glucosa/.one, 

aQ 3 -204". aqueous solution of the sugar (about 3 grams 
in 40 c.c.) was oj)lically inactive, but after treatment with yeast 
(free from any reducing or aclivn sugar) for four or five days at 
room temperature it was found to be ]ie\ orotalory, showing that 
the sugar was a mixture of equal quantities of d- and /-glucose. 

The second product of tlu^ hydrolysis, crystallised from 33 per 
cent, acetic acid, formed small luaalles melting at 18.3". The sub- 
stance is insoluble in water, l)Ui freedy soluble in alcohol or ether, 
bums with a smoky ilame, and gives with sulphuric acid a red 
colour with green Huoia'sceiice. It is insoluble in alkalis and does 
not reduce Fehling’s solution, neither does it form any compound 
with phenylhyilrazine, It reduces alkaline permanganate, and 
decolorises bromine in carbon tetrachloride solution {Found : 
0 -71-9; 10-19; J/, in boiling ethyl alcohol, — 269. 

requires C — 72*18 ; H. = !)'77 per cent. : M -- 266). 

The substance gave witli acetic anhv<lri<k', ciiloroform, and 
concentrated sulphuric acid a violet colour elmnging to green,, a 
reaction characteristic of the alcohols of the series 
isolated by Power from the \-<’getable kingdom (T., lOOS, 93, 908; 
19;)9, 95, 249). 

Kp])eatcd attem]>t.s to acetylate and bcnzoylate the second 
product of hydrolysis under dilierent cciiiditions met with no 
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success. When it was heated with phosphorus pentachloriJe ij, 
a water-bat ii, a yellow substance, probably a chloro-derivath> 
soluble in alcohol or other, but insoluble in water, was obtained’ 
winch could not be induced to crystallise and therefore was a , ,4 
further examined. 

Tl)c hydrolysi:.-; of t!io ^d’^ooside takes place in accordance vdtl 
the ecjuation d" hlsO ^ OgHj^Og H- CjgHogOg. 

The amount of idiicoso was estimated volumetrieally witlj 
Fehling's solution (Iv/und 41'82; calc,, 42*05 per cent.) and tin 
second ])roduct was erdracted with other, dried at 110 — 112 '. 
weighed (Found 62'(i2 ; eale., 02*15 per eeni,). 

Oiir grat('fnl thanks nr(‘ due to llabu ld)eadra Chamlra ]5|jat- 
tacharja, M.A., who has kindly h(d])ed u.s in carrying (mf 
polaritiK'trie exjun'inumts. 

Chkmicai. L.\i!onAT(ti:v. 

Dwi'A [xTKKMrrjiATj; C'i)ri.i:(;E, 

Dkne.m.. - Revi Ire /I. Fcbriuir/i 20! h. 


CXX^’I, — TJk- Hale af EraliiHon of Carbon DmEe 
froni Solution in Presence of Colloids, 

By Ali;x AND 1:11 Findi.av and Owr.x Ruys Howkli,. 

Tun rate at which a gas csca|)es from a sii])ersaturati'd sdliitii'ti 
ha.s been shown by Iniidlav and King (T,, 19F2, 103, 1170; ItiU. 
105. 1*207) tn h(‘ infhienc(*d by the presence of cnllohl.'^. The nicOiil 
cniployed in in\A‘sl iga1 ing llie process, however, involved a ratiii! 
complicated jirrangeincnt of nppai'atus and considerabh' inanij)!)!:!- 
live skill, and it s(-enic(l to be (le<ii'al)l(' to oldain some other aiid jren- 
sini[.ile method of studying tlie [irobk'in. We have tlierefore iiio- 
tigated the !'at(* <4' (J.esa.turation of a .solution of earljon iJio.xid" 
when an indifferent gas is '!nibl)!ed through the solution, th(' jirugn-- 
of de-aeration being followed by nuuns of measurcnn'nts of eleett'io’.l 
conduct i\'ity ((‘ompnre Bernnui. T,, 1S9,7, G7. St'iS, 892: ISfIS. 73. 
511: Knox, .1 /on. Phi/.al-. 189.*). 54, ll: .Ahwor, Z, EhLirochuK.. 
1909, 15. 249: Bohr, dec, riiaSL mu. G8. 500; Steele. T.. 1!.»U3. 
83, 1470 : (.’arlsfm. J, Chltn. Phi/^., 1911, 9, 228). 4’he methoil b 
essentially different fro!n that enijjloyed by Findlay and King. :uul 
a precisely e(iinj)arab!e i)ehavionr is not to be looked for: hut ii 
is sini])le lo carryout, and tlie r(‘sults obtaiinsl, \\v believe. llii‘0'.t 
some further fight 011 tlie iK'havioiir (4 colloids. 

Apijaratus and Mclltod.---'\i\K‘ conductivity cell was a cylindmil 
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vessel made of resistance glass, 1:2'5 cm. higli and 3'4 cm. in dianioter, 
whicli could readily be oonnectod \uXh the ga.s inlet and outlet tubes 
])V means of glass tubes with tapcTod and gi’oiind end.s. 
bfho ciirboii dioxide used in the experiments was ])repared by the 
action of pm'C bydrochlorie acid (jii \\ liite marbl<‘, and was washed by 
passage through solutions of potassium permanganate and sodium 
livarogeii earboiialc, and then Ihi'niigh distilled water. Before 
(-nteving the eonductivity cell, in which liistilled water or \vat(T 
containing colloid was placed, the oai'bou dioxide was passed tlirough 
a fourth wash-bottle, placed in the thcnmistat and containing the 
<ame solution as the conductivity cell. In this way alicration of 
the concentration of the solutifui in the conductivity cell was 
avoided. 

For desatu ration, a current of air was drawn at a constant rate 
through the solution. Tlu' air was fnval from carbon (U(>xi(le bv 
passage through a long tube containing soda-lini(\ and ilum thro\igli 
luo wash-hottles containing potassium liydroxidc' and distilh'd 
water, and lastly through a Hash, innuor-.ed in tlie thei-nioslat and 
(■(intaiiiing a tpiantity of the solution iisctl in the (•()nducti\ity cell. 
Before entering tlie conductivity cell, the air was hrouglit to the 
temperature of the tlicrniostat by passaga* through nlntut N feet 
cf narrow co])pcr tubing wound in spiral form and imim r.-cd '\\\ the 
ihiriuostat. This precaution \ras found to In; ncccssar'v in order to 
]>revcut the cooling of tlie solution i)y the stream of air. 

All measurements wen' eai'ried out at . Fifty c.e. of the 
solution A'cve introduced into the conductivity eel! an.d its eunduc- 
tivilv was rjetermiiU'd, It was then saturattd with (sirbon flioxide 
and tlie conductivity again detorniiimd, .\ir was as]iirat(‘d fliroiigh 
the solution and the eonductivity d,otcnnin('d (‘Very liali-mimite. 

('ajciildtioii of -As each air-liubble entt'rs the solution 

the carimn dioxide did uses into it at a rati' which may be rcprcsenttal 
, , . (IC A.s 

by tlu' expression — ^ (t'j — r.,). when* A is a diltimion 

cocfhciciit (s-f r ](iit r)^ s the area of the sin-faec of tlie buhiile. / the 
thickne.<s of the .surface' layer. and \\\v eoncmitration of 
carbon dioxide in the solution and in the bubble, respectively. If 
the l)Lil)bles pass through the .s(,ilu1ion at a constant and sufti(‘icut!y 
rapid rate, tlie area, a, may b(‘ regai’dcd as constant, and tlu* 
concent rat i(jn as zero. We may tiiend’ore write, since A..s / is 
constaiil for a given solution, — tIC <ll LC, where (.) is the eon- 
ceiitratioii of the carbon dioxide in tlie siihition at any time 1. On 

integration, this yk'lds the expiTssioii }: ^ h^Lg f fV In the ease 

ot Weak acids, the conduciivity, is a]i[n“o\iinateiv proportional 
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to the square root of the concentration, expressed in grani-eq uivalf-jj^^ 
per litre, ajid we may therefore write k --- | log, 

The conductivities of th(' solutions of carboji dioxide weiv cor. 
rocted by subtracting tlie conductivity of the water (in the cas,' 
of pure aqueous solutions), or of the colloidal sol eni ployed. Tb- 
velocity coefheient was then calculated from these correctcHl 

E X V l'] R I M E N \ h. 

1. Pure Aqueous Soluiious of Carhon blonde . — As the rcsidtofg 
large number of experiments, it was found that the desaturai.io'j 
of a pure aqueous solution (jf carbon dioxide proceeds in the sauif. 
manner irrespective of the rate at which the euiTcnt of air is pas.scd 
The rate of desaturation increases, it is true, with increase in the mto 
of passage of the air, hut for a gi\'en rate the velocity coefHibfij 
remains practically constant untd desaturation is nearly coni])lete 
In all our final measurements, therefore, a constant rate of air 
current was maintained. In Table 1 ai-e gi\ en the results of one oiii 
of the many determinations of tiie velocity of desaturalh)]) of an 
aqueous solution of carbon dioxide. In this table, t represeiit.s tinii; 
in minutes, k the cnnduetix ity of tht' solution, s. the correetni 
conductivity obtained by subtracting the conductivity of the water 
from the conductivity of the solution of carbon dioxide, and Irl 
the velocity eoctUcient. 

T.VIUJ-: 1, 

CoHductlvih/ of - 10 ’ rfnjuvrn] ohms. 


t. 

!{, 

.v," 1"’'. 

ii' t:; L 

0 


221 s 


o-.’j 

41'!);; 

1 

(l•201 ' 

]•(» 

,']T-ss 

! 127 


2-0 

:tn'4! 

!I21'7 

I'lqen 

l-n 

i'cti; 

77s'i; 

(!-l:i2 

li'U 


1 ,72 '7 


s-o 

7-72 

7!!-ii 

(i-lerj 

lo-o 

4' 7.7 

22'7ii 

O-lCfi j 


ft was ■found, in agreement witli tlu' results olitaiiK'd by i'indlay 
and King {lor. c/7.), tliat tlie vidoeity of desaturation was (jiiitr 
independent of the time duritie which the carbon dioxide had htvii 
kept in solution. 

2. Solullons coufaiiiitiq Sfarrh lu tliese exjKTiments Kalillnuiia s 
soluble stareli was employed. The starch wn.s r(“pe:it(‘dly washed 
with alcohol and with water in m-der to roiuna' any solnhle salts 
present, 'Hie solutions were jirenar/'d by adding boiling c tnilVie- 
tivity water to standi paste, and the iinxture was tlum warmed aii 
the watcr-bath for ten mimites, wlum it beeanu' (dime, Mai'di 
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solutions of difTercnt e(.)iic;(*!itrHtion v.’ere and it was foiiiul 

lliat the rate of desaturaticni of solutions of carbon dioxide in ina‘seiieG 
of starch is consideraldy greater than in the <-asc of ])iire aqueous 
j;oIutions, and that it inci'eases somewhat, although not markedly, 
as (Icsaluration proct^ods. This la hav iour was found with all tiie 
starch solutions investigated, and is more pronounced the greater 
the concentration of the starch. Ewui wlien t!u‘ process of satura- 
tion and deaaturation was repeatedly carried out with the same 
starcli solution, there was no ehaiigc in the general behaN’ioiir of 
the solutions, 'hhe results obtained with starch sf)lutioiis of 
(lilTerent concentration wei'o as follow : 

[a] One per cent, solution of .daradT; initial oonductivity, 24*40 
V t0“** reciprocal ohms. {)-V,]l: : mean value - 0*29 l> (extreme 
values = 0*28!) and O-dU). 

[h) Per cent, solution of starch; initial conductivity, 
uti'lO X Id recijwocal ohms. 0-411/c' : iiuuiii value - 0*:t38 (extreme 
values -= 0*289 and 0*402). 

:h iSoh(iio)i-'i co)ifaii((ji(j /Mi'/rO/.- Kahlbaum's d{‘.\triit was used 
and was puriiied by dialysijig an 8 per cent, solution for about a 
week against conductivity water, a little toluene being added to 
prevent the growth of moulds. The re.^^ults given in (r), (d), and 
(r) are selected froni a large number of (l(*tei'mii]ations, all of which 
gave similar values : 

({•) 1*04 Per cent, solution of dextriii ; initial eoiiduetivity, 

27’.m recij)roeal ohms. O- lo/; ; mean ,alue — 0*2d() (extreme 

values 0*242 and 0*278). 

(V/) 0*28 J\'r cent, solution of dicxtrin ; initial conductivity, 

4S*Sl >: 10'^' reciprocal ohms. 0*42/.’: mean value ■ 0*242 (extreme 
values - - 0*2.22 and 0*24.')}. 

(c) O-bt) Per cent, solution nf dextrin; initial eoiiduetivity, 

S2*!I2 '< fO"'' reciprocal ohms. 04o/.’ : mean value 0'2Hi texlreme 
valuc.s ^ 0*217 ami 0*220). 

4. Sohilio}}-') co)it((uiiii(j (ulalliL — I''i'(Micii sliect g('latin was used. 
Pefoi’c use it was cut up into ^lllall ])ieees and allowed to soak for 
several days in r(‘peat('(ily changed eoiiduetivity water. (Owing to 
the e.xcessive frothing which took place during desaturatioii of the 
carbon dioxid(' solutions, only dilute solutions of gelatin could be 
employed. The results given in (/) ai'e typical of those obtained in 
other cases : 

(j) (J*2b l^('r cent, solution of gelatin: initial eoiiduetivity, 

18*20 X 10' '’ reciprocal ohms. 0'4o/.' : mean \-aIue — 0*117 (extreme 
values - O'OOO and 0*1 19), 

5. Solution.'^ Ferric U 'jdrm'ulr . — A dial\sed so! of 

ferric hydroxide w’as employed. A largi* number of determinations 

0 
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have been made, and the results; given in ( 7 ) and (//) are Tcprescittaiiv,. 
of all ; 

(j/) 0-6S) Per cent, sointion of ferric hydroxide ; initial eonductivhv 
32M X 10'® reciprocal ohms. 0'43 /l' : mean value 0-155 (('xtrciin’ 
values = 0-130 and 0-153 ; maximum value = 0-174). 

(/<) 1-39 Per cent, solution of ferric hydroxide ; initial conductivitv, 
510-2 X 10'® reciprocal ohms. 0’43(' ; mean value ~ 0-192 (extrc%,. 
values 0-100 and 0 - 102 : maximum value = 0 - 222 ). 

f)i.iCvs-‘^lon. 

Whcji oJic consider.^ Die rcsult.s detailed above, it will be ob^ierve-f’ 
that the prc.scncc of a colloid has a distinct influence on tlie rate t.l 
desaturation of a solution by the bubbling method. In llic oavf 
of solutions of starch aiul of de.xirin, the velocity coefficient of 
de.saturatio]i i.s greater, ajid in the ease of ferric hydroxide amir/ 
gelatin, the velocity eneffieient is smaller tliaii that of pure a(jiicoi;s 
solution.s of carbon dioxide. As a rule, also, in the ea.se of tlii; 
colloid sols th.e values of tlu'. ^-eloeity coefficient an- less eoustarti 
than in the ease of pure a(jue(uis solutions, and generally show a 
trend toward.s ineiT-asifig values as the desaturatio]i proceed,-. Tlii^ 
increase in the veloc-ity coefficient, whicli is .specially marked iiuhf 
case of gelatin solutions, may perhaps li])d its explanation in the 
changes wiiieii the eolhffil undergoes under tlie infliicnee of cfirlmn 
dioxide, and in coiise(|i!ent changes of surface tension of the solution. 

Although the ^■aItles of the velocity coefficient show a delinitf 
trend, we have, for the ])ur])o.'^c of comparison, taken the mean of tlie 
values, a.s indicated in Table 1 and in {a)~{h). These value.s 
have collected togctlier iji Table If, eohnnii 2 . 

Taul)-: 11. 


Vdocitf/ iii'^ of fl(.‘«(lura(io/) of ><uhif ions of cariou 

\'r'i(>fi(y {•(K'Clici'';;; 

Sdlvciit. O'.ta (l-'ijidlay iiiid Kihl'.. 

1. ISf arcii .-ioliilii)!!, 1 orrmit. UolUii 

X."i d'lias I’.'t jH')’ (‘('111. j C'ao, 

2. D(.‘.\lnii HOhitJOM. Liii .. .. O'J.wi 

a-2s .. ,. 11-244 id .. )"XX 

!. .. d-.'ei .. .. u-21fi 

3. Waicr 

4. livrli'ti.’ddc -oldtioM. o-i>n U-i.-).} 

i-d's .. .. u-!ui (i-:Vd .. .. lO-e'V 

o. CicJaliu -ulmaiM. U'J.d .. ,, H- i 1 7 OHi.S .. .. | '''I-'*' 


To fijid an e.-^planatmrt of the varying values of tlu- velocity 
coefficient of df-saturation by the bubbling method, we must eon-idrr 
theexpression used in calculaiinglhese values (p, 1U47). Tbisexpiv.- 
sion involves Ihe factor A . s- 7, where A represents a dilTusiou coelli- 
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,>iont of carbon dioxide across the boundary layer bchvenn solution 
;i!k 1 air bubble, or, perhaps, wv. niyylit jiiore correctly 1«) say that 
y iTj)resents the eoehicierit of e\'oIution or es<-apo of tlie gas from 
ti)c boundary surface of the solution into tlu' air l)ul>ble. It would 
<eem that we are dealing here, not with a ti’U(‘ difTusio]i coenicient 
(if a gas across a film, for in that case M'c should expect tliat the value 
,,f A and therefore the vabu' of the velocity eoeflieient of <lesatura- 
tion would be greatest in the ease of the solution in whieli earhon 
dioxide is most soluble (compare Exiier, Sifztoigsln r. A had. ird.-,';. 
li'puo 1874, 70, ii, 405; Wiesner and .Aloliscli, V/id., 1SN9, 88, i, 
(170). This, however, is not the ease, for addition of gelatin raises 
llic solvent power of water for carbon dio.xide, and addition of standi 
and of dextrin diminishes the solvent power (Findlay and Creighton, 
T.. IDIO, 97, 530). 

We come hac;k, therefore, to the Cjnesiion, What is tlie property 
rf the .solution which determines tlie value of A and therefore the 
value of the vcdocity coefficient of desaturation I U wa.< suggested 
liy Findlay and King (T., 1013, 103, 1170) that the velocity of 
{■volution of earhon dioxide from supersaturated sr)lution on being 
vigorously shaken might lie lirougdit into relation with the surface 
tension of the solution, and that the lower the surface tension the 
MUtre rapid would lie the evolution of tlie gas. In tite case of 
Findlay and King's experiments, this conclusion seems to be liorne 
(Hit, as a gdanee at column 3 of Table 11 will show: for starch and 
dextrin raise the surface tension of water, whereas gelatin lowers 
the surface, tension. In our experinu'nts, however, we ilnd the 
jiiverse reIations{ii[i lietueen velocity of desaturatioii and suiiaei' 
ti'iision of tiie solution ; tlie velocity eoeltieient of de.saturation varies 
syiihatically, not antibatieally, with tlie surface tension. 

Since .substances wliieh lov.vr the sui'faee ten.'^ion of a liquid 
l|^•conle eonceiitrated in tin' surface lave;’, we might ri'gard the 
collnid as exercising a sort of lilocking action and in tliis ^vav retard- 
iiig the escajie of carbon dioxide from tin* solution. This exjiiana- 
tion, liowever, would scarcely hold in tlie ease of tho.-H* (‘olioids 
^'iiich, like .starch, raise tln^ surface tmision of water, amt for which 
the velocity of closaturatioii is greater tluiii for water. are 
inclined to believe, therefore, that it is not the surface tension of tlie 
■ouition which determines the rate of e.-'eapi' of a gas, but rather tlie 
mternal pressure of the solution which varies synbalieally with the 
■'Urfacc tension. Determinations of the rate ol desatui-atinn of a 
gas solution by the bubbling method would therefore give a measure 
cf the internal pressure of the solutiijii. It will be of interest to 
find whether this is true for solutions of carbon dioxide in different, 
non-colloidal so'- ruts, 
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It may also be poiiitofl out that since it has been found (Skirr^ 
Z. 'phpxM. Chm., 1902, 41, 139; Christoff, M, 1905, 53,32]; 
55, 622) that solvent power for a gas varies aritibatically with tt-,,, 
surface tension, we sltall expect that the velocity coelficionis f,f 
desaturation by the bubbling method will vary antibatiealiy whlf 
the soh’ont power of the solutions for carbon dioxide, As indicai,,] 
above, this has been found to be I he case. 

ClIKMISTUV lji;r UITMFNT, 

CxiveusiTV oe AiuiPDioix. Ixecrimf, J'cbriian/ or<l, lityy 


CXXVll.—The Sulphilimines, a New Class of Orgemi, 
Compo n n<ls co u(a ininy Q iiad rivalent Sulpk ur. 

Bv^ Fkedkhk'K CunFUiE i\iANN and William tlACKsox Poi’r, 

Brofessor II. S. Bapjai, of tlu' Lhiiversily of Lt'crls, in a re])aiit-, 
the Clieuhcal W'arfare Drpai'iinent dated May, 1917, showed ilu* 
P[i'-dicbl(>i'(ulielliyl sulpliide readily undergoes condensation wiij; 
sodium tolu{'ue'p-.'<u]phoi)ehloi'oauiide, (\. WiMe'S(.C\a!XCI.;h!J), 
first dcscriijed ]>y Cluiitaway (B., 1905, 87, loll) and now wi(ich' 
used as a gennicide iiiuiei' tlie naine of " cldoramim' T (Dakii!. 
Cohen, Diifresne, and Kenvnn, /Vnr. J-iOff. Sor., 191 (>, [/>], 89. 

The nianufaetun’ of eliioraniine T lias been recentiy di'serilx'd 
Inglis {J. Soc. (lion. Ind.. I91<S, 37, 2SSt). dhi' eondenssilii']; 
product, of which the coinnosition corresponds with tlie constitiiiini 
C6HjMe-SOyX:S{CHyCI:CCi)., is Idghly erystailiFU', nudts at Ul-.V. 
and has been found useful for the charaeti'ri.sition of f-ifi'-dklildrv 
diethyl suljjhide. We areiiulohted to IVofessor Ilajier for jiermisdni: 
to examine further the ri'actioii involved, which proves to In I'i 
very general apidicatio-n. 

During the formation (d the eoiuh'iisation [iroduet tlie hivalo;! 
sulphur atom of the organic- suljiliuii- heeonies (piadrivakti! 
and a novel element of constitution is [)ro(lueed ; it is suggc.MV'i 
that the nanu* “ .sidphilimine " sliould i)e given to tiu 
grouping i>S!XH. We havi' been a!il(^ (o ])repare snlpliiliiaii!'' 
from several alkyl sulphides as well as from 'iti'-dichlorodii'lliyi 
sulphide: we have not hemi able to pn'pare such eoinpouiids fu'ii' 
the tri-, tetra-, and hexa-ehlorodiethyl sn I ph ides recently (lesenkei 
{this voh, ]). 594). It thus appeal's that the more highly ciilorliuitei 
diethyl sulphides are too feehjy hasie to yield (juadri valent stdjiliisr 
compounds with the acidic toluencsiiljihonamido-group ; in tluve 
attempts onI\’ toluenesulphonamidc could be isolated. Triphoi'}''- 
arsine, however, eondcnscs with chloramine T, yielding a ciouMi* 
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(.ompound of the snbslnnco CyH jMoaS 02 *IS witli ^^-tolueno- 

v;iil|jhoiiaiuide; this reaction i.s in .some respects analogous to that 
hv Avhicli Standinger and Hauser ohtaiiunl triphenvlp}] 08 i)hiiu.'. 
Ijenzoyliinine, {C(;H5);^?!N'C'0<\;H - {Jii'fr. ('hui‘. Ada, 1021, 4, S(l]). 

Exp i: k i m }■: x t a l. 

M( Ih ^iJcthjlsii I pii i nr-]Uol u o d vjpli on i/I i tn inr , 
MeEtSiX-SOyr.RjMc. 

_()n sluildng methyl ethyl sidjilihie (3 grams) with n cold enncen- 
tratt'd acpieoiis solution of chloramine T (Ki grams), considcrahle 
evolution of heat oeeur.s and a white, ■ ervsialliue sdlitl s(‘])arates; 
idter nanaining for an hour, liltering, wasliiiig with cold water, atid 
(Irving, a product (0*3 gnnns) is obtained which ciTslallises from 
]iot henzene solution in lliu', wliitc' ne(‘dhss melting at 133'' (eorr.) 
(Found: C — 40-t ; X 5-9. f'lo’ i'e<iuires 

(' _ - 4S-n: H = 0-2 ; N — 5-7 per cent.). 

[lidJiiflwIphinc-p-folurhcsufphfjniiliininr, Et.>S!X*SO.,*EpH^51e. — 
Diethyl sulphide (5 grams) is shaken witli a cold dilute acpieous 
dilution of chloramine T (M grams) and the jiroduct (12-3 grams), 
(ihtained as ahoAT, dissolved in ehlorofonn : on evaporation, tlie 
chloroform solution deposits erystalliiie matei'ial which, after wash- 
ing with ether and rccTystallisatioii from h(‘it7en(‘, yields the con- 
densation product in small, white, ervstallir:e ]dat{‘s inelting at Idd'' 
(enrr.). (Jwing to the eonsi(UTah!(' Imal (w (!hiti<m. it is desirable t(^ 
work in dilute solution (Found : F - - oFti: H 0-5: X — 5-3. 

requires C 5(1-!) ; H (id); X - 5-4 per cent.). 

Both the al)ove eom|)onnds ai‘e vm'y sfduhh' in ehloroform, 
moderately soliihk' in (Mild aleohoh and almost iiisolidde in cold 
lieiizeue; they are j)ractica!ly iiisoluhh' in hot ether or light 
petroleum. 

y;^‘-J)icJdorOiIif ihfiIsidp]/iuc-])-ioha nc-^-uIphoupUtniiir', 
((‘H/1d'H,)2S:X-S()pF,dfjHe, 

- Xi'-l)i'-l)lorodiethyl .snl])]ude tl7-I gi'ams) is shaken with an 
arpicous solution of cliioramine "F (2S grams), w he)i the condensation 
product immediately hegiiis to crystallise': after an lioiir, the 
l)i‘oduct is filtered off, washed with water, dried, and waslu'd with 
light pedroleurn. On crystallisation from liot alcohol, tlie coloiirles.s 
iitaterial (33 grams) thus obtained yields the ])ure substaiiee (23’5 
grams) in tlie form of fine, Avhit(' neealles melting at 144*5' (eorr*.) 
(Found: (:^.r-4().2: H- 4*7: X - 4 *4. ( reepdres 

(' 49-2: H 4*0: X = 4*3 }K'r C(*nt.). 

I}ibenzj/J.sufp}i iiU'-p-tohunc-’iu / phonijJ i m i nr, 

(CfjH-d'H.^l^SiX’SO/t^HjMe. 

'-Dihenzyl snip’ die (4*3 ginms) is dissohed in acetone and Avell 
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sliaken witli a cold a([uoous solution of cliloramine T (G gram,-, 
tlie condensation is completed by heating on the ^^’ater-bath at ‘, 1 , 
for a few minutes, niicn a crystalline solid separates. After dilute,',, 
with water, eva)30i‘aling oif the acetone, and cooling, the erystallm, 
material i,<! tiltcrc'd, washed, diicd, and crystallised from hot benzep,., 
it separates in white needles (5'8 grams) melting at lOlb 
(iH)und : 0 -- ()5‘7 ; II = 5'5; X — 3*5. ^’equiiK 

C — 05-7 : H — o-."); X 3-0 ])er cent.). 

On hydrolysing the four substances described above by boilit,,, 
with water or dilute hydrochloric acid, p-toluenesulphonarnifk ^l i-, 
obtained : no crystalline iiroduct corresponding udth the sulphoxid- 
of the allyvl sulphide was isolated. 

Di(ihi/ldi-sulpl((ii<:-{i-i-^)-l)'fohic}iC8ulphouyiinnn(\ 

— An alcoliolic .solution of (li('thylene disulphide {2 grams) 
ehlorainine T (8-5 grams) is boiled iindcu- reflux for an lamr anj 
<’oolo(l, the white solid (lb 1 grams) which separates bciiiu' tint 
washed witlr water and dried. The product is insoluble in ordinan 
solvents, but dissolves in warm aniline and nitrobenzasK' ; it i, 
|uirilied !»y repeated ('xtraction with boiling chloroform aini 
recovered as a niiit(' powd(T on evaporating the chloroform snlutini. 
to a small bulk. The (‘ompound has no definite melting |>oiiit, W 
commeiK-es to darlnm at Kio ; decomposition is complete at :!un 
(Found ; (' 47-4; H - 4-5: X^ -- b-l. ivijiiiiv- 

(' - 47-1 ; H - 4-S : X ■ (TI p('r e(‘nt.). 

Douhh Coin pound of Trijilif'in/larsinf'-pdoluriiisulpfiouiiJiniitu ii-ltl 
]>' Tol non >' u / ]>h 0 n a m e/e , 

:I(\44jMe'S(vX:As((\,I[,)^.(',,lijMe*S(b-XH,. 

— Triplienylarsine (3 grams) and ehloT’amine T (G grains) arc lidti'''; 
uith nat(T (30() c.e.), tlicse ])ro]Jorii()ns Ix'ing lu'cessarv to dw 
cojnplete sedation, and, on cocjling. tlic ])urc‘ condeiisalioii pradurt 
(3’3 grams) separates in long, white nccdl(‘s; after washing wiib 
water and dtrving, the substance nudts at 17()-5'' (eorr.) ami siiIsh'- 
quent fracliop.al crv.'>tallisati(fn from boiling uah'r, or extracticii 
with boiling ae(4oiic. fails to alter tlu' melting point and composition. 
Although the ])rodiiel is evidently a jmre substance, analysis shoW' 
that it is not the expected triplienyiar.sylaniiMo-p-siilfiiionyltolaf-iio 
but indicates it to consist of two molecules of this compound ^vil!■l 
one of p-to1utMi(‘sulphonaniide (Found : (J — oS-O; H — 4*!): 

3-7; .S--S-5; As 13-4. requires til -i'' 

H — 4-7 ; N — 3-7 ; S — 8'(.); .As — 1 34 per cetit.). 4'lm analylkd 
figure.s quoted are the means of a iiumlier of eon.sistent ri^suit.-^, b>4 
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it is obvious that the carbon determination is nincii too hjw; no 
rxi)lanatioii of tliis is suggested. 

On boding the substance with dilute hydrochloric acid and cooling, 
y/.tolncnesnlphonamide separates and from the liltraie triplienyl- 
arsonium liydroxide, melting at Hob deposited on concentration ; 
the identity of this substance \^’as contii'ined bv preserving it for 
some time in a vaeinini f)ve7‘ phos|jhoric oxide, wlnni it became 
converted into triphenylarsonium oxide melting at ls7\ 

[t is noteworthy that no condensation product could bo obtained 
|»v the action of chloramine T on either diniethvlaniline or 
bthiotolene. 

Tin; CHEMfOAL LAaOKATOKV, 

UxTVERsm' or CAMBRinc^r. [Rx-i’tvnl, Ma*/ -ith, 1922 .] 


CWVUl.—Merciuij CompounrL'> of H f/droxphenz- 
akhhyda.^, 

Hv Thomas Anderson Henry and Tiio.m.vs Marvel Sharp. 

When a solution of one of the three ]iydi'oxyl)enzaldehydes is ImiJed 
with mercuric acetate, mereuiT compounds arc foianed in which 
cither one or tM‘o mercuric acfUate r'oidvies, 'Hg-OAc, hecoinc 
attached to carbon atoms in the idig. Tlu^ cartry of these residues 
appears to be facilitated by tlu' presence of the hydroxy] grnii]), 
since benzaldehyde on similar treatment n‘duc('s tlic mercuric salt, 
liic only erystalliii(' .snhdanec so tar isolat('d being nierenrous 
acetate. Kurlhci*, of th(' large number of orgajiie compounds of 
mercury hnoun none is derived fixun aromatic aldehydes exeejit 
that recently prejianal fi'om vanillin by ihuhini {t.V/.va/h/, 11)21, [ii], 
51, iSS). 

In tlie present pa])er, it is shown that with salieylaldehyde 
mereur'c acetate residues are intifxluced at jMisitions d and 5: with 
p-hydroxybenzaldehyde substitution ])resi]niabiy oeenrs at the same 
positions, ))ut furl her action takes place Ijcuween one of the 
•Hg'OAc residues and tli(‘ neighbouring hydroxyl grou]), Avith the 
loss of a molecule of acetic acid and tlie formation f)f the anliydro- 
suhstaiiee rejn'esented by formula 1 . 

CHOP V IR 
(’•> b J () 

lig'OAc 

This, on boiling with acetic acid, I'cgenerates tlie normaJ 3 : 5- 
diacetoxydimcf' ari - t - liydroxybenzaldcbyde. Witli m - hydroxy- 
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bcnzaidehyde, only one mercuric acetate I'csiduc is iiitrodiicod, 
its position has not yet been dctcrniiiK'd. 

There is evidence also of the formation of a monomereurati-r! 
derivative in the case of salicylaldeliyde, but it has not so hu' 
possible to obtain the siii)stance in a pnri' state. 

Merenry has bom e.stimated in these eom])ound.s usually p- 
destroying the organic matter with sii]})hurie acid and potiivsium 
pernianganule ami ('stimatijig the metal as siil])hide, hut in a p,, 
cases mercury, earhnn, aiid liydrogfui lia\'(‘ been detca mined sinm]. 
taneously hy Abclinann s metliod {Ber., 47, 20do) and ii, 

othem carbon has becji (‘stiniated hy Itoliinsons \V{‘1 eoiiil)U>.tji,]i 
nietluul (T., H)l(i, 109, :!):)). 

Organic mercury cninpoiUKls hav(‘ acapiii'cd a mov inlertM la 
recent years, ow ing to their ijicieasing us(' in medicine, since tli-y 
have tijc advantage over inorganic nuTcury coin])oun(Is nf in 
]>recipitatin2 pi'oteins, and of not lieiiig det-onpiosiMi to any ciiii. 
.dderalde extent liy tlie metal (d surgical insti'uuicnts. rnfortuniu-lv. 
the utility of most of tlumi is limited by their slight s(dul)iiitv in 
water, and this feature is shanal hy those now deserilHsl. ln-y 
vield sparingly solid lie sodiiini salts, the liaeli'i'icidat action of ivliK-i; 
is being ('xamined by Major Brown, M.B., ( .M,, of the Wellciiint- 
Bureairof Seientiiic Ib'search, who tinds that BaviUti.<t b 

killed in five niimites by solutions containing OMIU aiui trilil2 yo: 
cent, of tlie ortho- and tiieta-conpiounds rcs[jee(iv(‘ly, but only in 
twenty-live minutes by a solution eontaining Ddto.r inw eeui. of tiii' 
]>ara-comp(unid, 

Pnparation of iJo Mt/rnrp Conipoiirols. — To one inol'ceular 
portion of the bydroxybeii/.ahh’hyde in a coinamient quantity d 
50 per cent, alcohol is' added om' or two molcmdar pro])orti(m.> -I 
tnercuric acetate dissolved in. 50 ihm' ccud. alcoJiol containing I uir 
cent, of acetic acid. This mixture is l)oil('d under rellux until ui' 
mure crystalline matter separati'S, when tin' ilask i.s cooled ami il;!.' 
mercury compound tiltenal off, washed witli water, aleoliol, and 
ether in succession, and dried. Bi the ca.se of the meta-componnu. 
no separation occurs until the reaction liquid lias Ix’di concenfTaU'l. 
The compounds u.sually separate in a pui'c state, lint they can 
crystallised, if iK'cessary. from Imt acidic acid, or in the ca,s<> of llu 
meta-compound from idcohol eontaining 5 per emit, of acetic avid 

IBrivalirr^ of Srd in/khlrlii/dc. 

3 ; 1 his snhstanec, ohtaiuo 

as described, in a yield of 08'5 pc-r cent, of the theoretical, form-^ i 
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■olourlesj!, crystaliino po^vdor consisting of ininute, distortcni cubes 
and EK'its at (corr.) with decomposition. It is in.solu})le in 
ii^ost solvents, but dissolves in hot acetic acid and s])aringlv in 
, ..tid: 'Vitli sulphuric acid it gives an orang<^ coloration [Found : 
pL diVoi, 1-77: Hg - Od-0. 

requires (■ = 20-t)5; H ^ 1-dO: Hg G2'7a per cent.]. 

'fhe subsiance dissolves in sodium hydroxide solution, forming a 
iiciitnd yell(tw liquid from which earl)ou dioxide causes th(‘ separa- 
tion of a y<dlow precipitate of :l : :>-(lih}f(lroxij(lbn< rcurt^<i\h 

darkens on heating, but doo; imt melt \ip in :;o(’, 
|Pnind: Hg 72-00. (2H,5(\jHg, {.77:>-2) retjuires Hg - 72'2I 

per cent.]. 

Dilute hvdrochloric acid added to a solution of the sofliuin .-alt 
c.iuses preci|)itation of 2 :^>-<li<'lil(uyHfini(rrvri-'<(ifiri/JaM<!ni(h\ vdiich 
cl.u’keiis at 200'", sinters at 270\ but dcjcs Jiot jikHl up to dlO ' f Kouml : 
pir 07'7o per cent, f (o02’l) requirc's Hg - 07’71 

pot' (’('lit.]. 

On shaking the tinely jiowdered dljuadt^xy-dt i i vativ(- witii excess 
of a 1(1 ])cr (‘(‘lit. solution of iodine in ])o1as-iuni iodide, it is alnio.st 
iiiijiii’diately ixqilacrd liv a yellow precipiratc’, ivhieh on n’cryst.-dhsa- 
lionfroin nu'thyl alc'ohol nielts at l(l7'd (eorr.) | Found : . 22’0lj: 

H -^1’17; r ^ t)7-7t). (272-K) j-eqnii-es (V-22-tS: 

K = 1-07: ! -= 07 'OO ]K'r cent. j. 

Thi.s di'iodo-('oni]ioini(l i.-; idimticaii with 2 : d-di-io(|osaliey]ald(‘- 
iiyik' prepared by Siddel (■/. pa. (.'hoit., ISO'.), [ii[, 59, 114) liy tiu' 
action of iodine on salicylaldeliych' in iiresenee of mereurie oxid(’. 
A s])(‘ciiueu tlius prcqiared m(‘]t(‘d at Kd'd and showed no deprc’s- 
siotr 01 melting ])()int on admixture with the di-iodo-deriva1 ivo 
IJi’cpared frcuu diai'eloxyciimercnrisaiicylaldehydi*. Tlie piu'oyl- 
liydrazonc cry.stallise.s in ycdlow needles and melts at 172-0 — 172-d 
fcorr.). On oxidation with jicrmanganate in acadone, the di-iodo- 
salicylald( iiyde is coircertod into 2 : o-di-iodosalievlie acid. m. j). 22o 
(decomp ; eorr.) [Found : 1 - 0o-72. (28t)-S) rt(|uires 

! -- (id'] per cent,]. 

The mcrciirv eouiiiound formed fi'oni salieylaldehyde must there- 
fore he 3 ; r)-diaceto.\ydimerciin-2-hydroxyl)enzaldehyck‘. 

The iiiot}u‘r-]i(|unr, which contains no fn'C nK’i’curie ac(‘tatc. since 
it g<iv{' TKi preei|)itate wiiii solution of sodium hydro.xidc or ammuii- 
iuni .sulphide, :vas then poured into hrine. wlu’n a voluminous, wliite 
precipitate foriiK'd, •whi(’h, aft(‘r washing with water, alcoliol, and 
ether, and drying, (‘ontaiiied ()4 [)er cent, of mercury, and ajqjeaixal 
to })e a mixture of chloromereuri- and dichlorodim('rcuri-salicy]- 
:iklehvd(',s : it wars insoluble in the usual s('lvents, but on extraction 
'vitli hot acetal ^here remained undissolved a pale jiink, amorphous 
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powder, which ijroved to bo 3 : r)-dichlorodiiuercurii5aiicyla|(],>]j^.ftj 
(sop above) [Found : Hg ~ 07’47. C-H^OX'IoHg.j {592-1) 

Hg " 07 -74 per cent,]. The acetal solution on cooling deposiic,] .. 
pink solid which contained 58 per cent, of mercury in.steadhf .yj.j 
required for a nionocbloromercuri-coinpoinKl, and so far tlic 
has not been obtained in a pure state. Keduction of the ajuijur,^ 
mercuric acetate used in the initial reaction to one molecular 
portion merely reduced the ratio of ]uire diacetoxy-coinjjoLijut t,. 
mixed ehloro-compounds formed from 8 to 1 to 0‘8 to I. 

p - Jlyd wxybcjr.nJ d (dt //f/c . 

Tile p-bydroxybcnza]d(4iyde u.sed was prepared by tiic 
described in Briti.sli Patent 1(11679, depending on the eon(leni;atkii 
of phenol with formaldehyde; a 3 deld of 42'G })er cent, of tl:.- 
tbeoretical was obtained, 

4 : 5-.1 nhijdro- 3 - ac(-loxymercuri - 5 - Jujdroxyuiercuri - 4 - Jn/droxiiljri,-. 
aldehyde (Formula I).— This sul)stance results as already .stpihi 
(]v 1055) from tlio a]q)]ic:atic)n of the general method to p-hydu.xv. 
})enzaldchydc. 

It occurs as a. colourless, crystalline ]ioud(U’, wliicP. uiuk-r li;.- 
microscope is seen to b(‘ composed of mas, sc, s of minute* culus. i, 
imsohiblo in water and most organic solvemt.s, and has mi fldinl;,. 
melting point [Found; ('=18-79, 18’3i : H = P44, p-i;: 
Hg=-69'15. (.'pH/)JIg., (570'2) requires (=~ 18-()-l ; it . l-ii;:. 
Hg = 09'24 pcr\‘eat,], 

On .steam distillation, after decompo.sitioii by pho.s])]ioiic iuid. 
yields 9-01 per cent, of acetic acid j-equire.s ace-tic a!-:;: 

= 10'3() per cent.). Hot acetie^ acid dissolves tlii.s anliA-di'o-.'iil- 
stance, converting it into 3 : o-diacetoxydimcrcitri'-^-hydroA-filM irjiU- 
kyde, whicli separates a,s the solution cools in minute, colouilcv, 
glistening plates. This, like the anhydro-coitipoLind, elarkcn^ ri; 
heating hut lia,s no melting point up to .‘iOO" [Found : (* = 2'i'T4: 
lig (>3-()2. ('iiHjotXHg., (639'2) reipures 20-65: Ilg - 
62-70 per cent,]. 

The diacetoxy-compound di.s.solvos with dihiculty in stidiiir.: 
hydroxide solution, yielding a slightly turbid solution, wliidi (aiiil'l 
not be filtered clear. It i,s decomposed by carbon dioxide. yicMiii-' 
a dull grey precipitate of 3 ; o-dihydroxydiinenindAdiydro.rykir^^ 
aldehyde [Found: Hg = 73-07. C'-H(,OjHgs (5.15-2) requires Pg - 
72'24 per cent,], auci by liydrochloric acid, giving the coiTcspoiKli!)^ 
dichlorodimerci(ri-comi[)QUud [Pound : Hg = 67-07. (.'.M_,Oot.'bllgo 
(592*1) require.s Hg = 67*74 per cent,]. 

On shaking the finely-ground anhydro-eonqwimd witii excess d 
iodine dissolved i?i potas.sium iodide solution, a pale vx'lhnv .-^iihslaiKc 
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is obtained, which after crystallisation from alcohol foiaus colourless 
jy-edlcs jnclting at 206%r’ (dcconi]), ; corr.). :^h.re of this sul)stance 
c-aii be isolated by removing the (‘xeess of iocliiK' from tiu' m<jtlicr- 
hdiior and acidifying with hydrocliloiie acid (j'onnd : (’ - . 22-4 1 ; 
if =. I'Ol : I — 67-75. Calc, foi- C-HjOJ^; C 22'48: If -- l-i)7 ; 

1 UT-OO per cent.). 

This di-iodo-compound is idrntieal willi the 2, ; 5-di-iodo-l- 
hvdroxybenzaldehyde prepared l)y Paa! {Brr., lSU5, 28. 2412) and 
dlO■v^s no depres-sion of melting ]K)int on lulmixturt' witli a specimen 
made by PaaTs method, although this author gives a iowei- melting- 
point, l08--19fP, than that now foimd. On oxidati(ai with })ei'- 
inanitanatc in alkaline .solution the di-iodo-cojii pound, prepared bv 
cilher niethocl, is converted into 2 : o-cU-iodo-i-hydroxybeiizoie 
acid, whielp how'ever, melts at dOP' {dc'Coni]). ; eonc) iustixad of at 
as recorded by Paal (loc. at,). The authors find tltat by varvima 
the rate of heating the melting i)oint can b(‘ \ai'i(‘d from 248 to 

The mercury compound hrst formed from p-bydn)xy})en/.aldehvde 
must therefore have the tw'o mercury residue's in po>iti<‘ns 2 and r>, 
:uk1 since it yields only 1 molecule of acefie aeid on distillation ^vitli 
j)}iuspli{H'ie acid it must he 4 : .>anliy<lro-3-aeetoxym('rcuri-5- 
livdroxymercini-4-hydroxybenzaldehyd(' ffonnula I ). 

m - Hj/d i'ox)jh(- » : (7 Id eh jjd < . 

Accioxiimerc u r bi n -hyd mrgbe v tm I d o h ydr . 

CHyC(>0-Hg-(;.H3(()H)'(’H0. 

—This substance, obtained in almost (|uantitative yi(4d by tlie 
general methea! (]i. JOob), is mucli iuor^' solid)I<' tiiau tiu' niercu?‘v 
derivatives already described and can he obtained eiily by con- 
e(‘ntrating the reaction liquid. It ci'ystallises fiom acetic acidi in 
eolourlc.s.s needles, m. p. iS,V 186“ (eorr. : deenni]).). di.s.vol\-('s in 
sfilution of .sodium hydroxide, forming a yellow lipuid. and is eoloured 
yellow by sulphuric acid f Found : C -- 27'7(K 27-78: H —2-47, 
2-55: Hg — 52'89. C^HgO^Hg (o8i,)-(p reijuii’e'^ C — 28'28: 
H — 2-1 : ffg — 52-70 jxt cent,]. 

It is decompos('d by iodine in potassium iodi'.lc sfhition, yielding 
an vxlo-m-]}ydroxybi.iiZ(ildckyd(i [Pound : I -- 5L-77. Calc, foi- 
(2H-OJ (247'0} f — 51’ 19 per cent.]. wJiich crystallises in yeliow 
needles from dilute alcohol (15 per cent.). nielt.s at 159 — lOU , and 
has powerful sternutatory properties. 

On oxidation with permanganate in acetone it yields an lodo- 
^■hidroxybenzoic ucid, melting above 232’ to a cloudy litjuid: 
this is not identical with 6-iodo-3-!iydroxybeiizoic acid (Limjirieht, 
AnmUn, 1891 263, 234), the only monododo-dcrivative of 
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ffi-hydroxy benzoic acid so far knou’n, and its constitution is 
investigated. ’ 

Tlie authors desire to express their thanks to Mr. 1\ p. 
for assistance with the ajialytical work recorded in the paper. 

CU.MM riiK’MIC'iL L.\ SUH VI'UIM FS. 

i /ZmOv’,/, Mu>j Ki//,. 


rXXTX.— rZ/r Consiitnfiov of Pohjsacchirhh,^ 
Port IV, Inutin. 

Bv rf.vMKs CoLgrnoi'N Un ixiv, Kttie Stewart St) 51 ':i.i;. ai,,: ^ 
M.m^v Isobkl Shannon. 

In llie introduction to Pai't ! of this sta-ies {IrviiK* and Steele. T,. 
10:^0, 117, 1 171), we took ol)jeciioM to the fact that otlier norW 
are jioa endf'iivuiiring to enter tlu^ field of resiairch which lias tjh;,; 
developed in this lahoraloiy (luring the past t^v('llty years. It i, 
nnfortiinatelv tuan-ssarv to I'ufer again to this nuith'r in jiier, 
direct terms. 

.Vs is well kniVA'ii. the majority of the investigations eoitilrdnl 
here siiiet* 1901 lia\(‘ had as tiuhr main ohjt'ct the solving, h\ eii.- 
])arficnlnr nnOliod, of tli(‘ eoiistitutional imohhans of thi' earl.iv 
iivdrati's. This jirogrannne of woiT has Ix'cn ch'arly (h'lined i.i. 
several occasions, ami t!ie experimental methoiis enij)!oy('(l kv-.v 
also been fully deseihlaal. it is lux'diess again to ehilioratc th 
prineiples iinolved in our sirnetural studies, beyond stating Ik 
it is generally possible to n^placa' the free hydroxyl groujjsiiiii 
carhohvdrate by s(abl(‘ methoxyl groups, and that siibseinieur 
hydrolysis yi('lds a nndhylated sugar or sugars. The ichnititicatioi; 
of the scission ])roducts and of tli(‘ ])osition in them oeeupk’d k 
the alkyl groups siipjilies diiA'ct (O'idetiee as to the eonstitutinn ni 
the ])arent eomplex. 

For tin.' sueec'ss of such a selieme the main essentials arc : (1) Tk- 
development of miUliods for' nu'thylatin.g earboliydrates witlKnii 
producing radical alterations in stnrctiiR': {' 2 ) the [irciJaralitm d 
a series of definiti' met}iy!at('d sugars likely to he eneouiitercd ic 
thv hydi'oh'lie pi'odnels obtairu'd from alkylated glueosidcs, di- 
saccharides', and polysaccharides: (I?) the (hderminaliou nf ik 
oonstituti(nv of rhese .sugars, includhig tin' position oeeii])icd K 
the methyl grou]>s and the nature of tlu' oxyg(ui rijig pre.sciit. 

These necMrssaiT factors have been supplical in tin' cuiirsc 
the systematic iin'cst igations carric'd out in the St. Aiidnaw 
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(al);>i’atnrios. It will be rcoogn:f>c‘(l that the most fundamental 
(and incidentally the most difficult) aspect of siieli work is the 
BtiidV methylated hexoses and pentoses, wliieli, as reference 

compounds, play a necessary pai't in tlie general selienun With 
practice an<l patience, the conversion of a di- or poly-saceharide 
into a methylated derivative becomes a eom})aratively sim])le 
Diatter; the hydrolysis of the methylated compound,'; and the 
isolation of the sugars then formed are likewise sim])le ])n)ees.ses if 
the products are already known and their [)rr)perties have Ix'on 
described. But the interfiretatioii of the results and tlie permanent 
value of such investigations depend on the constitution of tlie simple 
niothvlated sugars ultimately isolated. Recognising tliis fact, the 
work of this laboratory was directed for many yt'ars to tlie .study 
oftvpical methylated aldo.ses and ketoses as a luaas.sary pi’chniinarv 
to the extension of our I'esearches to the more attractive eon- 
Etitutional problems ])rcsented l)y the eoin])K'X earholiydrates. So 
far. nineteen detinite methylated moiiosaeeitarhies luive been 
prepared and described for this ])urpose, and it nec^d scarcely he 
reuiarked that it was far from our intention to prox idn this inf<;rma- 
tion in order that others might forestall our [)rogramme by tin* use 
of our methods and result.s. So long us we ilo not al).andon this 
line of work it will be generally agn^t'd that, in tlu' intere.<ts (if the. 
subject, its deveiojimcnt .sliould remaijT in tlie lahoratoTv where it 
was initiated. 

Praeticallv without exeeption, elteniists havi* duly res])(‘('t(al this 
re.n’rvatiun, Imt tln^ s(Ti('s of ])apers dealing with onr (o}jies v.jiieli 
has been ])uhlished liy Karrei’ and his pupils makes it r.eeesse.ry for 
us to give expi-es.sion to our dissent and to vvylvw the sitnation 
bricHy. Reference is now mack' to a si'lcetion of our j‘apers, 
which, it may be rcmarkcHl. liaM* aiipi'anai in stc'ady succession 
even (luring tlie years wheit we were ('iigaged on national siaviee. 

The tirst aecouiit of nudhvlation in th(‘ sugar grouj) (aiiart from 
the proluction (if methylglucosides) was given by Ihirdie and 
li'viiK' to the Britisli Association in i!)n2 and. in a subseipK'iit paper 
(T., lOdo, 83, lO'Jti), llu’si' authors described tlu“ erystallinc variidy 
of tetramethyl glucose, incidentally eoiiiirming the butylene oxide 
structure of tin' a- and li-methylglueosides. 'riiey also appli<'d the 
iiiethylation process to smu'ose, and thus (.'stahlislu'd the con- 
stitution of this disaeeliaride so far as the glucose half of the moh'eitlc 
is conccTiied. In ilu' closing paragraph of the ])aper. tlu' authors 
i'es(‘rv(‘d the extension of thf'ir work " to other members of tlie 
sugar gi'oup and to natural glueitsidi's." Similarly, Irvine and 
i'anieron (T., R)04, 85. lOSi), in desei'ihing the mi'lliyiation of 
galactu.se, expo -a! the intention of applying tlteir iTsnlts to the 



1002 IRVJNE, STEELE, AND SHANNON : THE CONSTITUTION 

case of lactose, and Puedie and Iindne (T,, 1900, 87, 
proving the glucosidic structure of both sucrose and maltose tv 
means'^of the'metliylation method, stated that they intended 
pursue the subject/’ 

In the following year, a full description of how the structure d 
a glueoside or glucosidic sugar can be determined by methylatbii 
anil hydrolysis was contributed by Trvine and Rose (T., I'lotysg 
814), who selected salicin as a typical natural glucoside and .solved 
the constitution of this conipoinid, AVorking on similar 11^,^ 
Irvine and Gilmour (T, 1908, 92, 1420) showed that the saae 
principles can bo applied to identify true glucosides, and a genera! 
review of the position U'hieh had then been reached uas publifilui; 
by one of us (Irvine, “ Uber die Verwendung alkylierter Zucliet 
zur Bestimmiing der Konstitution von Uisacchariden iiiid Glu. 
eosiden, ’ Bwchf iu. Z.. 1909, 22, 357), 

The extension of the work of the laboratory to carbohydrate 
other than jilucosides and disaccharidcs uas comiuenced in l;Ji(>, 
and, thereafter, the nudhylation of cellulose A^as dc??C]ibod ly 
Denham and Woodhouse (T,, 1913, 103 , 1735). Tp to tills 
the silver oxide method of alkylation had been uniformly eniplnmj 
for our }mrposes, Imt the above authors shou'cd that, wlierc tlr 
solubility of the carbohydrate under examination ])roh]bits the tis 
of methyl iodide, normal metliylation can be cff(ct('d by nieaii^c. 
U'.ethyl ' sulphat(' ami alkali. Goii.^idering the , 'success vhk-i 
attended Denham's work, he naturally did nut content hiniscf' 
restrict its application to the .solitary example of eelbihw' er v. 
the me(dtai\ieal pre]>aration of nulbylated eclluloses. Re acecni- 
iiigly stated his " intention to continue tlic investigation of ib 
progressive methylatioii of eeiluluse and to study the cleani^ 
products obtainable from methylated eelliilo.ses." He enntuui(‘(b 
“ Experiments conducted on lines similar to those desenbed ah.iv 
leave also been carried out liy tlie. autliuns on staivli, the 
showing tliat tile starch moleeule similarly undergoes iot: 
nietlnlalion. 

The melhvlation of jioly.accliaricles for thr ]mrj.oses of slriu uinu 
iiivcsligations wa^ thus dotijutely reserved for this laboratoryj> 
a natural extension of its programme, and tlie point was ei?ai]i 
emphasised at a later stage (Denham and bYoodhoirax ! - bhi 
105 , 2392) when crvstalhnc trimethyl glucose was hrst isolated iu’U 
trinwthyl cellulose' It is also signilicant that, as a necessary sif] 
in the rational study of polysaceharides according to our met 
Irvine and Houg at this stag(' examined monomothyl glucose .i| 
the stated reason tluit "incompletely methylated 
likely to l)c encountered among the hydroI\.-o‘s ])rodncts of alk\-‘ 
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Ipolpaoeharidcs '' (T., 1914, 105, 1380). The object of this 
llat)ono!if5 work was thus clearly rleliued. 

I Willi regard to th(; constitution of disaceharides, the situation 

t'ijiudly cl(‘ar, as it has already been slicnvii that our investigations 
iv.eiv licgini ai^d our nietliods described so far l>aek as 1903. ^ 
ijiotewortliy sinipliheation of the I'xpcriniental fu-oocdurc was 
giifjsccpicjitly do\ eloped by Ha\vorth, wlio, working in tliis 
laiioratory, applied the methyl sulphate rnetluid of alkylation to 
fiuTOse (T., 1015, 107, S). Of greater ]jraotical importance was 
liis diseov('ry that reducing sugar.s generally, including both mono- 
saccharides and disaccharidcs, when dissolved in alkali and treated 
with methyl sulphate, are cunveuted in the first; instance into llie 
corrc-siiondiug me.thyl-glucosides. wliich afterwards undei'iJo 
further niethylaticm in the sugar chain. As the okh'r metliods for 
the ])reparation of glucosicles from disaccharidcs arc extremelv 
tedious, this simpliheation jiroved of great service and facilitated 
the constitutional study of lactose, maltose, and cellobiose (Haworth 
and Lciteln T., 19lS,'ll3, 188; 1919, 115, 809; Haworth and 
Hirst, T., 19:11, 119, 193). in cacti of tlie (“ascs mentioned, eompleto 
iiicUiylation of the sugar was etfected liy using the methyl suljihate 
reaction, either aJtme or in conjunction with ttic silver oxide 
reaction. Htxlrolysis then yielded tlie corresponding methylated 
Ik-xosc.-^, all of which had lim.‘u iweviously ]n’(>paL’ed and exaiuined 
bore, so that definite eonslitutions could at oner lie a.ssigned to 
;i)c parent disaccharidcs. 

'Hie account given above sliows ttiat our scheme has throughout 
jccn sy.stematieally pursued, and attention may now Ixi dinmied 
;o the nature of Karrm-'s recent jmlilications. Two years ago, 
xaiTor published a short note {Hck. Chim. Ada, 1920, 3, 620) 
loscrihing some preliminary expenments cm the methylation of 
■tarch carried out ostensibly with the object of obtaining deriv- 
il!ve> whieii w<m!d display true solubilities and thus jierniit of 
iimci-ular wcuglit deliu'niiuatioas. Xo serious objection need be 
akcii to this to])ie, but, liy a swee[)ing generalisaljon, tlie author 
c.xTved the*, .study of methylated starches in various directions, 
fills eompreiiensivi' re.servation would, of course, include the 
i.ulrolysis of methylated starche.s, and was made without any 
CiCience to our prior claims on this held oj' to Deiiiiain's work on 
lie alkylation of starch, It is liighly signilicaiit tliat no experi- 
iicutal or amilylieai details are given in Karrer's paper, which was 
b\cini:dy de.sign('d to .secure priority, 

III later publications, however (Karrer and Xagcli, //r/r. ('him. 
Aa, 1921 ^ 4 (j-gp further experiments on the methylation of 
latch are dcscnl''d. TTeso pafiers disclose the fact that Karrer 
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is ajipareiitly unaware that the inethylation of nnn.ix.(!,j,^ , 
saccharides witliout rupture of ^hicosidio iinka^^es was first 
plished by one of us, but a more serious point is his atteni|)t t. 
oiaifu novelty for the use of methyl sulphate and cuncentram! 
alkali as a methylating mixture applicable to carbohydrates, 
slateinent is actually made that such reactions had liitbcrto lict.]) 
conducted only in weakly alkaline solution. Now, Denjiam aiui 
Woodliousc had for several yc^ars used 15—18 per cent, aigifo;;, 
sodium hydroxide in the methylation of cellulose and had a].ipli,„| 
the same reagents to stareli. Further, in the methylation <({ 
disaccharide.s by means of methyl sulphate, Haworth and }\i< 
CO- workers emjdoyed solutions of sodium hydroxide the strcnj/tl: 
of which was approximately oO per cent. The expression " 
alkaline " is vague, but can scarcely lie applied to solutions of tlx- 
cojieentration i] noted aliove, particularly as the alkaline eonci'n. 
tration used by Karriu’ and (nn]}hasis('d l)y him as an innovaiitii: 
was of the ordc'r :20 ptT cent. Fiuall}’, in completing bis nictlivl. 
ations, Karrer again follows our exauijjlo and (unjiloys the sjlvff 
o.vide rtvudion. 

In a .'similar fa.diion, by (lie use of nietiiods exactly jiiii'aUd ih 
identical with our own, Karrer proceeded to the methylallun i.j 
inulin, tiie paper deseriliiug his result.s (Karrer and J.ang, Jhk 
Chun. Ada, 1921, 4, 249) a])[)eai‘itig after our lirst publieaiioii (ui 
this subji'ct. fndireetly, lie also apju'opriated our eonstifulioiiiii 
methods for the study of cellulose (Karnu' and W idiner. UC. 
Chun. Ada, 1921, 4, 174). He did not rejaait tlie uu'tliylatien i.; 
eelluio.se, but after the very obvious statement that the cniistidi- 
lion of this poly.saeeliaride must be iiased on that <4 eclKliinsi', 
lie continues : we experimented by the methylation and hydrolvs.- 
of nietiiyl-cellobioside, to oldain a view of its eonsLitidion. 

In this way he seeiires entry into aiiotlier section of our !idu. 
pre.suuial)ly tinding j'ustifieation in the imjilied originalit} of lis 
methylation process. Hei'c again the unwarranted claim i.s made dm! 
tlie method adopted for the dii'ect conversion of eellobiose into in 
glucoside is new, in that " hitherto the methylation of disaeeluinil'" 
lias alwaN's been carried out in weak alkali. The stati'iuciit e 
totally inaeeiirate. The direct formation of a glueosidc iroin n 
reducing .sugar, a.s developied by liawortli, involves, a.s alrcau} 
stated, the ii.se of highly eoneentrated alkali, and Karrer 
adopted the same process without any essential modification, d" 
paper under diseu-ssion is admittediy ineomjilete, but was follmwil 
by a .second fiublicat ion (Karrer and Widmer, Udc. t hvn\. .hbj 
1921, 4, 295), in which tlie cunstilntion of eellobiose is determi"t'^l 
from the .structure of the methylated glucoses formed when hcjita- 
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I „u>thyl methylcellobioside is hydrolysed. To achieve this result 
■ ('vhich had already been published by Haworth and Hirst), Karrer 
aiiairi made use in succession of the niothyl sulphate and silver 
oxide reactions, as descril)ed from this laboratory. Having identi- 
ilod tlu' methylated glucoses, Karrer then proceeds to utilise tlie 
oonstiUitioiis for these compounds as established in this laboratory 
and. iu the end, docs no more than confirm the- constitution of 
tH-llobiosc previously deduced from pr('cisely the same (‘vidimee 
(sec also Irvine and Soutar, T., 1020, 117, 1490). it is needless 
to refer to otlier points which emerge in theses l)a})ers, and a due 
appreciation of Karrer s attitude may safely be left to the judgment 
(if chemists. It is unlikely that our reservations have beeji deliber- 
ately ignored by him, and perliaps the only conclusio]i to form is 
that the earlier papers from this lal>oratory have heen ov(‘rlooked.^=* 

The present comiminicalion deals with iimlin, which has already 
been shown by us (Jindue and Steele, loc. cit.) to consist of an aggn*- 
gaTc of y-fructosc re.sidues, each k(dose molecule Inning lost two 
hydroxyl groups in the formation of tlie i)o]ysaeeharide. Tliis 
conclusion is based on the fact that inulin gi\ es a trimedhyl deriv- 
ative which on liydrolysis yields a r/oWro-rotatory form of Irimethy] 
friiotoso. This .sugar, in turn, is convertible into tetrametbvl 

* III tlii^i ('MniiCNiori, tiio tcHowinir niiOilioiial (-viili'nii* inst I'lict i\c. 
IViiTCT and Wr-idmann rhrm. Art'i, 2. i)n|,ly tluit lidle 

o known of A'-ylnco.side.s and dosoiibc llicir auninjtts to lunpan,' .V-<ilucosido- 
anthvaiiilic aoiit liy au (da’noratn inotliod. Altliough a " inodcrati-Iv pun’'' 
aninionium .salt was olitaiiicd. they wnv imalilo to''i.<o!am tlu> coiT.’.poiitliiig 
acid and came to flio cntiflnsiou lliiu tin* coinponiul iiiust la* (•NTrctncly 
I'.iisrahln and in<-a|>ablc of iurlonendian cxisunn-o. d'lu- n>a! posiiioii (if 
abaiis is that ihi^ iuUnvstinfr .V-yiiu-o^ido and several otlaT^ of tlie same 
tyjic laid been ])iT‘]nnv.l and fully th's, l il.od Oai yi'ar- hi’Uae Kanva-V uu- 
slli-('('ssfiil ntteriipt.< were recorded (si'c lr\-in(’ and (dihni nr. 'i'.. lliOf). 95, l.’i.Vf). 
Ill Jilace of being diriicult. tlie euiidensal ion of gli,,.,..-,. ^vii.b anthraiiilie acid 
l-ro(re<[s .saiootlily at the ordinary tenipciat ure, and we afterwards atiplk.al 
tlie reaetinn to liie ineiiaratiou of similar mcariioxyanllides from galae’ese. 
dwiiiiKise. mannose, and rnalm.^e (Irvine and. liynd'. T.. IliM. 99, itil). 

Attention may also be diremed to atmtlmr eijually >i:.mi1iem>i oinlssion. 
wnei (//(/r. ( hifii. .!r/o. lliitl, 4, [.'Ju) o\piaius the dmd .''('ai-tion of l!u* 
nm salts of ortbo-li.wlroxy-aeids Imi'anls aeetobromonhiroso as due to lla* 

''^1 ’.er atom bemg eunpb'd siimdonieonsly to earb.oxyi nnii bydi'oNyi. Xo 
'■ouht tins is fonr(d, but Karrer ehums tliai we have betv tl'm lirst eNm t 
t .idi-iire le-r dll’ doubly-linked eoiidilion of ibe metal in IIk’ imerior of cem- 
lyviialts. d'lie .statement is imn eiirate, So lai' ba.ek as ls;‘S. ibn die .dmwed 
tii.n tile action of alkyl liaioids ou tin' silver salts of bvdi'ow-aeids •mv<’ 

! I die hydroxy.ester. (2) dm alkyloxy-aeid. and (d) the aikyloxy-ister 
Landm-, T., ISOS. 73. 2S: and snl -seipumt paju-rs). it Wiis. in 

■ die e.-vploitalioii of tliis general reaction wliieli led ultimalely to the 
of the silv. oxide }irne<os of metliylal ion now used b\ Karrer. 
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y-fructose, so that the fructose residue in iiiulin is icleiitica! 
that present in sucrose. Shortly after the appearaii(>e of 
paper, Karrer and Lang {Helv. Chim. Acta, 1921, 4, 249 ) c,] .' 
described the? methylatioii of inidin, whicli they likewise 
by using the methyl sulphate and the silver oxide reactions 
snccessinti. No mention was made by these authors of the 
lytic products obtainable from trimethyl inulin, and there are (jbviivi 
reasons for this iin])ortant oniission. Be^amd the det(Tn]iiic{y 
of molecular weights, the only {)osi(ive eonlri[)iUion iti KiU'viV 
pa})er is that inulin when sul)jected to (Uir processes gives a triini-tiy 
derivativ(', a residt which we had already shown to be the cr.sc 

Dojspite the al)senee of any additional o^'idene(‘ M'garflinir tU 
striietiire of iiiiiliii, Ivarrer'.s paper contains a numbri- of dirwi .n- 
implied eritioisms of our work on this .siihject. Thes(‘ will h- 
with in due conrs(\ hut as 1 k‘ focuses on two points they inner,.,- 
b(^ discus.^O(l in detail. We claimed that the nu'tlivlation of incy. 
when conducted willi methyl sulphate and alkali, show.s a icntlt'],,- 
to he arrested at the stage where a definite dimethyl inulin is [b 
essential product. This .statement, wliieh has l)(‘en eonliniwit iv,;, 
originally made on the evidence snpjilicd hy three separate {■xjn'’. 
ments in each of which 32 grams of tlie disaeeliaride were (‘inplov-; 
It is impossible to say how often Karrer ?’e[)('a((‘(i tin* reaction, t;, 
tl'ic yields (;[Uoted by him suggest a single pj'oparat ion invnliv 
initially only 10 grams <jf innbn and giving h'ss limn half tliis vivj.i; 
of a ” methylo-inulin " (OMe --- p<‘r cent,). We were itatiir.:;- 
aware of the fact that, rlnring tln‘ first stages of iilkylation. iin;': 
gives a mixture of products, including some Ij-iiiK'tliyl iiiTi:. 
lusp(X''lion of on]' <'xperinienla] dolails sIioas, Itoui'vec, flinl uc 
fully Juethviat(‘d com[)onnds were I'emove.i in the eouise of isnl;!!;:.: 
dinielliyl inulin. and als{> tiiat. unlike Kai rcr. eonflrmc:! liy ima:' 
of combustion analyses the Zeiscl d(‘tcrmin,''.tions made on hie. 
eonij.)i;innds. 

To .substantiate onr former results, we have re])eated the 
atioM of iuuiin, in ifuantities of 32 grams, on six s- parale (icc;i-i n 
and have again cstablislied tliat, under the c.mi lit ions (iescni.i'.;. 
dimethyl inulin is the e.ssential and the only delljiite proiliii'; 
each case. The o[)ticaI rotation ascribed to the compound irvo];' 
been ei.miirmed, the valm' in chloroform ranging frmn -■1-' 
lo — dl'Sg our former iigiii'e being 42'l . Tliis coir-naKy 
compohtion and phy.sieal properties is eonsislimt; with the iilca nc: 
a definite comiyoumi exists, and tlie point is not iiiiiinpertiin:. 

On the other hand, Karj'cr's " melliylo-innlin *’ is a nii^t.t:..'. 
but at all events it possessed the merit of (‘ontaining less en.'rea!- 
impnritv than our earliest preparations of dimetbyf imdin. (’■■i' 
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.qclering the ultimate object of our work, and tliat the interest 
attached to a methylated iiiuUn lies in the study of the volatile 
hydrolysi.'^ products to whieli it gives rise, this is a matter ai littl** 
importance. One of the chief advantages of our constitutiona] 
metliods is that in case.s where rnethylati'd ear Ijohyd rates cannot 
ho cr^^stallised and arc not sulfieieiitly volatile to be dUilh'd. 
impurities are removed after hydrolysis. ]die sng.ir.s tlion ff)j-nu'd 
-ire readily distilled and all mineral matter is tluis olimiiiated. It 
is significant that Karrer was enabled to free his material from 
mineral salts hy solution in ether. {.)ur normal [u’cparations oi 
dimethyl inulin are practically insoluble in ether, as one would 
oxpect, although they dissolve in an etheival solution of Irimethvl 
iiiulin. Tliis distinction hetw('en our preparations and Karrei^s 
specimen at once siiggf'sts tliat, in the latter eas(p depolyuierisation 
liad oecurred during methvdation, thus iiicivasing the solulul({^■ in 
organic snlvent.s. Our exj)erietiee has shown that alkylation of 
the jiolysaccliaride is ae{‘(.)mi)anied l)y eiu'ious and iiT(‘gular flue. 
tiintions in soluiiility, wJiieh may lie attriluitial to de])olviuerisation 
and polymerisation. The solubility of the proiluct ajijiears to lie 
inrimmeed by at least two factors, llie extent of the suhstitution 
and the degree of moleeiilar association. One striking example 
may he pnoted. After .subjecting iiuiiln to two treatments with 
inethv'l sulphate, part of the product is readily soluble in boiling 
■thcr. The inetlio.xyi content of the soluble [jortion is of tbe ordiu 
lib ram cent., a value which is intermediate iK'tween that re(|Uin-i 
For two and three alkyl groujis fo?’ (meh ( ',. unit. On eompleting 
die uietliylatioii 1 ) 3 - the .^ilvei' oxide reaction, a process wliieli iti a 
iionomolecular compound woidd furtlu'r iuennaso the soluhiiitv in 
■thcr, two distinct .series of ])i‘ 0 (liK'ts were olitained, one freelv 
Siiuble and the oilier insoluble in this solvi-nt. liotli .mts of eom- 
lounds were neverthele.ss identical in eouipositiou and may he 
iesenhedas trimotliyl iniiiiin as each gave the same .sugar (irimetliyl 
,'•fru(‘to^e) on li 3 ’drolysis. 

Having established the ai'ciiraev id our ohseiwatioiis cu) dimethyl 
milin, we again directed our attentiuii to the preparation of tri- 
iietlpvl inuliii. On tlie previous occasions this was elteeted. as a 
laitter of convenience, 1 )\' Purdie'.s reaction, wliieli was conducted 
u the usual manner for cigdit Iwuirs, Kari'er adopted the same 
nettiod, but introduced tlie extraordiiiarv variation of continuiiig 
he read ion at tlm boiling point for a week. It is diilieult to rind 
013 justification for this procedure, as il has Jong been known tliat 
he normal treatment of (hglit- lionrs is suriieieiit to (‘oiivert about 
'6 p('r cent, of the .silver oxide into iodide (Piirdie and Bridgett. 
1-- 190J, 83, H-.Vy). The trimethyl inulin we originally obtained 
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was a viscous syrup whicli differed from Karrer's product in | ,■ 
dextrorotatory. Although pronounced alterations in rotator” 
power are not infrequently oncountered in progressive methvjatV ^ 
wo reinarhed at the time on this change of sign in conveqjj,.’ 
ditnethyl inuliu into trimethyl inulin. ’• 

Tt has now bocm shown that the physical properties of triinet]^..' 
inulin vary in marked degree according to the experimental pr' 
cedure adopted iji preparing the compound. Good reasons exi-i 
for ascribing this result to progressive dej^olymerlsation occasiouoi 
b}" several factor.s, which will be described in a subsequent paij^- 
Taking into account the ■elementary nature of the piuificatici 
po.s,sibIe u itli such compounds, we did not consider it advisable ([, 
test this view by molecular weight determinations, but a review 
of the proporfie.s of different pre[)arations of trinndhyl inulin leaver 
no doubt that llie snbstanc!> is readily depolymeiised, TIks^. 
preparations vaih'd from an amoiplious solid, .soluble in alrob,' 
but iasolublo in etlier, to an extremel}’ fuscous sokdob' syru]) whicji 
after drying at lOO^ TO mm., and si.it)se(]U(mt cooling, mav L 
described as a flexible glass. Other pu'eparations displayed proper- 
ties intermediate witli tlu^ above, the average S])ecim(m l)eini!: sdi-: 
and i'cadily -soluble in ether. Tiiis gradation in solubility is accfiii]. 
panied by alteration-s in o])ti(^al acti\'ity, tin* S 3 n'upy variety. 
already described, h(‘ing dextro-, and 1li(‘ solid amorp]u)Us nun], 
kevo-rutatorv. Iri'c-sj^eetive of soliibility or rotation, all ilii- 
speeiniens summarised above ]K).ss(‘.ss('d the eonqjosition of a fi;!]v 
metliyLated inulin and gave on lgvdrni\'sis [die same form of Iritneliiv 
y-friictose. Tn con.se(jUeiK-'e. 'we lune now slmwn that the licni- 
rofatotw varieties of ti'iniethyl inulin undergo a change of h;ii) 
during hydrolysis, whereas tlu' dextronitatoin^ isouK'i'ides do ive 
Tn the meantime, it i.s ])r[‘mature to state dehnitely what omi- 
hinatiou of factors is j'(‘s|K)nsi!)Ie for altering tlie eonditiun iif 
molecular magnitudi' in th.e inulin series. Of .s(‘ven ])rei;:ir<ui<iin 
of trimethyl inulin. iuo vcih' dextrto and live* weix* lanaj-rotati'n. 
'i'lie jatt(i'. varieties wi re uMatl'ceted in rotation by fusion, by huihn;; 
in chloroform solution with eliais'oal. oi’ hv heating with aleuh"! 
or at'clone. 'khe-se prsKvs.ses ar<' ineidentally involved it} isoJaUiir 
the ]>ro(luels winm the hual nudhylation of iuuiin is »dlecte!i '>y 
the silv('r oxide reaction, yet JU'vertlu'hss the (hrxtro- forms we:v 
odjtaineri when this rtmelion '(vas fre(|'ieiitly repeated. As a fiiiLiiT 
complicaiioti. whicdi indieat(‘s sullieumtly the diftieulties iitvelvvl. 
reference^ tuay bc' tuade to tlie aceoiuit of ditnethyl inulin, wlieivr 
i.s shown that tlie silver oxide reaction a])[u‘ar.s to promote Irus 
polymerisation ai)d (lepolymerisaticm, 

It is thus imno.'^.'ible to ascribe rigid projtcrtie.s to trimethyl iniiait. 
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•I, Hi the description given by Kurivr tliat tln^ compound is an 
aiMorphoiis solid melting cat 102—107'^ and showing \x]j, - . 4:t=' iti 
chloroform solution applies to wluit is ap[KU'('iitfy a liighly [)olv- 
jiH'rised form of tlie conijiound, although liLs statomenl/tliat d 
^resembles the simple methylated sugars can only refer to metliylated 
jjiiifars unknown to as. 

The e.xtent of polymerisation and the niagniliide of (he ojdieal 
activity of a fully nietl)ylated iniilin do imt, in tin* s]ight(‘st degree, 
iilTect thi^ validity of the vienvs we fonnerly exjm'ssed regarding 
tlic structure of the polysaeeharide. W’e tind lliat all forms of trh 
iHclhyl inuMn, irre.spective of their sf)iuj)i]ity or rotation, undergo 
liy<lroh’sis to give tlu' same d('.\tio-tri methyl ydruetose. Of 
greater significance is tlie further oliservatiou that dimethvl inuiiji, 
which so far has always been isolated as a luwofotatory comj)ound. 
shows a change of sign on Iiydrul3sis, owing to camversion into a 
ihxfrowtaiorij <Umdh/l y-fnicto.^c. .As wiil be seen froni tlu' 
oiJllinc of our results shown b(‘hw\, this is valmdtle confirmatory 
evidence as to the forin of fi-uutose of winch inniiii is a denavative. 
The seheme also emphasises that wJicn inulin is coinc-i'led into the 
(■rciinary variety of the ketose thc' change is not direct, but involves 
the ])relinii]iaiy format ioji ot 'v-fruelose, whicli tlum undergoes 
structural rearrangennent. 


I.VPLIX ^ [7 t'i'Uc'tos(.> 'd ■ ^ 

th‘‘vo} 



Dimethyl iiiuliii Tihiie'hvl limtia Aiimiue of nwlliylnnetosidey 

(k-vo or dextro) (dextru) di voj 


Dirnctliyl 7 -fi'uctose d'riim tlivl y-t'riic-To 
(dextro) (devtro) 


D tminethyl 7onctliylfnu iosi( 
(doxtro) 


TKI'K \.'\ik:THVL 7-t'i:L ('TOSI-: TK I’DAMtrrHYL 

(doxtro) FKl'CTOSE 

(l.rvo} 


7 -iriii<n.ist' has uuvor Ihv'u isolaO'd in 1 I 10 unsuh^' itutod stal-.'. hut 
I'Kiporlics may ho (U’d'.iood troia tlniso ol its derivatives. Tho al)0\'6 
I'M nc postulates tho exisieiior ol a dexiroi'otarot'v iiiei hvlfruetusido whieli 


already been ol)(ained in this hihoraloiy by Dr, K, C. 
'^-ults on tlie mcthylation of fruetoso omhodiod in the st'lu'i 


lenzH'S. (')thor 
' mav ht' found 


in Durdleand Paul (T.. 10(17. 91. 2S0). Stoole (T,, lOlS. 113. ik"), and Irvine 
and hobertson (T. lOU;. IQS. bkk'.j. 
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III of the results now submitted and those alreadv coi, 
tributod, there' is no need again to refer to our foi’nier geiicraij^^^ 
tions on tlie structure of iimlin l)eyond staling that apparonfi^.^^^. 
arguments used by us have' not been fully understood by our 
Tlic subject is admittedly ditlicult, but wo showed conclusivelviiiu^ 
y-fructuse is the basis of ijuilin. Karrer, on the other hand, wit^/ 
producing any e\-i(lencc for or against this vicu', maijitaius tW 
whilst the polysaccliaride is (U'rived from an anhydro-sugar. it j, 
impossible to say detinitoly ^\'hich sugar it is. Tlie caution tb;; 
displayed does not extend to his suggested distinction Ijettnf;-, 
starch and iniilin, a jiroblem which will bo dealt Avith in a futtr 
pa])cr from this la bora tor}'. MeanA\’hilc, hoAvever, wc inii.st nfrt 
briefly to his implication that, in our first communication, havii;^ 
prujKiscd a structure for iniilin, avo subset) uently withdraAc it tu;. 
large extent. It is sui’cly clt'ar that A\e dc'duccd merely a fonjiuj. 
for tlie .^ijiipk'st po.s.'^ible utiit present in iniilin, and thereafter diivii 
how it may be expanded oi’ nu>ditie(l. No other policy would biv,- 
becn justified e\-en AA'ith the (‘omprehensi\e data at our disjies,; 
Our argument did not result, a.s he states, in den altim iaii^,!; 
Kettenformel," and the value of this criticism will be evident idi!.'; 
it is obsci'A'ed tliat all our formuhe arc based on a stracturc for 
y-fructose. Tlie existence of this \ ariely of fructose A\a.s preditr-ij 
as rccentiA’ as 191 b by Irvine and Hohortson {loc. ci/.). and ib 
compound was first isolated, in tlie form of its tetramctliyJ dtriv. 
atiAT, by Haworth and Lua'. (T.. 1910, 109, 1311). Hntil aac did.'V 
no one has suggested a formula of tliis nature for inulin, and tb 
words (j noted ahoA'c cannot be applied to our structure, if to ary. 
There i.s no need to refer in detail to Rarrer's criticism of onr rkir:. 
tliat the soluble (and apjimTntly dcpolymcriscd) triraethyl iinili:; 
may lie disliilerl in a very liigli A'acuum, as his statements doiw. 
agi't'c AA'it]) those made in our ])aper. 

do not iAropo.se to b(' diverted from our I'psf'arcli prograiKEv 
or to adopt the nmtliod of publishing fragmentary results in hv- 
(picnt paper.'. Our la'scarchcs arc therefore being eontiuordo; 
inulin and other jxdysaccbarides, ijieluding stardi, glycogc!). iin': 
ceIJulo.se. These and ,'dmilar structural inv<‘stigations on cnrhcly 
drates gencawlly ai'c iji prcgre.ss iji this laboratory, and aaIII i". 
prosecuted Avitli the utmost vigour, iii vIcaa of the issues raised iii 
tliis paper, it sccm.s advisable to repeat once more that avo un- 
engaged in attempts to syntlicsist' suei'ose from the form of fructoa 
w'hicli Ave haA'e sJiown to be [U'cscnt in inulin, 
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E X P K R r M IC N T A L . 

M(:thi/hifion of Itnidn.- Firnl Stage. 

lit ivjR'atirig tliis preparation, tJio method (l(>.serihe([ l>v (rviiR* 
.Steele was in the first instance foIJowed exactly, usirl^ inulin 
;frein tlie same source and identical weights of the* inethvJatin^r re- 
Ligeats. The only differenee observed was that tiie yield (if dim^thvi 
inulin was considerably less tlian that ])rcA-i()iisiy quoted, ))ut tlds 
vaw trae(Al to pronounced adsorption in the vari('ty of charcoal 
u^ed for decolorising purposes, in th(‘ subsequent pnqiarntiotis, 
the tivatiiient witli ehareoal was c'ithtT' omittc'd or rerluced to a 
iniiiiinum, and various ndnoi' alterations weiv introduct'd so as to 
tliniiiiato oxidation. Tire following is an account of (me typical 
twjK'rinu'nt. 

Thirty-two grams of fmelyqtow dered inulin ^vere dissolved in 
(ill e.e. of ad per ('Ciit. sodium hydinxide solution at bO- 70 q and tlie 
lipjid was eoohal to 3oh d'he solution was maintained at this 
teia)K'rature and kept in active motion by a meelianieal stii-rer 
whilst SO e.c. of i)uiiti('d luetiiyl sul])hate and 2U0 e.e. of liry per emit, 
arpieous sodium hydroxide A\'er(' run in simultaneously, so tliat the 
alkali was always in excess, ddie addition of these reagents extended 
aver three hours. With the exception tliat 02 per cent, alcohol 
was einploycd to precipitate the inorganic salts formed in the 
:ii ethylation, the further procedure up to the stage where two 
ilkyiaiions hid been conducted was as described by Irvine and 
dc'clc. 

I'lio >_vr(ii.v pioduct thus olUained was dried in thf vaeuum 
It Iild^ until loiivcrtcd into a glass, whiuh amounted to 73 per cent. 
if the nciglit of inulin used, .After being ilneh- ground uith 
■iifoossive fiuaiititie.s of cold ether (free from aleohoi), the undis. 
"Ivftl imderial was e.xiractet! \iifli the same solvent at the iKiilins; 
'"lilt. 'I'he residue was the!) dissolved in cliloroform anil, if 
iwe.ssary, lioiled for lialt an iKnir with decolorising eliareoal. Tliis 
eliituai was liltered, kept in contact with anliydrous potassium 
«"enatc. tire solvent cvaporatcsl, and the residue dried at KiO^ 
t a vaciiiiui. In I his way, dimethyl inulin was obtained as a wliite 
111 oiph Oils solid. 

is to be noted that not only the yield, but. 
ipm'ently also the solubility, of dimidhyl inulin is much affected* 

> tie (pialuy of the decolorising charcoal used in its purification 
>y tile duration of tiie boiling in chloroform solution. The 
laxiniuin yield obtained was 77 per rent., but when .^jieeialjy 
‘ ^oiptne charcoal was employed tliis figure was diminished to 
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less than ono-hulf. The results of one experiment arc instniciiv,.. 
Thirty-two grains of iniilin gave 24 grams of dimethyl inujiu^ 
tlii.s weigjit was reduced to 0‘7 grains after further boiling in 
form solution with “ anti-gas " ehareoal. Not only so, bul tin- 
of (lie material then reeo\ered had acquired a ready soiulqjjjy 
ether, altliough llto negative reaction ^o^varcls Fehling’s .sohlij,,,, 
showed that this was not due to hydrolysis. A })ossibIe expiniunion 
of tliis change in solubility is given in tlie intrcxliietion, and (jn,. 
description of dimethyl inulin is thus restricted to the solid Tonu „f 
the compound \\liieh is jiractieally insoluble in ether, hut dissoJvf.v 
ill alcohol cliioroform, or acetom\ 

The mean of tlu'ce eonsistcait analyses, conducted on the prodd,.; 
of independent preiiaratioiis, was (' — od'Tl); H '= 7'30; (IMo 
( 0 ^ 14 ^ 03 ( 0 ^ 10 ).,]^ re((uires 0 — oOA:!; H - 7 ST; OMe - :12-; j),.f 
cent. The rotations of tiie tho'c eonvsponding spi'cimeib in 
chloroform solution were : 

44'S"forc -- 1-S4r), 

,, — 42-()" for G — I'Sl “), 

- - 444)' fore - l-TOd. 

As Irvine and Steele ((noted [aJu 42' I’ for c - l'S4A tlit-ix- isru. 
reason to depart from the statement that dinu'thyl inulin i> « 
definite com]Kjund or to mmlify our previuixs aeeuunt (f tlit 
sub.stance. 


T real ttii III of ilic Bn- products Soluble in Eiher. 

In isolating di method inulin from tlu^ crude jiroduet of niotlivt 
ation, part of tlie material dissoh es in ether and i.s removed. TIjisi;' 
soluble products, wJiicJi euJ'res]>ond in niethoxyl content wiili 
Karrerhs “ meth 3 -lo-inulin," \'ai‘ied considerably in amounl, and 
oil one occasion us much as 4o per cent, of the tiJtal materia! ins 
found in the ctlier extract. Tiic sx'rup isolated on removal of tlie 
solvent was converted into a glass when dried at Idd ,7lt mm., and 
different jireparations gave di.scordaut cai'boii and hydrogiai valins 
On tile ofiier hand, tln^ methoxyl content anrl the s]}('cili(' rotation 
in chloroform showerl little variation. Tlu' exti'eiiies rccdiiiKl 
V ere ; 


(‘ - dO-0; II ... T'l): - Hd'? : [3c(y dtrh . 

<' - oti'T ; li - T'o; OM(‘ - MS'S; lali, - 4M'7'. 


Althougii tlic whole of (lie material had origimdly been dissolod 
in ether, the .sidubility in this solvent was affected by thomiigii 
rliying. On grinding tlu' brittle mass with succe.ssive amount.'^ d 
ether, only a (joilion passed into the solution, which was lilt rrodaiid 
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evaporated. The undissolveci solid was thereafter dissolved in 
cliloroform and the solution filtered and evaporated. In each case, 
the residue thus obtained was dried in the vacuum oven at 100°. 
Pv this treatment, the original mixture was approximately separated 
into two components showing practically the same riiethoxyl con- 
tent (OMe = 41-6 and 40'4 per cent, respectively), but displaying a 
difference in the carbon values : 

(r/) Bmdue from Ether. 

0- 52-22,52*11; H - 7-70, 7-66. 

{b) Residue from Chloroform. 

0 = ol'OO, 51'59; H ~ 7*46, 7'52 per cent. 

The composition of the more soluble product (a) af)proxiinai('s to 
that of a trimethyl inuliii, but repelithui of the treatment with 
ether foiled to improve the analytical figures. It is unlikely that 
cither of the products just described is a mechanical mixtm-e of 
di- and tri-methyl inulin, and they probably consist, of nietliylat('d 
iiiuliiis, in which some of the anhydro-fructose residues are fully 
methylated whilst others still contain one unsubstituted hydroxyl 
group, 

Conversion of Lcevo-dinidhijl IniiUib into Dextro-dirncihi/l 
y-Fruciosc. 

Owing to the sparing .solubiliiy of dimethyl inulin in aqueous 
oxalic aeirl, it was necc.ssary, in order to obtain a polarimetrio record 
of the hydrolysis, to use aqueous alcohol as the solvent and to employ 
dilute solutions. The course of the reaction is inrlicatcd by the 
results of the following experimeiit, in which the .solution was boiled 
under a condemser and readings taken every thirty minutes. 

(bneentration of dimethyl inulin . . . O'o per cent. 

Coiicentration of oxalic acid . . . 03 pe»’ cent. 

Composition of solvent .... 70 ])er cent, alcohol. 

Time irorn start. [ftjii'* Tiuir from ttart. 

0 — :Jt lioiua Inac-iivc 

oO mimite.s — 4 Oar 

1 hour — S2't) “) ,. 12-1 

1.1 hours — 2S'r) h — loui 

2' „ - 2l-(; - lot 

3 ,, — 4-|> 10 ,, -f- lS-2 fcoi^tiint / 

^Vhen tlie complete results arc expressed graphically {spccitic rota- 
tion values platted as ordinate.s and time i]i hours as absei^^a'), a 
regular curve is obtained, the form of which in the initial period 
suggests that fk ' hydrolysis takes place in stages. Having e^tab- 
vol; cxxi. p p 
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ILshcd by moans of three experiments the above optical iu\Trsi^,^ 
which accompiuiies the hydrolysis, 10 grams of (limctliyl 
were converted into dimethyl fructose under similar condition,;; 

A solution of the compourul uas prepared in absohiU' alcuhoi 
and sufficient aqueous oxalic acid added to give a system containiurr 
70 per cent, of alcoliol, 1 per cent, of acid, and l-26() jx-r oint t.3 
dimethyl inulin, Kveu after repeated filtration, the lapiid 
faintly turbid during the early stage's of the hydrolysis, wiiieh wa., 
eondueted by boiling undc'r a condenser. After seven hours, tli,. 
rotation had altered from hevo to dextru, and had attained a eoustaiit 
value. The liipiid was neutralised ivitli ealeium carbonate, iiitoixq 
treated with charcoal, and evaporated to dryne.ss under <limini.slx.(] 
]iressur('. A syrupy residue I’emaiued N\hieli was extracted «itli 
boiling acetone, dried over sodium carbonate, and flu' solvent 
rcmo^■cd, Dimethyl y-fruetose A^•as thus obtained as a thich syrup, 
which was dried at 60",'100 mm. Yield '1'2 jier cent. 

Dhndhijl y~F rue lose, 

AiUlKmgh the sugar, isolatc'd as dc.seriiu’tl above, was perciqitilNv 
volatile when heated under highly diminished pressure, no attempt 
Mas made to purify the eonijiound by distillation. This was avoido!. 
as, ill the absence of exact evidence as ti^ the position of the liydruyvl 
groups, the ])ossibility remained open that traiisforniatiuii to tlii; 
butylene- oxide type might take jilace (Found: (F- 4(]-Hl: 
H I 7-73 ; OMc - 3(H2. requires C - 4(iT.3 ; H Tat!!; 

OMe — 20'8i percent.). |ac]J' in chloroform ^ — 17T fore - Ftu.i. 
As doubtless ti\o stereoisomeric forms corresponding with the 
a- and 3-coiiiigurations Mere present, tlie above optical value 
only significant in so far as it proN cs that the sugar is deiived from 
y-fructosc. Dimethyl y-fructose dissolves freely in water, alcohol, 
or acetone. The aqueous solution reduces pota-ssium pernianganaio 
instaiitlv in the cold, h'cliling's solution and ammouiacal silver 
nitrate solution an' likewise reduced at the ordinary temperature, 
although more slowly, On the other hand, Schiff's reagent iiiid 
iiKTcuric chloride solution are inialTeetcd. These properties are 
characteristic of y-,-ugars, but to estiililisli this point the diiiictinl 
fructose iva.s condensed with methyl alcohol to give the corrcspeiid- 
ing methylfructo,side, Tiiis, in turn, was converted into tetni- 
methyl inethylfructoside, which on hydrolysis gave tetrametliyl 
y-fructose (see Irvine and Steele, /or. cit., for exjierinicnlal clctdil? 
of similar reactions), The compo.sition, reducing properties, iukI 
physical constants of the sugar thus obtained were in good agnr- 
ment with the .siandard ^■alues. 



OF POLYSACCHARIDES. PART IV. INT7LIH. 


1075 


Trimefhijl Inulin. 

The conversion of dimethyl inulin into a soluljlc ciextroroiatury 
form of trimethyl inulin has already been described. Details of 
another similar preparation may now given, d’he .starting 
niatorial employed was a methylalc'd inulin obtained after one 
treatment with sodium hydroxide and methyl sulphate and, before 
further alkylation, the snljstance was extracted witii l)oiling ether, 
tlio incthoxyl content of tlu^ lesiduc bf'ing 27 ‘5 per cent. An 
cxtrancou.s solvent was thus necessary to elicct complete .solution 
in continuing the methylation by the silver oxide reaction. The 
customary procedure W'as followed, the total product after each 
reaction being dried at 100“/20 mm. 

First Mefkylation. — Substance, 25 grams; .silver oxide, l>3 grams; 
methyl iodide, 100 grams; methyl alcohol, 30 c.c. Duration of 
heating, eight hours; extraeliiig agent, methyl alcolio). 

Sicond Jl/e%?aOo>n— Duplicate with the above. Yield of pro- 
duct 20 grams, of which 4 granus were soluble in ether and 16 grams 
soluble in alcoliol. 

Third Melhfjlatioii. — Duplicate with the above, save that no solvent 
alcoliol was required, a clear .solution in methyl iodide lieing obtained 
on tile addition of a few drops of acetone. Acetone na.s also used 
as the extracting agent. A'icld 15 grams ; 051.e — 3S’6 per cent. 

Fuurlh Methylation.-- F\r> extraneous soh cut was required in this 
case, and the alkylated product nas fieely soluble in ether, Avhicli 
was u.sed as the extracting agent. Otherwi.-c (he conditions were 
the same as in the previous alkyJaiions. Yield, 12 grams; 
OMe — 42'4 per cent. 

Fifth Methylation. — Duplicate with the fourth. Yield iO'5 grams. 
The product was a glass (Found : (.! = 52 '0 ; II = T'T ; OMe = 44*3 
per cent.). In chloroform solution, for r — 2, [a]^' = -f- 59‘2'. 
On ]iydrojy.sis with aqueous oxalic acid, 7’5 grams gave 6 grams of 
pure triruetiiyl 7-fi'ueiose. The original compound thus possesses 
the composition and properties of a trimethyl inulin. 

Preparation, of Two Isomeric Forms of Lccvo-frimdhyl Inulin. 

We have found that the hevorotation of the methylated iniiliiis 
is generally preserved when the silver oxide reaction is applied to 
material already methylated by methyl sulphate to an extent which 
renders the use of an extraneous solvent unnecessary and permits 
of the final alkylation being conducted in one operatioii. Kven 
under these conditions, it was ascertaiiieLl (hat the silver oxide 
reaction introduces factors which modify considerably tiie proper- 
ties of the tr^ a'th}’! inulin produced. This is clearly shown by 
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considering the effect of mcthylation on the soluble prodntt^ 
obtained after subjecting imilin to two treatments with iQethvi 
sulphate and sodium hydroxide, A specimen of this raaleriaj 
freely soluble in boiling ether, gave C = 52-14, H — 7-6$, OMe ^ 39.(1 
per cent . 14-5 Grams were, subj ected to one methylation by tlie 
oxide reaction, the procedure being exactly as described by 
and Steele. Contrary to expectation, the product was no lojifrer 
entirely soluhle in boiling ether, and was thus divisible into twi) 
fractions, showing, llowe^'er, the same composition after drying at 
05^/150 mm. 

{«) FractiOH soluble in ether (yield 51 per cent.). 

C ^ 53‘11 ; H — 7-70 ; (hMc = 44-4 per cent. 

[aj in chloroform solution — — 46-62° for c — 1-5.12. 

[b] Fi'uclion insoluble in ether (yield 28 per cent.). 

C “ 52-00; H — 7-7S ; 01\re — 44-0 per cent. 

[a]n in chloroform solution — — 40-25° for c ■- 1-711. 

A.s tfimetiiyl inulia requires C — 52-04; li 7-84; 05Ic - 44ii 
per cent., the agi-eement is satisfactory, and the rotations appmi. 
mate to that of Ka'rrer's specimen. At least three forms of iri- 
metlnl inulin have thus been isolated : ( 1 ) soluble in ether aid 
dextrorotatory, ( 2 ) soluble in ether and hevorotatory, (3) iiisolulh 
in ether and lajvorotatory. The description of a fourth varitli- 
M ill form the subject of a future communication. Meanwhile, d 
the three distinctive types mentioned above, ( 1 ) has already heta 
shown to give trimotli}'! y-fruc(o.se on h^'drolysis, and .simiiiu- tcjl; 
w ere therefore applied to (2) and (3). 


Conversion of the Soluble Lepvorotalory Form of Trimcihjl Funlin ivio 
j)er(ro-lri methyl y -Fructose. 

Oxalic aeicl uas u.sed as the Ir^'drolytic agent and, for reasoib 
alread}' given, dilute solutions were employed. A 2 per cent, solu- 
tion of the trimelliyl inulin was prepared in 06 per cen(. aqueous 
alcohol containing 0-4 per cent, of oxalic aeid ami, after hltratioii: 
was heated at 90°, polarimetric readings being taken every tinny 
minutes. Typical observation.^ are gi\-cn below, the specitic rota- 
tioiis being calculated on the initial concentration. 

Time from start, 

30 miniites 
1 hour 
3 hours 
H u 


— Jb'b 

- 34-6 

- 13;6 
Liactivc 


Tiiue from i-tari. 
Li hours 
0 ,, 

11 n 


'ajy. 
-y 11-n^ 
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When the rotation became constant the sugar was separated and 
inirified in the usual manner. In this way, trimetbyl yfnictose 
Ivas obtained, identical in every respect ^vith the sugar isolated in a 
similar reaction from dextrorotatory trimetbyl inulin [Found : 
(^':=4S'74; /‘OG; O.Me =- 40*7b. C(5Ky()5(OMc)-> requires 

(’ IS’/o; H — 8-11 ; OMe = 41-88 per cent.], [a][/ in ehloroforin 
..solution -r 24-8“ for c 1, the standard value being -f- 2C-G^ 
The proof was extended by converting 5 grams of the svigar into 
tetrametliyl 7-fruct0.se in the fodowing reaction.-'. 

p/] Coiiversion 'into Tnmethi/l y-Mefhijlfniclo-s'iik . — Tliis reaction 
was carried out by preserving a 2 per cent, solution of tlie sugar in 
(iiethyi alcohol containing ()-2o per cent. r)f liytlrogen chloiido for 
nine hour.s at 30"". The penuanent rotation of the .solution was 
[•jj^ .p 57.5-' (Irvine and 8teolo, loc. df., quote -!• o7-0") and the 
siihsequent treatment was as usual. 

{[)] Jlethf/Ialion of Trimelhjl y■^ldlu|ljrHrUmth\~■T\\c^ iiK'Uivl- 
^tioiLS by nieau.s of the silver oxide reaction snfheed to give the fiiilv 
r(i-'thylated fructo.side, which was isolated in the manner deserif>ed 
former papers. 

[c) Hydrobj^^is of TdrciitK-.thjl y-Me.llujIfri^ctos’nh . — Following the 
daiidard processes aiid using 0‘2r) |)er cent, hydrochloric acid as the 
:iV(lrol3'tic agent, complete hydrolysis was elfected at IKF. Tlie 
■ierniancnfc .specific rotation attained by the solution was -f 32-0'. 
.vliich, considering th(5 extreme sensitivcne-s of tlie activity of 
iuctase derivatives towai'ds changes in temperature, is in good 
igreement with the value found by Irvine and tSteelc (['/]j, -f 30-7") . 
The tetramethyl fr'uctose produced wa.s isolated as a. mobile s^'rujj, 
.vliich was purified by two distillatioiis under tlui liigh vacuum of 
he Gaede pump (Found : C — ol'02; 11 - S-4G; DMe : - 50-7. 
ale., C -- uO-S") ; H — 8*47 ; OMe od-d per (amt.). T'he sugar 
!ispia\-ed all the cliaraeterislic propcu'ties of a v-form. reducing 
];ul;issium permanganate, Fehling’s .solution, and ammoniacal silver 
nitrate ..vjiutioji in tlie cold. Its ident ity witii tetraimdlud y-fruetose 
was further confirmed by tlu^ deterniiiiation of tiu' .sjxxlfic rotation. 

Il^droh/ds of ihe Form of 'I' ri methyl lu idin I i/i Klher. 

Ill general, ifie series of proces.ses jmst descriliod Avas applied to 
this particular variety of trinietlnd inulin, minor variations iieing 
iiece.ssary on account of tln^ different solubility. 

A 2 per cent, solution of the compound in GG per cent, alcohol 
containing 1 pt-r cent, t/f oxalic acid was boiled under a rclliix eoii- 
donseu. In this ease also, as hydrolysis proceeded, the rotation 
altered from licvo to dextro and attained the same constant value. 
The trimethyl . fi uctose ultimately obtained showed a sligiitlv lower 
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specific rotation in chloroform solution than the standard vala^ 
{[«]d + 24-6° in place of 26*6“), but was otherwise identical 
previous preparations. As a final confirmation of the y-structurg 
of the sugar, it was in turn converted into trimcthyl methylfrnctoij. 
idc, tetramethyl met-hylfruetoside, and tetramethyl fructose, Xhe 
final product was identical in composition and properties with the 
specimen of tetramethyl y-fructose produced in the hydrolysis of 
the other varieties of tri methyl inulin, 

The authors acknowledge their indebtedness to the Carnegie Trmt 
and to the Department of Scientific and Industrial Kesearch for 
grants in aid of the investigation. 

CrTEmCAL TIesEAKCH LABOnATORV, 

United Coltkoe or St. Salvator and St, Leonard, 
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CXXX.-Fhotocafalijsis. Pari IL The Phoiosynflmh 
of Nitrogen Compounds from N if rates and Carhon 
Dioxide. 

By Edward Cffarlks Cyril Bai,y, Istdor Morris HEimoY 
and Donald Pryck Hudson. 

Tiil mcchaiiLsni ttf tb(' photosyiitliesis of fornialddiyde from Ciulxti 
dioxide and watei’ was dealt with in (be jiivvious paper (Ikily, 
Heilhron, and Barker, T., 192J, 119, lO^b) and it was shown tint 
the reaction is purely a ])liotoehemical one. Fonnaldehydr 
synthe.sised in aipieoii.s solutions of cai'lioii dioxide under tlK- 
influence of light of very sliort wave-length {\ - and, fart tier, 

the synthcsi.s takes ]j]aee nnd(w the iiilluejice of visible light in th 
presence of visibly coloured substances wliieh hav(' the power if 
forming labile additive coinpound.s with the earhonie aeid. it w;'..' 
further .shown that formaldehyde, when exposed in aqueous solutiuii 
to ultra-violet light of wave-length 2!)d/</o is readily polyiuerisol 
to redueing sugars, P>y tlie action of llie light, the forjualdelmlc 
molecule is eonveiti'd into the active phase, which at once uiidergnts 
polyinorisution to sugrars, ^I'his <;eUve jiha.st' is the same as tint 
wliich Ls the first product of the jihoiosynlliesis from earhonie aeiil 
and, therefore, in the living plant sugars are produc('d diivcih 
without the actual formation of tlie ordimuy non-rcaetive uKiIeeiilo 
of formaldehyde. 

These prelimiiiary results sugg('st('<I to us several lines a l<# 
which furtlier investigation should ho imide and each of ihive 
afforded re.sults of comsidorahlc inter(\st wliieh we hope sluaBytLi 
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be in a position to publish. Tn the present paper we wish to discuss 
the formation of the complex nitrogen derivatives in the living plant. 

There is little doubt that the original .source of the nitrogen 
nutst be potassium nitrate or, possibly, ammonium salt.s, and the 
question to be answered is wliether the plant i.s able to syntlusiso 
from one or both of these sources by the u.se oi activated form- 
akleliyde the many complex nitrogenous sul.)stanc('.s that have been 
found in the vegetable kingdom. Two separatf^ investigations 
have been undertaken, one witli potassium nitrate' and the other 
with ammonia, and the results wo have obtained in each ca.se are 
very interesting. We propose in what follows to rc'strict ourselves 
iiiaintv to an account of our work with potassium nitrate. 

It was shown by i\loure and Webster {Proc. Hoy. <S'oc., 191^1, 
[il], 90, 1o8) that nitrates arc rapidly reduced tn nitrites by ultra- 
violet light, and the suggestion was made by them that this photo- 
chemical change is the first stop in the synthesis cT the naturally 
occurring nitrogen compounds, but they did not indicate the 
luaiiner in which the nitrites arc utilised in the plant. Although 
this photochemical observation has been confiimcd by us, it would 
seem to be of little importance as far as the vital synthesis is con- 
cerned, since It is in the highest degree improbable tliat the ultra- 
violet light can penetrate the highly absorbing cellnlar tissues fjf 
the plant. Further, it has been proved that potassium Jiitrate is 
ivdiiocd to nitrite within the roots and .stems <jf plants, uliere 
oliviously no }>liotnchemical reacticui i.s })ossil)le. 

Xow it has 1)0011 sliown by Sehimper {BoL Z., ISSS, 46, O.”)) that 
nitrites are always ])re.sent in the living leaf when tin' plant is in 
the dark and that they disa])[)ear when the h'af is exjiosed to light. 
.Moreover, the disappearanee of the nitrites only takes placi' wIk'ii 
ciilorojdiyli is present, since, wlien a [)artly ('tiolated leaf is ilhimin- 
aled. (he nitrites remain unaltered in tliose ])oitions of tlie leaf 
which contain no chlorophyll. We hai'e found that activated 
formaldehyde readily coinliines with ])otassium nitriti' to give 
formhydroxamic acid and also that this sidtslance at onci' reacts 
with more molecules of activatetl foi nialdehyde to produce a great 
vai’iety of complex suh.stance.s such as are found in th(' living plant. 
This photo.syiithc'tie production of formliydroxamie acid was tirst 
(li.scovered by lluidiseh {Pn\, l!!ll, 44, lOOil). wiio (•xposed an 
aifuoous solution of ])otassium nitrite, (('■ntaining inetbyi alenhoh 
to ultra-vioh't light. We have ])rov('d that the reaction (ake.s 
place hetw('on activated foj-mahU'liyde and tlic' nitrite' hy ))a.^sing 
earlion dioxide through a<pieous solutions of eillua' potassium 
nitrate or jutrite whieli wore c'xposc'd to ultra-vioh't light, and .dso 
I'V exfiosing scTition.s of the nitrate' oi' niniti' containing form- 
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aldehyde to the light. In each case the production of formhydf 
oxarrtic acid was proved by means of its copper salt, whilst 
w\as formed when a solution of potassium nitrite and forinalct^hv^. 
was allow'cd to remain in the dark even at 100°. We have j 
found that no reducing sugars are formed wfien sufficient ni{% I 
is pre.sent to react wdtli all the activated formaldehyde, hut tLr I 
if the activated formaldehyde is produced in excess of that ; 
by the nitrite, reducing sugars are produced. 

Three iiuportant conclusions may be drawn from these facts- 
] . Activated formaldehyde such as is plitdosynthetically pr(xhi(.f.(; 
reacts with potassium nitrite, 

'2. 'riiis reaction takes precedence of the poly ineri, sat ion of {i,^ 
activated formaldehyde to redneing sugars. 

:i When the activated formaldehyde is produced at a ral(‘ gn.juu 
than tliat at which it can react wath the nitrite and witli the fora, 
liydroxamie acid thus formed, the excess pulyinerises to redin.-iu? 
sugars. In this ease, the tvo reactions take place .simultaneoislv 
and independently. 

The extra ordinary readiiucs.s with which activated formaldelivi;.- 
reacts w ith ]-)otassium nitrite or polymeri.ses to form reducing 
.vijows that it (lifters very materially from tlic substance in ju 
onliiiary form. The reaction whereljy carbon monoxide is prc]ia]o>; 
h\' the (lehydi'ation of formic acid has Jiot yet )>c(ui reversed, tljr 
is to say, formic acid lias not Ijccii ohtaiijed by the direct action r; 
earlHUi monoxide on water. TIkwc' is no doubt tlial this jeaeii-: 
would take ])lae(‘ -[ihotocliemically in tlie ]jn',s('ne(' of light of vov 
.short wavedeiigtJ). .siieh as i.s r(-t(njred to aeticate the cariNi. 
iiiuJloxlde Jiiolefide, The freslil y-s^'ntlu'.sjsed molecule of fonri 
acid Would then (loiil)lifs.s he Idrnied in ;u-eonlanc(' w ith lh(' 

(■=() : Hi) c<dj] — 


that is to say. when fieshly sviithesised, tin* eoiistitulion (d funiii; 
acid i> to he j’epn'sented as the tru(‘ liydrati* of enrhon nioiiiwiiir. 
a derivative of hivalerjt carlion. Tliis eontlguratioji being iiiela- 
'-talj](c the molecule loses energy and passes into the ordinary jilmc 
P.v analogy, tlie fns^ldy .syntliesiscal (jr jjhotoelieniically activaU-i; 
molecule of forma Idehyde wrmld have the constitution HT*0H. 
and this formula well e\])laiiis the exlraiU'dinary reaeti\ i1y of till- 
su'h.siancc'. Its raj)id polymerisation to sugais l)eco]n(‘s oliviyis 
and its unirai with [)otassiiim nitrite to gi\'(‘ forniliydroxa^iiio .'Utl 
will take place as follows : 

vv::; "i;;::; - 


tiu' ]Kitas.-:ii(m sail 


■ompjctely hydrolysed to llu' five acid. 



HEILBRON, AND HUDSON : PHOTOCATALYSIS. PART II. 1081 

There is no doubt tliat formliyciroxamic acid marks the first step 
ju the pliytosynthesis of tlie nitrogen compounds found in the 
plant. We have proved this, not only by the fact that this corn- 
jtouiid is actually produced by the direct action of activated 
fcrinaldehyde on potassium nitrite, but also by the fact that form- 
hvdroxamic acid reacts vith activated formaldehyde to give 
rompounds which are known to occur in the living ]3]ant. An 
aqueous solution of formiiydroxamic acid is on)}- yvvy slowly acted 
on by ultra-violet light, and, further, no change occurs on keeping 
the solution of the acid and formaldehyde in the dark. If the 
latter solution is ex])oscd to ultra-violet light, both the form- 
livdroxatuic acid and the formaldehyde rapidly disappear, the test 
fill' sugars always being negative unles.s the aldehyde is present in 
excess. We have further found that by the action of ultra-violet 
light on an aqueous solution of jiotassium nitrite and formaldehyde, 
substances more complex than fonnhx^droxamic acid are formed, 
although this is the first compound produced. Our re.sults therefore 
explain the observations made by Schimper which xvere referred 
to above. 

Since the formation of forinhydroxamic acid is the first step in 
the synthesis, we have used in the greater number of our experi- 
ments a preparation of this compound obtained by the action of 
ethyl formate on hydroxylamine in methyl-alcoholic solmion. 
Aqueous solutions of this acid wero prepared, and tlic.se. after tlie 
addition of formaldehyde, were exposed to uhra-violet light. Tlie 
products formed vai'v considerably xvith the lelativr^ concentrations 
nf the acid and form aldehyde, and the difficulties arc consitlcrably 
iiKTcased liy the very remarkable xelocity of the reactions. Hub- 
ituuccs are produced in the first hour, only to give place sliortly 
iifterwards to more complc.x compounds by further eondcuvation 
with activated formaldcdiyde. 

Tile x-ariation in the results that we have obtained establishes tlie 
:act tiiat there are at lea.st three ways in i\hie]i activated forni- 
ddi'hvde can condense with fortnlivdro.vamic acid, a conciiisiou 
ivliich may also be drawn from Ikiudiscli’s work. In discussing 
dicse condensations, reference must be made to our investigation 
jf the polymerisation of activated forma Idehyihe to sugars. Tlie 
X'siihs that we have obtained jirovc that only he.xoses are formed, 
dl tests for pento.ses in the sugar syrup having proved to be negative. 
Ac hope to communicate the expcrinumtal proof of tliis and to 
hsciiss its importance in phyto.synthesis in a further ]iapcr. Tlie 
net that hexoses only are formed shows that in all probabiiity tho 
Kilymerisation takes place to give the prothiet whieli is most 
avoured by sj): <,ti coiitiguration. It justilies us in assuming that 
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the same is true of the nitrogen synthesis and that in the condens;^. 
tioii of formhydroxamic aeicl with activated fonuaickhydo thf- 
iirst products are those whicli are most favoured Ijy spatijii 
conliguration. 

Before dealing witli this, we may record tlic fact that \\e havt 
dehnitely proved the formation of a^amino-acids and, furtiier. 
some experiments y\Q found that methylamiiie was foi'nu‘<l. \Wi^ 
it is possible that methylamiiie is produced direetjy from fonn. 
hvdroxamie acid, wo believi' that it arises from tlie aetkn of 
activated formaldehyde on animonia. We freiiuently foinid siimjj 
quantities of ammonia in our solutions after exposure to light, and 
further, av(' have proved that activated forma Itlehyde does roan 
with ammonia to gi\e methylamiiie. This is of some iiUoiK; 
since it affords a din'ct experimental jiroof of Pictet ‘.s coiiteiitkai 
that in iihytosynthesis formahh'hyde acts as a methylating agent, 
it being remembered, lumawer, that this is a reaction peenliart.j 
the active formaldehyde that is ])]iotosyntfudicalIy iirodiKCil. 

We would mention lua’c an ol)servation iv'hich is of consideraU' 
importance with refenmee to the' nu'chariism of the synthesis d 
compounds by the action of activated formaldehyde on fnrtn. 
liydroxamic acid. Jn all tliese reactions oxygem is set five, a faet 
that is proved liv tiie oxidation of eoiisiderabie ([Uantitic's of tlie 
formaldehyde to formic acid, a phenomenon wdiich docs not oenir 
wlien ai[iieoLi.s .scilutions of formaldehyde are exposeil to iiltriV 
violet liaht. This leads to the view that formhydro.xainic aeiu 
readily loses oxygen and indeed that at thc' niomeiit of its reaetiiiu 
n p — OK* 

it mav he represented as ij . d his molecuh' can mni 

N H 

with activated formaldehyde in several ways. In the first \kr. 
it can comhine with one nioleenle of activated furniakkhydr ij 
1K>CK-('H-0H 

edve the labile ring eomiiound \ / , which ky n- 

^ XII 

arrangement would doubtless give glycine, rhen, again, sincr tk 
amino-group is proieefed by internal salt formation, the nudbn 
groiq) of giyeint' may react with more molecule.s of the activated 
formald(‘liyde to give tiie honiok^gue.s of giyeine. 'Hiis sdiciiir 
necessitates that every acid must iiave t)a.‘ amino-grouj) m tne 
v-iposition. whielp of course, is inviirialdy the cas(‘ in phytosyntlus!!. 
We proved tlie fornuilion of •/aiminu-aeids in our experiments 
the so-called ninhydrin reaction, which is siiecilic for those siik 

* It ma\ t)i' UkO diis .suijsltujt'f.' is a hyclfato of IiychuryaiiH’ -r 'V 

a fact 10 wliicli W' woulU diivct aiteutum ia cuunoxioti will) the fonnatM^ 
of cyanogenetic ghicucidcs. 
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stances, a pure blue colour being developed on hearing udth an 
aqueous solution of trikctohydrindene hydrate. We have suc- 
ceeded ill isolating these acids in the form of their hydrochlondes, 
hut have not yet succeeded in identifying them. Jhiudisch states 
\;/,. CJiem., 1913, 26, 612) that he obtained evidence of the 
formation of substances of the nature of a-amiuo-acids. 

A second direction along which the synthesis may proceed is 
]>y the union of several molecules of activated forma{dehyd(^ with 
one molecule of fornihydroxamic acid. If we argue from the 
sjjatial configuration, the two most stable configurations would 
])c tlic ring compounds formed by the condensation of eitlicr three 
(ir four molecules of the formaldehyde with oik', molecule of form- 
1 1 vdi’oxa m ic acid , iia me !y , 

CH-OM 

ilQ.Cil— CH-OH / 

110-ClI CH-OH HU-CH CH-OH 

\/ ^ 110‘CII CH-OH ' 

XH \/ 

XH 

These compounds, by the loss of oxygen and of water, would give 
pyrrolidine or pyrrole compounds and pijieridine or pyridine com- 
pounds, respectively. Then again pyrrole and pyridine niay 
f'onrlen.se with more moliamles rd tJio acti\a\ted formaldehyde to 
give indole compounds ou tlu' one hand and quinoline and ko- 
ijuinolme nu the other. For example, in the case of pyiToh- the 
first product of the condensal ion would be 

CH-OH 

/\ 

KC— CH CH-OH 
HC CH Ch-OH. ’ 

\/\/^ 

XH CH-OH 

wliieii by loss of (nxygeii and water ^vou[d give indole. 

the simplicity of these s^mtheses is peculiarly atlraelive, for 
they are the natural result of la’ingiiig togetliei potassium nitrite 
and the activated formaldt'hydt' wliidi is photosAmtlietically pro- 
duced from carbonic acid by tlie photocatalytic agency of the 
chlorophyll. They are, luorcoier, not to(^ speculative, since 
JIaudi.sch statc.s that ho has proved the presenec of both pyrrole 
and pyridine derivatives iti solutions of potassiLim nitrite and 
methyl alcohol after long exposure to sunlight. In our experimeuls 
^\ith formhydroxamic acid, using the artificial light of the quartz- 
mercury lamp, w'e have not as yet found evidence of the formation 
of any simph ‘ieri\-atives of either pyrrole or pyridine, but, as 
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already explained, the |ihotosyiitliesis under these conditig^^ 
extraordinarily rapid and very soon ^oes far beyond the fonnatir.u 
of simple compounds. If a solution of forjnhydroxamic aiii 
containing fornialdeliyde is exposed for twelve hours to the lijrj .1 
of the quartz-mercury lamp, evaporated to dryness with hvdrti. 
chloric acid, and the residue jnade alkaline with sodium hydroxid,, 
and extracted with ether, the ctliereal extract on e^aporatuiji 
always gives a nitrogen base which is of an alkaloidal nature. \\\ 
have oldiuried at least two dilfcreiit alkaloids in this way, one nf 
which i.s a volatile oil with an odour resembling that of tohaccg, 
whilst the other is a solid of low melting point with an odour 
resembling tliat of biu'ut feathers, Both these substances fonii 
crystalline salts with acids and give strong positive tests with all 
the usual reagents for alkaloids. "We liave not as yet tjccn abki,, 
prepare sullicietit of these compounds for their identification, k 
tuay he noted that the first -mentioiicd alkaloid is probably klentio;! 
with that obtained by Baudisch {Ber.. BJ13, 46, 115). 

Strong confirmatory e\'ideiice (of Ihe reality of the above s\ii‘!ir.,K 
i.s also to be found in the fact that juTitiiiic is formed by tlie iiffinn 
of activated formaldehyde on ammonia. Although tlic pyridihfj 
is piodiieed h\ the condensation of fi\e molecuk's of the form, 
aldehyde with one jnolecule of ammonia instead oi four niulei'iilis 
with one of formhydroxamic acid, this observation clearly c.stahli.'k.' 
the fact that the syntlicsis lakes place along the lines indkatei 
above.* 

We liavc al.so canned out some experiments on the aciiuji d 
activated formaldehyde on ])yridinc, and altliougli these aro -tiil 
incomplete tlie results that wc ]ia\'e obtaiiKnl support the views ivv 
advance as to the mecliaiiisni of the .synthesi-s. 

There yet reiiiaijis to be con.sidcred another direction along wii'di 
the eondcirsalion of foinnhydroxamic acid with activated fuim- 
aldeiiydc can procec'd. Two molecules of formliydroxantic aci! 
cati condense \vith one molecule of the formaldeliydo to ghc h 

HO‘C.H-~Nli /\ 

(I.) HO-CII CIBOH 

\ / A\ CH CH-OH 

\/ 

All 

which by loss of oxygen and water gives glyoxaiine. Turtliermoie. 
it is possilde that a mol(;cule of glyoxaiine will condense widi 

■'*' Tills niof'i'votioii been nuuli' b\ .'i!'. II. -h Stern, with wliojn '-i 
are investigating flie aclioii nf iictivated fnnnaldeliydr' on ammonia, hi 
hope shortly to pui>li.tli tlie results of tiil'i work. 
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],iorc molecules of formhydroxainie acid to give TI, which i:-; a 
varithine derivative, and it may he suggedud that the i)hyto:yvn- 
ihetio production of xanthine, theobroinine. and calfeiiK' follD\^•s 
nhs course. ITere, again, we are able 1o bring forward evidence in 
support, in one experiment in which a sohdion of forndiydroxamic 
;icid co?itaining only a small quantity of formaldehyde" liad heen 
illuminated for two hours a. small qnantity of a ervstalliiu' nitrogen 
I,a 5 C was obtained. This compound melted l)et\\i-i.‘n 8,5' and 90' 
was odouiies.s wlum cold and developed a tisli-Iike muc!! on warining, 
sja\e a white silver salt, and was readily oxidised to foianie aeid by 
cold, neutral potassium permanganatp, \V(' ])e!ieve that in, this 
case glyoxaline was jwoduccd. We have also obtained evidence 
of file formation of glyoxaline in other experiments. }>u1 in these 
eases tlie product was a iiiixtiii'c, d he odoiir of givoxaline \xas 
veiy noticeable on warmijig, (he reactions v.ith silver' nilratf^ and 
potassium permaiigaiiate were erjiially detinite, hut we wiu’e unable 
(i) isolate the glyoxaline in the crystalline form. The formation 
of glyoxaline would remove onr suggested explanation of tlie 
pliylosynthesis of xantliine derivatives fi'oni the realms (jf sjweu- 
ialion, and (he experimeiitai I'esults we ha\e obtained leatl u.s to 
j)laee eonsiderabh' eonfidenee in its truth. 

We stated above that \\v had obtained positive r videnee of the 
{(lioinsyiithetic productio]! of coamiiio-aeids from ])Oiassium nitrite 
and forrnnldoliyde, and we are also able to state that we have 
siieceedcd in proving the funiiatitm of at least one sulistiiuted 
7-auiiuoaieid. The alkaline solution after (lie extraction of the 
alkaloids 1\y means of etln-r is aeidiliiul with hydroeldorie aeid and 
(waporatwl to drynes.s on the water-hath and tile solid residue is 
e\traele<l with boiling aleoiiol ((10 jhw cent.). To the alcoholic 
exli'aet is added a mixture (T absolute alcohol and ether to jire- 
ei[>i(ute the inorganic salts, and the tlltrate is eva])orat{'ti to <]i'yncs.s. 
d he residuo t'on.'vists of liu' hvdi'ociiloritlcs of at hsu'^t one sultslituted 
'/-aniii o-aeid and gixe.s after neutralisation with sodiufii carl)onate 
tlif' \-<’ry eliarac'tei'isti(; I-hn’gundx’-retl eidoiir on healing with 
triketohydrindeiK' hydrate. 'I'liesc acids do not giva^ the usual 
blue eop|.!cr salt chai'uett'i'istic of tlu'. onliuary situ])le v.-aniino-aeid. 
^Uulst we have not Ixam al>Ie to iLlcntify tliese acids, the colour 
r(*action with dia/.obciizenesnlplioiiie acid leads us to believe that 
liistidine is present. Tlie formation of histidine would, of course, 
luatcrially strengthen the arguments for the formation of glyoxaline 
and the xanthine syntluxsis sugge.sted above. 

fhe formation of a substituted x-amino-acid is undoubtedly <a 
matter of great interest, but we would point out that it is a natural 
consequence e^ the photosynthctic process. The fact that acid.s 
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of tlio typo of lustidiiie, tryptophiin, eto., are readily fonjied is 
proved by their occurrence in the living plant. Our results cstabiisi, 
the fact that the ,synthe.se.s of nitrogen bases and of s-amiiio-aeid, 
take place concurrently when forjnaldchyde is photo,syiithclir.alK. 
produced in the presence of potassium nitrite. Since both typi, 
of compound, when Hrst synthesised, exist in a highly rcaetio- 
|)ha.se their combination to form substituted a-aiiiiiio-aeids ensiK's 
without difficultv. 'J'he phytosyiitliesis of proteins is only one sla,,,. 
further in the proce.ss, namely, tiie infereondcnsatioii of ihc varioii, 
sabstituted vaniino-aeids, again a natural conseiiueucc ot tliri, 
existiii" in highlv reactive phases when first ,synthe.sisc(l. Althonel, 
ne havm not yet found any evidenec of protein formation, our resiilts 
seem to indicate the manner in whicli these bodies are syiillic.sia.(l 

in the living plant. , , 

Once more «c would emphasise the e.sseni'.a. diHcrencc tetivreii 
the conditions in the, living iilant and those in the lahoratory, 
namely, the control that is present in the one and completely absenl 
in the other This want of control very iiKderially increases tiie 
diffienltv ot ex|.eviments in rilro, Giving to the mmd.er of prortiicu 
that are formed in small i|Unntities, Although we have sucemH 
in establisliiiv' the various types of compounds that are Inniinl, 
the identification of ll.e individual siihstanees is exiremely Ireiihit. 
some. Ill spite of the many diliieultie.s, we feel tliat our results iii,t 
onlv clearlv cstabiisli tlie initial stages of tin' (iliytosviitlie.sis d 
nitnureu compounds, bid .also indicate the main lines along wlmh 
tliis plivto.svnt!,esis takes place. The foilnwing lable shmv.s file 
■ ■ ■ V'A\\[''- li'iul US Id put forwanl will) amif 


giiiioral sclicniu 
coniulcu 


i’tjf ftetsiiuiil iiiidiU’ 

i 


Foi-uili\<li'OXitiiiIt: ilcifl 

I 


( 'Arhuliit; Acitl 
(•hViit'-d forinaltli'liydi.' 

I Hf'NtHC; 


'<1 


XitrfiLfcii 


AlUfilnids autl .vanthiiw 
ticrivutivfs 


) 

.1, I 

Stibstiliiled a-flmitio-a(;K.lH 
(Mi.stidiiif'. i-lf.) 

I 

]b'otoins 
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Tlse activated forinaldtdiydo produet'd l)y the pliotocatalvtic 
action of chlorophyll on carhonio acid coml)ijie^ ^vitll the i)otassiuni 
nitrite known to bo present in the leaves, thk r(>aelinn taking 
jireceticnce of all otlier.s. The formhydroxaniie acid then condenses 
witli nioro activated fortiialdcliydo, lliis ivaction taking second 
place in the order of precedence, wliilsl all ('.nc,‘ss of th(> activated 
I'.irinaldehyde polymerises form iu'xoses. 

The interaction of th(^ activated fonnaldchydc with forni- 
Itvdroxamio acid follows two main lines, the formation of y-amino- 
acids and of variou.s nitrogen base's. These Jiitrognm i)as(‘s eonsi.4 
of various types, namely, pyrndo, pyridine, and glyoxaline, whieli 
by further (‘.ondensation with activated formaldelwde giv(' iiuh>le, 
(piiuoline, osoqiiinoliiK', and xantliino derivativ(\s. in eas(*s where 
sucli is possible the.se ])nses eondeii.s(‘ 'Aith tlu' y-amino-aeids to 
give the substituted y-umino-aeids siadi as histidine, t ryiJlonlian, 
etc. Tlu' excess of nitrogen bas('s und(n'goes further eonden.satio]) 
to give alkaloids, v liilst the substituted v-amino-aeids interact to 
give proteins. The nxiriiiioss with \^!ii(d! all tlu'se reactions take 
jila('(‘ is <lue to the eardinat fact that tfic various cnnipounds are 
IH'oduced in higdily reae{i\e p!ias(‘s, analogous to ili(‘ iiiiddv reactive 
phase of formaltlehyde wiien ]d)ot(fsyiit}i(n ieally formed. Tliis 
reactivity enaldes eoiidcnsarions to occur whi(di are ollterwise 
iiiipctssilile to I'lailise in the laboi’atory. It is a niatti'r of eiunmon 
kiiiovledge that these remdions must oe<‘ur in tlu' livinir plant, and 
our results show tliat the kip; to the prol)l(‘m is tiu- enhanced 
O'letivity of freshly syntlu'sisi'd molecules. 

In eomniunieating this report on lair nmh Wr would direct 
attention to souk* general eoiieliisions of gr(>at imjtoi-t.-iuee. Our 
resalts leave no doubt that 1h(‘ aeti\ated formakhdiyde photo- 
syntiietieally jirodueisl in tlu' living eliloropla.'^t leacts witli 
potassium nitrite with extraordinary i ase lo produce forrniiydr* 
oxaniic acid, \thieh at onc<‘ ju'oei'cds to (•oiidcnse with more of the 
activated formaloehyile to gi\e \ai'ious niti'ogeii ei/inpoiinds. ft 
billows from this that tlu' synthesis of Oie nitrogen eompounds 
found in tli(’ plant is not jihotosynilietic exei'pt in so far as the 
production of the activated formaldeliydi' by the. ehlorojiliyll is 
concerned. The. various aniino-at-ids, ]U’oteins, alkaloids, etc., 
are natural and indcaa! inevitable I'csiilts of the jrhotosvntlu'sj.s of 
foruialdehyde in tlie presence of potassium nitrite. Their forma, tion 
ha.s been considered by some to savour of tin* mvsterious, tlie 
mystery being found in tlu' question as to liow a plant succeeds in 
synthesising the very substances it jaa'piires for its existence. The 
life and growth of a plant consist in the utilisation of the })roducts 
formed in its h aves, There is no real mystery in the formation of 
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tljcse prodootR, tiio plant lias no choice in the matter, since ^itlj 
the given conditions of chlorophyll, carbonic acid, liglit eiicrgv 
and potassiiini nitrite the synthesis must follow its iiatnra] couvj;^ 
just as we have foujul to take place in vitro. 

A further conclusion of importance is that the region wlicro dip 
synthesis occurs must necessarily be restricted to the leaves. .Sinep 
it must not be forgotten that the synthesis of hexoses i.s taking 
place concuiTently, the coiiditioiis are perfect for llie fonuatioiuji 
glueosides and i)elie\ e thattlm products of the nitrogoi synthei; 
arc translocated as soluble glueosides. Tlie fact that njlropp^ 
derivatives are found m other parts of tlie plant cannot be accepter] 
as an argunumt that tiny niiist have been synthesised in tl)o>e 
]uirts. There caj) be no doubt that the synthesis takes place in 
tlm lca\'es and that the couipounds arc subsequently di.stribiiter] 
as soluble glueosides by the iionjial translocatory processes. 

Finally, we u’oukl direct attention to the fact that in the varirms 
stages of the nitrogen synthesis oxygen is evolved. It is intereslin^ 
to note the presence of the enzyme catalase in I lie leave, s which lia. 
the power of accelerating the loss of ox^’gen by \urious couipoinKb. 
■\ cry possiblv loo it is this enzyme that causes the rediictinn d 
{jolassiuin nitrate to nitrite, 'bhe escape of oxygen in the vaiioiis 
, stages of the nitrogen synthesis is theref(n-e certainly not antaiiii. 
nistie to the conditions known to exist in the plant. As already 
.stated, tlie (‘vohitinn of oxygen in our experiments wa.s proved ty 
the oxidation of considerable quantities of formaldehyde tn formic 
acid. 

Tn conelush.n, wo lender oiir thanks to tlie l)(q)artmeiU of Sekn. 
titic and Tndustrial Jlesearcli for a grant to one of us (D, W li i 
which has enabled this invodigation to he carried out. 

'ri!K Umv raisr-rv, 

LiVKimooi,. [n,r> ;n<J. April 22, ui. lUi:!. 


eXXXT.— TAe Polamum Sail of llmihydroflmii- 
dihoron. 

By Eames CfiAxniu R.ay. 

It iias been shown in conjunction with Travers and Gupta (Pam- 
phlet, H. K. Lewis and Go., 1910) that wiieii magnesiinn boride, 
prepared by heating an intimate mixture of 1 part of boron trioxide 
with nearly parts of magnesium powder at a red heat, is treated 
with water, hydrogen is evolved— rapidly at first and afterward- 
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JJIOIV Howly— but practically no niagncsiuni borate or boric acid 
i< protliieod. The hydrogen evolved contains only traces of boron 
iivdrides, which impart to if., a characteristic odouV. The solutions 
ni.taiiied show the remarkahh' prfjperty of evolving hydrogen with 
hri.dc eflervoscence on addition of acid, and the acid’ific(rsolution 
:ihKorl)s iodine. Tliey are very nnstal^le anti decompose at the 
ordinary temperature witli e'volntion of hydrogen, OoiK'rallv 
.lieakiov. the boroliydrate solutions l)chave. toward.-; organie and 
;};Oi' 2 :'an!c eompoiinds as powerful reducing agents. Thev ])fe- 
(ipitatc the IicaA”}’ metals from solutions of llioir salts. \Vitii 
cojipcr sulphate, a red precipitate of cop])er hydridf', whicli is 
<olid.)]e ift potassium cyanide, or a black |.)r'(aipitate containing 
copjjer and boron, is tlii'OW]i down, according to the .strength of 
the solutions. From an o.xten.sivi* study of tlu'sc solutions, it wa.s 
ennclmlcd that the .solutions eonjained tlie com])oiiud which might 
he r(‘])rescntcd by the empii'ical foiaunla v.itli a certain 

■imount of magnesia. On keeping thc.se solid ions in a sealed tube, 
jwrtiCiilariV after addition of ammonia to them, a ciiange took 
pi.ice involving an inci'(‘as(' in the rpiantity nf livdrogen whicli 
(OuM he eliminaif'd by tlic addition of ;u;id. It was therefore 
siigg('sted that flic .solutions eontained t’,*,o emnpnmitl.s ))artlv 
repre.sented by I fie foniiuhe and //,J 1 , ll,( ),„ where H 

v.as tlie hydrogen givc'u otf on the addilion of aeio’. Tiie ratio of 
the hydrogen ('Vol\('d un the addition of a(-id to the iodim^ wlueli 
v,,i:; absorbed by tlie acid solution also supjiorted this view. Tf- 
•nay adohd that tlie elimination of three alojii.s of hydrogen ;i1 
■I liinv from a eompound of tlie fonnula. Itf.lFtX would I>e very 
liliieult to (CApiain. It was found that the re.sidue obtained on 
■■\'aj')nr;iting (lie solutions alv.'avs eoiitaiivs] magnc.''ia and water 
in eotiibinaiion, and that the value of tlie ratio IF'(,Mg{) g- 
)wis very nearly 2, ^vlliell .suggests tliat on<’ of the two compounds 
ft.as the formula H JF0.>,1 FC). 

Xcillur of these compounds nor their iiiagne.siiim salts could, 
however, he isolated from the sedutions, It was considered that 
tlie pota,ssinm salt would probably ho more stable, and the present 
nivo.stigatioii was undertaia'u with a view to isolate the |K)tassium 
;^alt of one or both the i.somcrides. 

The magne.sium boride was ])re[>ai'cd in thc^ inanner described in 
the painplilet already referred to, and only those samples were used 
HI which tJic reaction between boron trioxide and mag]ie.sium 
powder was coTuplete, 'which "was indicated by a gentle deflagration 
which took plnee when the mixture waas being Iieatcd. The solution 
obtained by the action of water on magnesiinn boride Avas treated 
^vith A 720 -pota^ hmi hydroxide until no further precipitation of 
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magnesium liytlroxido took place. It was (piicljy filtorLH] 
the solution OA^aporated in a vacuum at the ordinary 
and fractionally erystalJised. The first fraction contained, ohif||., 
potas.siiiiii metaborale and magnesium hydroxide. The 
draifie<l off through a vnu'y .s)nall filter plate, and from this a CTv.tj,', 
lino de])osit was firiall\' oljtainod vv'bon nearly the whole of the Wiiii- 
had (waporated, indicating that the substance was liighly 
in water. A large cxc('ss of potassium hydroxide was rauif|i,i 
otherwise on eraporalion a viscous, syrujyv residue was oht;iij^i.,| 
from whieli it uxis exti'eimdy difficult to separate tin- eivstallii.;. 
siibslaneo. Tlie crystals obtained in tliis way from a large nuiiiln-j 
of fresli solutions were collected, the (piantity obtained fnan ok; 
solution being very s?nal(. Wlum a fairly large amomit of ilj,, 
substance ijarl been obtained, it Avas washed witli imdliyl aloi!).,; 
in whieli if is not very soluble, in order to remove jKiiassm., 
liydroxide. It was r('Ci 3 'sta)]ised t^vo oi' three times in a va-'initi; 
fnun water free fi'om carbon dioxide, whieli ajipenred (o hn). 
al)oid partial deeomiiosition of the snbstaneo. 

It was found that the same siihstanee eorild ohlejmsl siniii-. 
W'hat mor<‘ (sislly if (in' magnesimu boride was dinndly (I'eau-fi ivo. 
dilut(‘ potassium ]iydro\i(h' solution. The s(»hi(ion ohtaiiird i;. 
tills way heliaves very similarly to that obtained b}" the actitu!..; 
w.'itfT and contains only traces of magnesium. In tin's (an- ah' 
tile conceniJ'a! ion of the substance in the solution, althougli gn-ji-r; 
than that in the atpn'ous .solution, is limited. This supiiuip; t‘ 
vi<nv tiiat tiie soluble solid compounds of hunm, hydrogcj). V: 
oxygmi are foi'ined as a jssult of secumdary reactions; ;ni (‘y- 
librium apipears to be e.stahlishcd, afti'r whicT furtliiT eonceniui:;' 
of the sultsfanee does not take' place. Tlie .solution olilainol ;■ 
the action of diiuto potassium liydroxide* on magnesium hoi'iik* 
not contain much fn'c alkali and was treated in the saiiK* itwiin-; 
as de.scrihi (1 ahova*. The difficulty of the pi'eparaltoii niil '■v 
e\'ident from the fact that not more than d to d gi'ams of tiir i riO'. 
.substance could he ofitained from (mcIi exti'aet, and altugcllxT nit:;; 
lU to 12 grani.s of tin* jiiire siilislaner* were obtaiiK'fi. 

The pure .'■ui list a nee is ooluurk'.ss and possesses a wi*11-(l(‘ti]V'.i 
crystalline form, prohahiy belonging to the cubic systca). li ;■ 
slightly delipuesccni and easily .soluble in water. It is quite .sUi'it 
p'lien presein ed frc<‘ from carbon dioxide and moisture. .An iiqiiofc 
solution of vlu* substance shows an alkaline reaction, emhe 
Iiydrogen slowly wlien k'ft exposed to air, acts as a wivi’i'ai- 
reducing agent, and heluui's similarly to tiio horolmlratr soliiU!’'! 
(foe. cff.}. The salt is riocomj/o.sed by acids with (*vo]iitinii '■! 
large quantities of iiydrogen. String nitric acid acts on 
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substance vigorously and so iiiucli iicat is gejuu-atod that the 
tvdrogeii evolved catches fire. 

'a weighed quantity of the substance was dissolved in 10 e.e. of 
Jistilled water (free from carl)on dioxide) in a distillin-f Hash, 
which was then connected Vvitli a jnercury ]unnp ami evaeualed. 
Dilute sulphuric acid (25 c.c.) was run into llie liask and Ihe hydro^ci!, 
nolved was collected and measured. ddu‘ li(;{iid iri (lie jla.^-k was 
washed out into a stoppered hcjltlf* and k('pt in Ihe d-.rk for Ihna,' 
hein'S with 25 c.c. of f\ ^lO-iodirK' soliititan. dm' iodine alwirhed 
[)v (he acidified solution was detennined against a blank eApej-iiiu-iit 
;aiTied out in a sifuilar .stopp('red boti h'p'onlalninir 10 e.e. of tbs- 
tilled water, 25 c.c, of dilute snl|)]iuric acid, and tlie sa-nc qnunlitv 
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The aiuoiiids of liydrogen giv(Mi off by tiie aeiion of acid in the 
hive experiments are d-OO, 2-')2, and 2-!l2 |)m' cent. C)f Ihe sab. 
liie significance of tlie ratio l/K has bciai discusM-d fulU' in the 
iiuuplilet above referrcsl to. 

The ])()f;L.s.siiim content of the .substa.ncc was istimatial by dis- 
elviiig a weiglicd (quantity of the sultstanc" iii v ater and (.xidisino- 
( iy boiling witli strong ni(ri(' acid in a ])IatiiHini dish, d ia* boric 
icid formed wa.s removed by repeatedly eva])oraiing v.iib a mixture 
)f methyl alcolioi and Iiydrocldorie acid. The [Kdassiiim chlovide 
us tiiially converted to sulpiiato and weighed as such. Tor the 
•dimatiiai oi the boron content tlu' fobinviiig mctliod was adopt( d. 
A weiglicd (jUaiitity of llu' substance "was dissolved in n small 
quantity <if waiter and seuhal in a small bull) wirh 5 c.e. of strong 
nitrie acid. The bulb wa.s lumted on a waler-iiatb for three to four 
liciir.s, after which the contents wei'c ^\asiicd out and evaporated 
to dryness in a vacuum dosiceatiir. Tht' boric acid in tlie re.sidne 
was estimated by the Goocdi-Ro.scnhiadt method (Z. anal, ('faan*, 
1SS7, 26, 21) hiy distilling with inethyl alcolKd. The Irimethyl 
borate was condensed in a long, .spii-al condenser, through the 
outer jacket of which water, cooled by pas.sing througli a copper 
d^hal packed in ice, ivas circulated. Tito methyl borate was 
hydrolysed with kiioivn excess of pure lime, carefully evaporated, 
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aiul ignited. The inereiuie of va'iglil. of the lime gave the welglit of 
boron trioxide. The method gave excellent results and with a 
little care an acenraey of O-Of) per eeiit. could be easily oV^tained 
(bound: K — dO-Oii, oTdh. r>7‘-l-2; B -- Id-Oa, 15-9.), l(j.|(j. 

II ;^.oo^ ;>.02, 2'92. KO'BH,. oT-do; B - Uy]^. 

H - - 2'91: I'K'r cent.). 

The analvtieid refill (s ngn'C elo.':(‘ly with the theoretical valuo 
for K0-H:H. and it was ex])eet('d that this would also reprosf,,!. 
the molccuia'r eom])osilion- of th.(‘ substance, for in this ease heron 
exhibits its normal valency. Tiie measurement of the equivalent 
eonductivity of solution w'of the substance shows, hovower, tl,,t 
the substance possesses tin' tmileeular formula KoOoB^Hp and iii,t 
KOBIT,. The eonductivity nieasurcmonts at 2.>' gave the folh-win,, 
results 

r2S lni;4 

litS'S l-t:va IttVS I Is:, 

ii-s! enii o-aa man nasn 

/‘c .'Oi’-i l 

The ilil’fei'eiiei' in tlie ei|uiv;ilent coiiiiiLelivilii ■; ol A /lOTt- ami 
V T-'.-^elnlioiH ia li-t'l. niiieh neivt-, well with the Tallies olitainei 
foLdliliasie alkali salts liv Ostwahl {Z. p^isihil. Chn,., ISST, 1 
71), Walden (I'kiW., 1SS7. 1. .1:!!): 2, Id), and Hredi..; I,U. 

1893, 12, -'3H). 

The isiilatiiiii ef the eonnieiind KdJJiJI, rimlirnis (he |>i-eM-.iu- 
„f tlie eiiiniuiund in the, lioruiiydi'ate siilnlion, olilaiiieil i.y 

the aeliiin of water <in iii:iL>iieiiiiin Imriile, which gave off fear 
atiinis of iivdrneen Iw the aetion of acids, the ulher two atoms ,.! 
Iivdroeen heme rcnovaliie hy iodine. .Althougl, the resee.ee et 
two isomerie eommsaiids in the 1, on, hydrate seiiitim. was iniheaten 
iiv the study of these soiutions, only one of tlie isomernles eoiilil he 
i.uituted bv the aetimi oi initasdiiin liyihoNide. It is |,rol>.\lile lluii 
this repremnts the iiiove slalde in, 'in. .\ similar ehange was eamr.l 
in the hovohedrate solutions hy the aelion of ammonia and hy 
iiicrca.se of te'inperatiire. It should be nieiilioned in tins eoimexinn 
that in the aijneons solutions .studied liy T’ravnrs. Hay, and (.iijiia 
(for. r,7.) the. eompound y/iHdh,(), eonhl never be obtained tree 
from //..UiB.,t).), although in the ease of soliiliims obtaini'd iiialer 
certain 'eoiid'iti’oiis only the second comiiound appeared t.. he 

^ The aetion of acids on .solutiims of the salt H,B,(()K )2 and of 
iodine on the acidilied solutions may he represented b.v the eijiia- 
tion .5 (1) H,B,(OK)., - 211,80, o, 31x11.80, -r B.fOH), -• and 
(2) B (OH), d- I, B,0, -!• 2tll, rcspf'ctively. .It has been sluwMi 
by Travers" Ray, and Oupta (toe, r.ii.) that although the oxide 
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B.Oo is oxidised whcti Ijoiled in air, it is not converted into boric 
acid^by the action of iodine, iSinco tiic couipoiind is comparatively 
dable and under the action of acids loses foiiv atoms of hydrogen 
•ijid is ] 3 robably converted into the coinpouud whkdi in 

j|, turn is changed into the oxide 11 /), by the action of iotline, it 
iippcars to be likely that it posses, 'Xs a symmetrical constitution, 
having the four hydrogen atoms in adjacent positions. I’hen the, 
constitution of the compound mav’ be graphically 

written a, s 1 or 11 , and itsixacdions in add solution and snbsecpiently 
with iodine may be represented as foilows : 




H‘()H 

b Bd) 

{!•) 

MdthOH ^ 

B‘OK 

^ lid) 


IlhlhOH 

B-Otl 

b:o 

(11.) 


VbOM 

b:(v 


according as it is assumed tiiat boron is (iih!U[\ievaient or (luadri- 
valciit. The reactions [a) aj^pear to l)e more juobaijle beeause (d 


{!i<‘ j.xculiar ])ropcrti('S of tlu' oxich^ whieli is not oxidi.'ed by 
iodine or ci'vtain other reagents, and also because (u" their siiuilarity 
to those of FiUo’ogen compounds, it may also bo ixantcd out that 
the gi'OU[> ilhlli is protiably a dablo one, being also present in the 
compounds of boron ami hydrogen described l)y Stock and Frcderici 
(/>Vr,, 191'b 40. ib'dl), {(,» nhieli the foraiukx a])fl 

IljihUlI./iUbOBi i,, may i-e asn'mied. If may he '[xv-^siblc to isolate 
llie compound Haillk end liie oxide B.Xh from the potiissuim salt 
KjBo(OK) 2 , and it i.s intended lo make this the subject of a later 
cummimication. 

Slock and Kuss 1911, 47, 819) have .shown that a similar 
compound, to which they ascribe' tin' formula KOBK-^ is formed 
hy the action of either of the livdrides or Bdljo on })otassiinu 
iiydroxide. They is^Tited this .substanc'c fiy dissolving potassium 
hvdrovido in onv .'nnl ;\ Imn times its volume of water and treating 
it with B.jHin at ti . "i hr ivoperties of this substance are in many 
respects similar lo those ot the potassium salt described in this 
jiaper. Stock and Ivuss (/or. rd.) have not studied the action of 
acid on KOBH 3 , neither have tiiey detcnihned its molecular weight. 
It is possible that both the substances are formed in the same 
way; a more hydrogenatt'd compouiul is iirst formed, and this 
loses liydrogen and is converted into the second substance. 

'Ihc action of chlorine and brmniae on the hydride ITHy has 
been studied by Stock, Kuss, and Briess {/hr., 1914, 47, 31 K»), 
who have described the formation of a })roduet liuviiig the com- 



1094 BAY : THE POTASSIUM SALT OF HEXAHYDRODIOXYmnojrjj 

position Avliorc X represents a halogen element. 

hydrodioxycliboron, the potassinm salt of which is described [j 
this paper, may bo regarded as a similar compound in which , 
two halogen atoms have been replaced by two hydroxyl 
Stock and his co- workers have suggested that boron is qnadrivahT, 
in the ease of its hydrides and certain compounds derived frcjujj 
but except ill cases in wliieii the composition of the substance. 
doubtfufor the molecular formula has not been determined, it jj 
[lossihle to assign formula to all tliese compounds on the asstmij,. 
tion that boron is always teivalent or quinquevalent. The .pii. 
quovalent nature of boron is supported by the existence of 
pcntasul]>lnde, prepared by .Uoissan [Compt. rend., 1892, 115, T,[ 
and a fmv other compounds containing organic radicles such g. 
CcHyHCI,, (CKo):pB:XH.,, (aTIyO) 3 B(C,H 5 )*ONa, etc. The psi^r. 
oneomf certain udditivi' compounds of boron iiihaloids also siiggco, 
that boron is pentad in some of its compounds. 


SitiD/iinnj. 

(1) ddic presence of licxaliydrodioxydi boron, H 4 Bo{ 011 ) 2 , iiit 
solution obtained liy Ihe action of ^vater on magnesiuiu horitlc 
coiilirnicd. 

(2) The potassium salt, has been isolateil from the 

solution. Tliis sulNtaneo is also formed when magnesiuiu boiidt 
is direetiy treated With dilute potassium hydroxide solution, llif. 
formula of tlio eum])oiind has been established from aiialylicii! 

results and cuiuliudivity (leteriniiuitions. 

(8) d1ie properties of this salt have. Ix'eu d('scribed. It is fniily 
stalilc in al)setii'c> of moisture and carbon dioxide, and gciieialk 
beliaves as a powerful reducing agent. 

(4) The solution of tlic salt, which is highly soluble in watrr, 
liehaves similarly to the boroliydrate solution. 

(.j) Idle salt loses four alijins of hydrogen when treated uilli an 
acid, and the aeidifital solution absorbs two atoms of iodine pn 
molecule of the salt. 

In eunclusion, 1 .dioiild like to oiTcr my best thanks to l>r. M W 
dVavei’s, k.R.S,. for the \a!uahie suggestions and help I navi 
received from liim, )ly ilianks are also duo to Bnd. h\ 0. Ikaiiia!] 
ivK,.S,, for Ills kind eritici^m and interest. 


Cm\ J vK.^ITV Cor.I.UOK, 

c;ow;;!i STCiu r, U'.u, 1, 


/Oa/'-oh April 
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IkactiviUj of Douhlij-coRjugatejI Un~ 
saUiraUd Keiones. Part IIL Urisijnmietrical 
H ydroxy' and M dkoxy-de-r i val ivts, 

Ov Johannes Svhrandt Buck <an<] T.sidok ]\Iorri8 Heilbron. 

Jr has [ji'cviousiy been shown (Heilbron and Buck, T., 19:il, 119, 
);,()0} that j>dimethylaininoben/.aldchyde readily co]ifl(>nses with 
().hv(li'OAysiyr5d methyl ketone, in j;)resence of alk(di, to yield a 
(‘oinpleN composed of one molecule of I'-rlimethylainino-^diydroxy* 
(listvrvl ketone and one raoloenlc of p-diinethylaniinohen/aldeliyde, 
v.iiieli latter component can he roplaecul by other compounds, such 
•\j.hcnvAn\c, a\col\ol, etc. The abnormal behaviour of this substance 
iuducetV us to study In closer detail the methods oi preparation, 
vnd the properties ol other dcmhly-eonpr^ated mvsaturatcd Vet ones. 
On examining the hteratwro it was iouud that, although various 
^yunuetrleally substituted distyryl Vet ones had been prepared, the 
tmlv unsymmetrleal eompouud oi this class, eonlainhu^ a 2T\\droxy\ 
^reup, described, was ^-bydroxydlstyryl ketone (KostanecVl and 
liarou, Ber., ISOS, 31, 72S). Tlie authors have now coiideused 
e-hydroxystyryl methyl ketone (Harries, Jkr., ISOl, 24, DISP) 
with variou.s substituted beti/.aldehydes, in ilu' ))resenee of sodium 
liyfb'oxide. In general, the reaction pi'< )eeeds i'apidiy in the pn'sence 
(if strong alkali, so that by slopping tlu'. condensation after a deter- 
mined period, a good 3 deld of the linsyjnmetrieajly su}?stituted 
ketoiK^ is obtained. If other conditions ar(‘. aj)pii(‘d, s\ieh as more 
dilute solutions or a longer reaetif)n prU'iod, tlu^ yield is much 
dimnhshed, and tlie jncdiuit is contaminated with tin; corresponding 
symiuetrically substituted ketoin^s, nliich, as alreatly sliown (ITeil- 
hron and Buck, loc. cit,], tend to he [jroduei'd by tin; fission of the 
first-formed unsymmctrieril kcdonc. 

In this work, very definite limitations soon became apparent. Hi 
no case could a substituted lienzaldchyde, camtaining a p-hydroxyl 
group, 1)0 condensed by the al)o\ i'-(lcscribed ri'aetion, the unchanged 
reagents being recovered, or, on more vigorous treatment, oily or 
I'csinons substances being produced. Pfotocalechualdelnnle, vanil- 
lin, [i-resorcvialdehyde, and p-hydroxybe]iz,aldehyde were inves- 
tigated, but ia no ease could the. desired eoiideusatioii juuduet be 
obtained, even under the most varied conditions. A similar 
dilTienlty was encount(Ted l)y Perkin, Kobinson, and Turner (T., 
1908, 93, 1085), wlio failed to condense ^i-resorcylaldehjde with 
i-lmlrindojies, whereas jO-mothoxysalicylaldehyde readily entered 
into c(mdciisatioii (Perkin and Uobiiisuii, T., 190T, 91, 1075). 'that, 
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however, the inhibiting factor is not due solely to the presence ui ^ 
hydroxyl group in the para-position to the aldehydic group i< 
shown by the fact that both p-hydroxybenzaldehydc and vanillin 
readily condense with aeotojie to yield the corresponding sui). 
stituted styryl methyl ketones. On the other hand, we luuc 
failed to bring about eondoMisalion in alkaline solution hetweoii 
either protocatechualdcliyde or j^-rcsorcylaldchyde and aeotono. 
and the conclusion may thu.s be drawn that an accuniula.tion of 
hydroxyl groups in the aldehyde either inhibits the condensaiion 
altogether, or that condensation takes place, yielding the poly, 
hydroxy -unsaturated ketone, wliioli, wlien formed, inmiediatdy 
breaks down under the conditions of the experiment. 

In order to tost the validity of the latter dcduotioii, a conden^. 
at ion was attempted between o-hydroxystyryl methyl ketone and 
gentisaldchydo, in which no p -hydroxyl group is present. Thti 
result was somewliat unexpected, for although no unsymmcirical 
distyryl ketone was isolated as such, o-hydroxystyryl methyl him 
was recovered in a form hitherto unobserved, being obtained in 
eolourles.s prisms, which melt at the same temperature as llic 
ordinary yellow form, but exhibit very marked difference^ in 
behaviour. 

The difference betu’een the two forms does not appear explicable 
simply on the assumption of ckv- and iraiis-homerhm, such as lias 
been observed by Haber with pi])eronylideneaectono {Ber., LSIH, 
24, 618), hut is probably dependent on tlie presence of an o-hydroxyl 
group forming, in one case, a ring system with the carbonyl oxygen 
atom, in the manner postulated in Part i of these coinmuuicatioiis. 
The whole question is at present beiiig in\'es ligated in detail and 
will be dealt with in a separate paper. 

The isolation of this iituv moditlcatinu of o-hyeb'oxystyryl nictlul 
ketone appears to us only explicable on the assumption that cun- 
densation with formation of the unsyiiimet ideal polyhydroxy- 
distyryl ketone must actually have taken place in the lirst instaiii c. 
followed immediately by the fission of the labile condensatiou 
product. On this view, gent isaldehydc would function, untd 
completely resinified by the alkali iii'csent, after the manner of an 
ordinary catah^jt. 

The failure to isolate polyhydroxy- unsymmctrical dr-'iyryl 
k«tones cannot then be attributable to any peculiar projierly of 
the hydroxy -aldehydes themselves, Imt solely to the instability 
of such, ketones in presence of alkali, tins lidng most marked m 
those containing either a /j -hydroxyl group in one of the benzene 
rings or an accumulation of such groups, 

Control condensations were carried out where possible by the 
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coiivfii's® method of condensing salicylaldehydo with a substituted 
methyl ketone, but it was generally found that this reaction 
was unsatisfactory and tlic products obtained were oily in character 
and difficult to manipulate. S-Methoxy-t-hydroxystjTyl methyl 
ketone (vanillylideiieacetone) and jj -hydroxy styTvl methyl ketone 
failed to condense with salicylaldehydc and were recovered 
michaiigcd from the reaction mixture. 

The ketones described in the experimental ]>art have not yet been 
Pillv examined as regards their activity, but this is less than in 
the case of 4'-dimetliylamino-2-hydroxydistyry] ketone. None of 
the coinpoiinds combines with solvents, but the degree of additivity 
niav be gauged by that of 4'- met hoxy- 2-hydroxy dist}Tyl ketone, 
which forms additive compounds with m-dinitrohenzene and 
jj-dimetliylaminobenzaldchydo. The action of hydroxylamine, 
jhonylhydrazine, and somicarbazide on these ketoiv/s also appears 
to be aimormal. 

K X p E R I ir E X T A r.. 

:2-Dlh>j({rox]id\shinfl K<:ion(>, 

OH-CcHpCH:CK-CO-OH;Cll<'^TlpOK. 

-TwcUe grams of ?e-liydL'oxvbe]iZHkh‘liyde were dissolved, to- 
gether witli l(> grams of o-hydroxystyryl methyl ketone, in 70 c.e. 
of absolute, alcohol, and the solution ^\as treated with 24 c.e, of 
.'iO per eent. sodium hydroxide solutioit (4 juols. NaOK). After 
itaiiding for three lioiirs at room teinperatniay the solulien was 
diluted Avitli water, cooled with ice, and carefully neutralised with 
dilute acetic acid. A setni-solid mass was thus precipitated, which 
was allowed to hardtui and, twice erystallised from aqiu oiis aleolml. 
The kel(j]u> obtained in. ibis way was Hiiallv j)nri1ied by boiling with 
liciizciie, iu which it is very sparingly soluble, but which removes 
traces of some readily soluble impurity. It crystallises out with 
one molecule of water in (lie form of a yellowish -gremi, crystalline 
ni)wder, melting at 127“ with the production of a deeji green licphtl 
ildtimd ; C ~ 71-b; 11 - d'S. ( ’ refpiires (1 -- 71 *8 ; 

H • d-h per cent.). 

[n order to ju’uvc that the imdeeule of water is not constitntionah 
the (Ubcnzoijl derivatiM'- was prej^ared. It forms pale yellow prisms 
melting at 112 — 112'^, and corresponds with a simple dibenzoyl 
com]joinid (I’ound: C- 78-24 ; H -- d-SO. recjuircs 

b • - 78--18; K -- 4-(i4 p>er cent.). 

'!' • }h:th(>xif-'l-}}ijdroxijtVi!<iiir)fl Crams of o-metlioxy- 

benzaldehydo and 84 grams of o-liydroxystvTvl nudhyl ketone, 
dissolved in 2d c.e. of ethyl alcohol, were treated with 40 c.e. of 
!() per cent, sodium hydroxide solution (2 mois. NaOH). After 
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leaving the mixture to stand, the sodium salt, which had separated 
out over-night in the form of dull red crystals, was filtered of! 
suspended in water, and decomposed with dilute acetic acid. The 
crude yellow precipitate thus obtained {13 grams) wa.s purl (led 
tu'o rccrystallisations from benzene, using animal charcoal as 
decolorising agent. When pure, the ketone forms a pale apple, 
green, crystalline mass, melting at 129'’, moderately soluble in the 
usual solvents (Found : C — 70-9; H — 5-8. CigHjgOg requires 
C = 77-0 ; H = 5-7 per cent.). 

3'-MetJioxif-2-Ju/droxifdist!p‘yl Keionp.. — l.his ketone was only 
prepared with difficulty, very small yields being obtained. The 
following preparation was the best of several carried out. fj-jj 
Grams of ?n-methoxybcnzaldehyde and 8-1 grams of o-hydroxy, 
stjTyl methyl ketone were dissolved together in 25 c.c. of 92 per 
cent, alcoliol, and the solution was then treated with 40 c.c. of 

10 per cent, sodium hydroxide solution (2 mols.). After standing 
over-night, the niixturo was diluted with water, cooled with ieo. 
and neutralised with dilute acetic acid. The ketone was pre- 
cipitated in yellow^ flocks which, on filtering, tended to yield a 
gum-like mass, which became superficially brown on standing in 
air. By working up the product from a benzene-ether mixtniT^ 
with the additioTi of light petroleum, a yield of nodular yellow 
crystals (about 1*5 grams) was obtaiucHl. The remainder (jf the 
jwoduet formi’d a lim 2 )id yellow oil of unknown constitution, l-'ur 
analysis, the ketone was recrystallised from benzene, in which it is 
moderately .s;oluble. It forms .small, canary-yffilow, crystallijn' 
noclule.s, ajid melts at 128° to a deep green lirpud (Found : G - 77-1 ; 

11 = 5-8. require.s C 77'(); H — oA per cent.). 

- Methu.ri/-2-hi/dw.rydi'‘ityriiI Kf toiir.- Twelve grams of o-)iydro.\v- 
styryl methyl ketone and FhO grams of anisakh'hyde wii’e di.s^nlyrtl 
in 70 e.c. of absolute alcohol, and the soIutio]i was treated wilh 
1(> e.c. of 50 p(U' cent, sodium hydroxide solution (2 mols. XaOll). 
On .standing at room tenqierature, bright red needle.s <4 ilie ioidiiiiii 
salt .separated out. Thcsi* wore? suspended in ice-water and de(‘o!ii- 
po.sed with dilute a(adic acid. .A yellow, gmniny product scquiratcd 
which, after hardening, was liltered off and reerystallised frern 
aqueous acetone. For aualj'sis, it wa.s i'('rrystallised twice froiii 
ciiloroform and finally from henzeno. The ketojie forms tiny, 
yollow needles, melting at 139 to a g['een licjuid. It is moderately 
soluble in henzene or ehlorofonn, and very soluble in alcohol tw 
acetone (Found: 0-764); H -- 5-7. reijuires ('• 

77*0; H 5-7 per eojit.), 

The \>dlmfihj](miHoluui::(ildrhiidv additive jwoduct is nMoily 
obtained Ijy dis.'^oh ing eqiiinioli'C'ular portions ul the aldehyd<‘ and 
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kftone in the minimum quantity of hot absolute alcohol, and 
allo^nng the mixture to cool. The conipouiid separates out as 
lemon-yellow prisms, melting at 91- -92^ (Found: C-7o.3; 

= 6'5. C27H27O4N requires C = 75*5; H 6-:i per cent.). 

Tlie m-diniirobenzene additive product, prepared in a similar 
manner, is obtained as an orange- coloured, crystalline powder, 
limiting at (Found : K = G'2. C2iH2o()7X2 requires X -- 6-2 
ppr cent.). 

3^ : -D{7nethoxy~2-hydroxydistyn/l Kdone, 

OH-CeH,-CH:CH*CO*CH:CH-CV,H3(OMe)2. 

— lG-4 Grams of veratraldehyde and 16-2 grams of o-liydroxystTryl 
methyl ketone were dissolved together in 40 c.c, of absolute alcohol 
and treated wdth 16 c.c. of 50 per cent, sodium hydroxide solution 
(2 mols. XaOH). After the mixture had stood for ten minutes, 
1.10 c.c. of water were added. The whole soon set to a solid mass, 
which was now again diluted 'with a further 100 c.c. of water. 
After three hours, the brilliant red needles of the sodium salt were 
filtered off, suspended in water, and decom])()sed with acetic acid. 
A yellow, gummy mass, which hardened on standing, was thus 
obtained, from which, however, the ketone was extremely difficult 
to obtain pure. Better results 'were obtained by hr.st recrystal- 
lising the sodium salt from an alcohoF-elliyl acc't'ite mixture, then 
suspending it in benzene, and decomposing it with the exact amount 
of glacial acetic acid. On heating the inixiun', tbo ketone Avmq 
into solution and, after filtration, was alloueci to crystalline onl. 
This product was then rejiealcdly rccrystallis(‘d from benzene, in 
which it is only moderately soliilde, animal charcoal la-iug used n.s 
dccoloi'isiug agent. The k(done consists nf aiiph'-greiai. rhoi'ohie 
crystals which melt at 140— 14F with tlu- imodu efion ef a deep 
green liquid (Found: C-Tli-o: H---,V 9. rtapiires 

C - 7.‘h0; H r- 5-8 per cent.). 

T : V - ^! Hhykruidioxyddiydroxydid yrj;] (V5 Grams of 

e-liydroxy.styryl mcth\'l ketone and 5-9 giums of ]>jiK>renal were 
dissolved together in 100 c.c. of alisolute alcohol, and th.e solution 
was then treated "witli 32 e.e. of 10 per cent, sodium hydroxide 
solution (2 mols.). After standing tliirtv hours at room tem- 
perature, the mixture diluted with iee-water and neutralised 
with dilute acetic acid. The bright yellow ])ro(liiet was alhoved to 
harden and crystallised from a mixUire of alcolud and berizene. 
Yield (crude) 1(T5 grams. For analysis, (lie ketone was recrystal- 
iised three limes from alcohol-benzene mi \t lire. J( consists of 
goUlen-yellow needles, melting at 170 — 171' (slo\c luailing) with 
ft'iiihiug and deeompo.siiion. Tiie compdund is modoratelv ^ailuble 
in alcohol witli a y(4]()w colour, but only shghiiv .soliihlo in benzene, 
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the solution in tliis case being more nearly orange in colour (Founa 
C = 73*2; H = 4-7, CigH]404 require-; C -- T.vn; H 4.^ 
cent.). 

2-H }}fhoxysliir^jl Furfu njJi(k.ne>nelli yl Kdone, 

^ OH*OeiiyCH:cii-cO‘OH:oH‘r.iir,o. 

— Sixteen grams of o-hyclroxystyryl metliyi ketone and 10 ^ranK- 
of fiirfuraldcln^de nere dissolved in 70 c.c. of absolute alcohol, an,; 
10 e.c. of oO per cent, sodium hydroxide solution (2 inols. XaClI', 
tlion added to the mixture. As heat was developed in the reactioi.. 
tlie mixture was diluted with 50 (‘.e. of water and eoolivl 
ice-water. After standing over-niglit, the reaction mixture w.^ 
])Oured iiito 700 c.c, of ieo-water and ncidralised with dilute ao-.!;, 
acid. Tlie ])roduct, wliicli had an ochre colour and the appoantnii. 
of a .-^ohdihed oil, was recry .stalli.sed from ethyl aeeta((\ livji;., 
animal charcoal. Oiily a small portion wa.s thns obtained crV'-Uil. 
line, the rcniainder being oihx Im)!’ analy.sis, th.e crystalline 
was recry.stallised tliree times from absolute aleoliol, and, 
once from benzene, in which it is rather spai'ingly scluhlc. 
ketone forms hriglit radlovr', gli.stening j)risms, nudling at 102— l(i;| 
with violent frothing and the production of the characteri.stic (Imh 
green liquid (Found: C --- 750 ; il 5-1, CjdlV/b rcriiiin..; 
0 75-0; H — 5-0 per cent.). 

Xf tr Modlfu'dt ’wn of n-Hydrux'iislyryl Mclhijl Kdani , 
OfbCJlyFHiCtkkbFli... 

5*4 Gram..; of o-hydrox_y.styryl methyl ketone and 5-1 gran!, d 
gentisaldeliyde weix; <liss/)l\ tnl tngctlun' iii 50 e.c. of iitiS(ilnle alcolinl. 
and the solution was tlieii tre-ited ^\'itI) I ]il^'ls. of sodium hyilnixii;. 
{5-3 grajus XaOlf in 7-5 c.c. of wat(>]-). Afti-r a few niinuti-, 
10 e.e, (d water voa-e added aiid. .-^lita’tly afterwaj'ds, a dai’k seki 
eommciu'cd to separate mit. The vlnile was hdt over-night .:tik; 
tlie deep brown iiiixtuiX' lien diluted witli water and neiitraii-r.! 
nith dilute acetie acid. As \ c;'v httk^ solid separated, the sohuifai 
was accordingly .‘^al nrateil vitli luha* and extracted wiOi etlim 
After drying over (alcium chha'ido, tlu' etlnn' was {hstjlled nlf ai.i 
the residual oil innnediaTcly tcikf'n up in hcti/aaie. On staiidli!;.'. 
2*5 gi’am.s of a fainliy yellow solid separated out which, after tuk" 
recrystallising from boiling Ijcn/.ene, using aniimd charcoal, wa-; 
obtained in I'lim. (‘olouriess pi’i>nis, niehlng at 130"^ ami sliov.hig ii'i 
depression when niixod with a sp(‘eimcn of tin* original o-hydro.\_v- 
.styryl methyl k(‘tono (lAriind : (' 73-0 : H ()-3. Gj„li.,,(b 

requires G : 7.['!. ; II • • <i'2 jan' cent,), 

Y,-}Iydroxi}f)i}i)'}fl Mdkyl K(loi}‘\ Tli(' only modiod gTen in tla.' 
literature for the preparation of /nliy{lr{).Nys[yr'vl methyl keteme i-' 
that of Zineke and Muhlliaiisen {Ber., 1003, 36, 134), who obtaineil 
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ll]C compound in poor yield by mcani^ of acid condensation. We 
hare now prepared this kotono very conveniently by the following 

method : 

Four grams of p-hydroxybenzaldeliyde were dissolved in 15 c.c. 
.f acetone and tlic solution was then treated with 5-3 c.c. of 50 per 
sodium in-droxide solution (2 mols. XaOlI). Ten c.c. of 
water were then added and the mixture wa.s gently armed for a 
few moments. By the following day, thes ^cllole had solidified to 
-ui orange-red, crystalline mass, which was dissolved in water and 
decomposed with dilute hydrochloric acid, when a golden-yello^v 
oil which solidified on standing, sepaT'ated out. The yield was 
practically theoretical. After recrystallisation, fir.st from dilute 
•metone and then from boiling water, using animal charcoal, the 
ketone was obtained In long, almost colourless nc(;(].]es, melting at 
114 -115^ (Zincke and Muhlhau.sen give tlie melting point as 
l(}o_f03A {Found : C 74-0; B — b-3. Calc., C = 74-1; 
H - 0-2 per cent.). 

In conclusion, w o desire to express our thanks to the Department 
of Scientific and Industrial Kcsearch for a grant to one of us (J. 8. B.) 
which has enabled iliis investigation to l)e undertaken. 

DtrAKTiicxT OF Organic CnL.Misiuv, 

TiiR UnivcRSiiA' OF LiYEuroOL, [Rrccivrd, Maj ](.!//>, 102:].] 


CXXXllL— »S7(((/('c.s of tin (’unslilution of Soap 
SoMio7is. Sodium Behcnal! and Sodium A'onoak. 

By OiiiEL Joyce FlI'.vkkk and Bili.ice.st Iaylou. 

Pimvious communications have been devoted to the study of 
suhitioiis of salts of the saturated fatly acid> containing an even 
iiuinber of carbon atoms, froJii the acetate up to the stearate. 
Bata arc now presented for sodium nonoat e, as rei)resenUiig soa])s 
with an imcveii number of carbon atiUJis, and fur sodium l.x'iicriate 
wiili its twenty-two carbon atoms, lying almost beyond the range 
(if the soaps proper. 

Xonoic acid was chosen because it is the only ai-id coiitaining. 
an uneven number of carbon atoms which can ivadih' be obtained 
in a state approaching purity. The numerical data for sodium 
nonoate are here found to he betweini tho.'^e of the ocioate and 
the decoate, showing that the soaps of uneven carbon number 

* Forreferer,' see McBaiii, Laiiig, and Taylor, this vol., [v 621. 
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fail rpgulariy into the serios and are intermediate in propertir^ 
between the neigliboiiring even soaps. This is what might, 
been expt^cted from the properties of such a synthetic acid hn 
inargaric acid (L. Schneider, Dissert.^ Miinchen, 1913). 

Tiu‘ piTtjiertie.s of the .sidiitions of sodium beheiiatc present inter, 
esting arid only piartly investigated problems, duo on the one hiimj 
to the ^'ery great possibilities of nndercooliiig, aiid, on tin* cthcr^ 
to the lendeney of beheiiate to separate from solution. Tiic 
erpnlibria iiua^h'ed are, Iiouto er, of the sajue general type as 
in the ordinary soap solutions. The arnount of ionic nhceilc in 
coucenti'atcd solution does not dilfcr greatly from that in the otlivr 
soaps, but neutral colloid is much more largely developed an-], 
like tlic ionic niiecdlc, persists in nioiv dilute solution. 

The data in the present paper ifielude conductivities, osmotic 
aeti\’ities, and densities of solutions of both .soaps in additioti lo 
observations on j)hysical behaviour. 

K X r ]'J R I M £ N T V L. 

The l)elienic acid was obtained through the kindness of 
('rosliehl and Sons, wlio made it specially by hardening luilil- 
l)auni's criude Judd, It was purified l)y reerystallisation from 
SD per cent, alcohol, it.s molecular weight as ascertained by tilratkin 
before atid after treatment being 343‘2 and 340-0 (theory 34tK|:, 
The inciting jioint of the recrystaliised material was Si-O— 
.mwer, Bi-'od, and Soyka (d/o/iuM., 1913, 34, 1113) give the melling 
point of the purest acid they could obtain as 82— 84^ but tlicv 
state that if it is prepared from imfiure acid or left too loiu' 
in contact -witli the catalyst, impurities, wdiieh lower the melt- 
ing point but cannot lie detected analytically, are obstinately 
retained. 

Pure rionoic acid ivas obtained from Tvahlbaum. 

'j’he cxjieriinental method for' the determination of the con- 
ductivity was that used by i\IcBain and Taylor {Z. phjsika!. f.7am.. 
191 1, 76. 179) using gla.ss cells in every case but that of the half- 
normal solution. 

Owing to the high viscosity of the sodium beheiiate solutions 
it was found imiiossible to determine the conductivity of solution 
of eoneentralions higher than half-normal. Even in the ease (U 
'this solution (half-normal) the difficulty of forcing the dipping 
electrode vessel into the lirpud, and the entrapping of air biibbliv 
which could not be removed, may have led to results which areknvci' 
than the true conductivity ^'alues. On the other hand, all solution 
of sodium behenate showed a tendency to separate, even al 90 - 
into two distinct phases, a stringy curd and a thin, alkaline liquid 
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/^p|,roximately iV'/20). This read}^ separation and tiic; frothing 
(if dilute solutions raaj^ account for the deviations iti molar 
(.(riduclivity of dilute solutions of identical strength. 

The densities u’cto detormincf] as in previous conimuiiicatioiis ; 
^,.,(•1] value given i.s the moan of two independent measurements. 

j'lie .sodium nonemte solutions ^\-crc made uj) in .silver tubes 
■n-eoi'diug to the metliod previously de.scT'ibed (T,, IbU, 105, 418), 
lidim’ lumoic acid ” Kahlbaum.’' All measurements were earrled 
ill Jena-glass ve.ssels. All the solutions wcia clear at tlic: high 
U'liipcrature, although on cooling or long .standing a line sediment 
ahvHVS settled. This is in aecordance the observations of 
biiiiiiuri' and Martin (/oc. cit.) ivith solutions of octoates and 
iK'Xoule and is presumably due to acid soap. 

Condiaiinif/ and Osaiotic hala. 

The conductivity results for belie nates and nonoat css are collected 
ill Tables I and II, and the lowering of dew point for the nonoate.s 
ill Table 1 11. All concentrations are expressed in weight normality. 
Several independent solutions were studied in each case. The 
{•(iiTesponcling determinations of osmotic activity for the behenates 
were made and recorded by i\IcBain and Salmon [J. .4/>/cr. Chfan. 
Soc., TJ20, 42, 42b; Proc. Poij. Aor., 1020, [dj, 97, 44). 


Tablk I. 

Conductivity of Solutions of Sodium Behcnate at DOC 


Wei -lit 
liormcility. 
tieitlO 

Grams of 
soap to 
100 grams 
of water. 

Sj)oc. cond. 
O'O:]400 
o-oaiii 

^leaii. 

0-90 

snsm 


-r-lW) 

oanillii 

O'OlKiiV 

0'Ulil!ll 

O'Olll't 

U'Olll:} 

o-9o:)l 2 

1.1-99 

O’lao 


O'Oll.tSOfi 
( rtKiUGLM 
truo02:>0 

0 UiHi2t4 

U4K144 

0.-U9 

il'lloO 

1-Si2 

0'UO:)!t7o 

U'(Ki;n;si 

0'iio:}j2s 

o-eti372s 

triM.io; 

Vs-oS 

illllu 


(fllOl is-t 
(i-iidL'IS-t 
u-(ioi4i:i 
O-OlU Kill 

O'Ouioti;) 

0-: ISO lit ^ 

1 tI-7 


* Taken equal to tluu tii water. 
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Table II. 

Conductivity of Solutions of Sodium Nonoate at 90\ 


Grams of 
soap to 


Weight 

100 grams 





normality. 

of water. 

Spec. cond. 

.Aloan. 

df. 


1-000 ' 

18-018 

0-08704 

0-08910 

0-SS07 

0- 1)82 16 

ll)(i''i 

(O-dOO 





127-0) 

0-200 

3-6036 

0-02807 

0-02826 

U-02817 

0'900.>5 

15U-41 

0-100 

1-SOlS 

‘0-01582 

0-01577 

0-0 1580 

0-0672 * 

iGC-tii 

U-020 

0-3604 

0'003716 

0-003661 

O-003690 

0-9653 * 

191 

0-010 

0-1802 

0-(l01955 
0-001 SOI 

O-001023 

0-0653 ^ 

lOli-S 


* 'i’akan equal to that of water. 





Table III. 



Osmotic 

Activity of 

Solutions 

of 8udiuni 

Aoiioatc 

at OO'. 


Wciglit 


0.sraot ic 



norniality. 

A„C- 

uctivitA'. 



0-2 

0-16,: 


1-71 



0-.") 

0-36 


]-4!l 



I'UU 

0-52 


1-08 



It should bo noted that the osmotic aelivities of tlu' noiinai'' 
solutions are internK'diatc bciweeii those of ilic octoate atui Iik 
decoalo (compare the (lia^frraiiis of 31c‘ilain and Salmon, loc. r-V. 
The conductivities are about 83 to 88 per cent, as great as \\m 
of sodium acetate and thus fall into their ex 2 )ected places. Th 
eonductivity increases regularly ^\'ith dilution. 

The conductivity of the behenate exhibits a very decided miniiiiun; 
at The ]]iinimum is juore pronounced and occurs ai « 

slightly higher concentration than in the case of the ordiiwi'y 
soaps, althougli tlic general form resembles that of sodiii]]] 
palmitate. Ouing to tlio impossibility of extending the observ;;- 
tions to high eomaaitrations it cannot be decided wliethcr or !! ■: 
the conductivity would again fall oil iti ^■el'y iiigli coneentralioii. 

At room temperature, especially after long standing, all he 
nonoato solutions deposited a slight sediment, althougli the frisii 
0-IAu,-solution was clear when hot and freshly made ; the Aa-sobi- 
tion was clear even in the cold. The sediment is presumably adil 
soap. 



studies of the constitution of soap solutions. 1105 


The ConstiiuenU oj the Soluiioti.^. 

['sing tlie methods previously described (.McBain, Tayloj-, and 
Laintr, Joe. cit.) it is possible to deduce the concentrations of each 
the constituents present in tliese solutions, The results, as 
calciiliited by Miss M. H. Norris, are shown in Tabh^s l\' and V 
<nul lugs, i and 2. Fig. 3 contains for coin])at'ison tlie re.sult.s of 
similar measurements and calculations for s(jhiti(.ms of 2)ota.ssium 

liUirate (Ci*,). 

Tabli: 

Cimcentrations in Itelative Proportions of the Fonstiluents of 
Solutions of Sodium Belu'nato at 1)0 \ 


" ^ ‘r 

nor- 

Total 




lonlt- 

Xeiit I'rd 

Acifl 

mality. 

cryst. 

Xcd. 

Be', 

XiiHi'. 

inicellc. 

csdloid. 

soap. 

O-ol 




(I'itOIMli! 

O'OII 

tt-Oti 

t)'0021 




4.a'()(i 

:Mm4 '1, 



21 

n-Oa 


o-uir)08 

0-01 IMSO 

(I'Oifi'm 

O-IIO 

0-00 

0-004.7 




■27'l(i 

OS'S.') 



0-0 

0-2 

Old 

0-()4T 

0'(i2S 

o-nn 

(I'ld!) 

ii'03.") 

o-oo;; 



23 a X, 


a7'.“) 

II':. 

17-a% 

l:. '7, 

0-a 

()-2:> 

O' MS 

(fOK) 

0-072 

(1-138 

ti'274 

O'Ota; 



■ilMi T, 

2'tJ 

U'4 

27'ii 

.74 -S 

1-2 'h, 

t" Acid 

snaf) i 

IS ('.^pressed 

in terms 

of bi'lK'iiatc 

t'adl<-le. 

Tin' allot incut of 


totiil (■olloiU ionic rnicclh’ and ncutra] cojloiiL and of cryslalloid 

hmveeu bclicnate )Oii and isiinplc so<linm IjnlK'naO’, is niadt' in accordance 
vitii the conductivity data for O'OoA ,j-solvnioii {K un.j:i2-l); had the 
comlucUvity for O'OiA'^, -solution been used instead, ilie alteration wonld 
have affected dihile solulions only, incrensiug iieuirLil eolloicl ul the exjtense 
of ionic micelle and causing it to ])('i'si.>t iit more dilute solutions. Tlie acid 
soap is prcouined to be similar lo that of ilic I'alnulalc. 


Table V.v 

Concentrations in Pvchitivc Pro] lort ions of the Constituents of 
Solutions of Sodium Xonoate at DU". 

Weight 


nor- 

mality. 

Total 

cryst. 

Xa‘. 

Noil'. 

XaXon. 

Ionic 

micelle. 

Xeutral 

colloid. 

o-or 


0'UOSti2 

O'00S02 

0410138 

0*00 

O-oo 

t)'U2 


80 '2 

0*0 Ida 

SO- 2 
O'idOa 

13-8 y, 
ii'0li;5.7 

O-OO 

O' (10 

(l■2 

O' 342 

S2',5 

O' 130 

0’130 

tl'O.Sj 

icon 

- 0012 

(I'O 

0*74,73 

0.7 

0*272 

0.7 

O' 2,73 

■1 1 c,, 

11 '220 

O'Oli) 

- - U ^0-1* 

o-iios 

M) 

l'07(i 

.74 '4 

0'4:!S 

-70-0 

0';io7 

44-0 

11-33 1 

3*8 "o 
t)*];;i 

I'O y, 

0 231 



43 -S 

30-7 'A, 

33-1 y, 

13-1 y, 

23-1 


t Tlie^inall amount of acid soa[) i'< mU includi'tl in the tatde or the corre- 
sponding diagram. The ooiistaiii used for allotting crystalloid was 1\ d’olUh 
VOL. exxf, Q Q 
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Comijarisou of Fig.s. 1 and 2 in the light of the intcnaodjatf 
member siiown in Fig. 3 shows clearly that the difference boi^vocr, 

Fig. 1. 


The relaiive ^wporlions of lha vtirious condituentii of solutions of purr s:,,!’ 
hehenute at 90’. {The asterisk marks the field showinf} the pronn-r"' 
of arid soap, 2XaBc,HBe, present). ' ''''' 



U-LV U'3.V 0'5.V d-TA' 0-9A^ MA^ 1-3A^ j-.u 

Total concentration of solution. 


Fig. 2. 

7'hr rdative proportions of the various constituents of solitfiovs of pur- 
Sodium nonoatc at 90’. 



Total tv nee tU rut ion of solution. 

the ]iighe.st and lovdcst salts in this homologous scric.s is iii' iGiy 
one of degree, exhibiting steady transition. The chief differenoo 
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is that highly concentrated solutions of the lower nioinbers corre- 
spond with moderately dilute solutions of tlic highest soa].)S. Tlie 
(iiagrams for the highest soaps are compressed towards the left- 
lianii side as compared with the lower soaps, but the type remains 
the same. 

Sodium acetate is not so highly dissociated as sodium chloride, 
phis ^weakness is rapidly accentuated as the homologous series is 
iiscemlcfh until in the belienate the greater proportion of the 
ervstalloidal matter is undissociated. 

Fic;, Z. 

Xhx r<k(liv<' proportions of the various constilw nis of .solution of purr poiassluin 
tauratc at 00“. {The astprisk * marks the fUU showimi the proportions of 
acid soap, 2KL,UL, prcsait. 



Tliere appears to be no such great dili’ercuee in the amount of 
ionic luicelle attained in concentrated solutions^ although the 
disMK'ialiou of colloidal electrolyte into ionic micelle is unmi.'- 
takahly least in the highest soaps. 

The most [)rominent elfect of these rdaiionslidv- is tliut the 
amount of neutral colloid in ordinary soltitiims increases rapidly 
^utJi each .step in ascending the homulogou,s .series, .>a tlial. for 
instance, in a half-nurmal belienate solution the amount of neiural 
colloid is twice as great as in the same concentration of tiie 
pahuitate {0^,.), 

riiere Ls still no very satisfactory information with regard to 
the ehect of extremely high concentration on a soup which in 
nioderatc con ..ntration consists entirely of neutral ctiiloid and 

QQ2 
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ionic micelle, it is surprising that further concentration 
not appear to drive back the dissociation of the colloidal electrolyte. 
The approximate constancy of tlic proportion of ionic micelle dopoiKls 
of course on the assumption that its mobility is likewise m^arlv 
constant. The proportion of ionic inicelle becomes conslaiu at 
about 40 per cent, in the laurate, at 30 per cent, in the palmitat,. 
and at about 38 per cent, in tlie behenato, the renmindor Ix'iiig 
neutral colloid in each case. 

A i>})C({raacc of Sohitions of Sodium JJckrmale. 

The curding tcmpei-ature of the more concentrated .solutions 
appears to be ab()\-e 00"', aUlioiigli 0-5.\'u,- solution can be prepare] 
as a clear, .stlfT .jelly at this ternperatuiv. The liquid separating 
from the curd is alkaline, tlydrolysis would appear to hv 
much greater tlian lias been ob.sorved in the case of any soap, 
and quantitative work is necessary. The solution.s were inenw.. 
ingly opalescent on {liiutioin and oily drox)s were observed ou llu- 
surface of 0-0 KA -s(')lutions at 00’'. 

Kemarkable l)(']ia\'iour is obscin ial on rapid cooling of behenati' 
solutions. Wlnweas th(' ordinary stable form of all except tlx 
.V,f/100'solution is a liard, white curd at room tcmipcraturc, f.;i 
sudden cooling a mobile, slightly milk}^ hipiid i.s obtained. Pur 
instance, tlie slightly viscous, almost gelatinous 0-2.Vw-suiiUi(-ii 
at 00' becomes quite mobile, and this thin, cloudy, alkaline liquid 
may be kept for many hours before solidification occurs ^ ; shaking; 
causes separation of a stringy, membranous curd. A quantitativ*^ 
investigation of these solutions is being undertaken. Even tin- 
Jellies which so readih' form in these solutions have a tendency 
to segregate, ])articiilarly when they are agitated. 


Sununary. 

1. Sodium behenato .solutions (CU) exhibit the same typo ol 
dissociation as the higher soaps siici as palinitate and stearate, 
Although in very high concentrations of any of the soaxxs there b 
but little difference in the amounts of neutral colloid and ionk: 
micelle, which constitute almost tim whole of the solution, 
these persist in much more dilute solution in the case of the 
behenato. 

2. The nonoatc, a.s representative of fatty acids with an uneven 
number of carlion atoms, cxliibits ]iro])CTties iutermciiiato between 
those of the adjacent monliers with even number of (mrbon atmm. 


Tliis obsej'vaLiun was made by Mr. 8, E. W ihsliire. 
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CXXXIV — 7^/ie Labile Nature of the. Hakxjen Atom in 
Organic Compounds. Fart. Ill, The Almrpiion 
Spectra of Bromomalonic Derivatives and Nitro- 
parafjins, arul their Bearing on the Question of an 
Oxygen-ll a logen Lin hi n g . 

By liuuH Graha^i and Ar.KXAMjHP. Kii.len Macbeth. 

In previous papers (^lacheth and Pratt, T., RUM, 119. 1356; 
Hirst and Macbeth, this vol., p. 004; Henderson and Macbeth, 
thisvol.p. 802) the labile nature of the halogen atom in different 
Types of organic compounds was studied, and it was pointed out that 
as there was no structure comiiion to the representative substances 
(if tlie various types examined, the chemical behaviour of the lialogeii 
atom in the different eoni]K)unds could not be explained on the 
grounds of the presence of a particular linking, Phe re.sults, more- 
over, seeircd to be satisfactorily accounted for by a ctansidcration 
of the polarities of the constilnent atoms in the molecule, notably 
the oxygen atoms of carbonyl, ethoxyl. and nitro-groups. When 
vicwerl from this standpoint it vas seen that the halogC]! atom in 
comjHiunds which arc readily acted on by r(‘dueing agents is of a 
strongly electropositive nature, and the chemical ju'opertics of tlie 
suhstanecs are aeeoimted for by this charaelcristic factor. 

It has, ho\v<'ver. been suggested that the labile nature of the 
halogen atom is eounceted with certain structural arrangements, 
the reactive compounds containing an oxygam-lialogen linking. 
This view was especially advocated by Willstatter and Hottenroth 
{Her., lt)04, 37, 177d)' it has also been adojited by other 
M'orkers (Vorliinder and KcPlmann. .liuxtloi, ilHU. 322. 2o9). The 
, lifst-menlioned workers were k'd to propose,' an oxygu'in bromine 
linking to account for the surprising reactivity of tlu' halogen atotri 
in hroinouitromalonic ester. Ammonia, in eitlier aleoiiolie or 
aqucctus solution, reacts briskly witli the esUr, forming the 
ainnumium salt of nitvoinalonic ester. As this action is in strong 
conti'ast to the behaviour of bromonitroaeetic ester, which is 
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Oscillation frequencies. 



> (Sl< r (niri/n/!) in uJcohol. 

.. .. in irut< i\ 

,, .. .. X \i)-^odiutn lui’li'o.cih . 

1' i n. alcohol -r IS, lU-\at)Et. 

“■ - -- • iMoHohrotn'jmtlonic (skr (fJh'jl) in (ilcohol. 

iJ/byoi/iO/tnilanic cs{t r ,, ,, 

Fk;. 2. 

di'. thlilififdonnte in alcohol, 

— • — - ~ yionochloronutionic cstcT [tAhijl). 

ethj/k, and propi/t-bromomalonic (sters 

in alcohol. 

gradually converted into bromonitroaeetaniide, it was concluded 
that the brorairus atom in bromonitrojiialonic ester was linked in 
a special wa}x and was, in fact, attached to an oxygen atom of 
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J],e. uitro-group. This assumption is expressed in the formula? 
, 1 ) (C0jR)jC<|Qg^ and (IT) (COjPOjCiXOOTTt. The labile nature 

of the lialogen in the oxygen-halogen linhing was assumed by analogy 
with thercactive chloro-oximcs which Mohlau claimed to have isolated 
(/he* 19, 2S0 , 188 i , 20, loO-l), but Ponzio subsefjucntly 

allowed that these substances did not exist {Alti J{. Accad. Sci. 
ToruiOf IflOO, 41, 415, 802). Formula T was preferred on account 
of the dccoin])osition which takes place wlien bromonitroinalonic 
ester is heated under ordinarj' jwessure ; uitrosyl bromide is s])lit 
oft and mesoxahe acid formed, thus i (I) —> -p XOBr. 

The evolution of nitrosyl l>romid(* in the abov(' decomposition 
siceius a strong argument in fa\'our of the oxygen-lialogen linking, 
liut Wisbeenus and Jnscher {Jdrr., PllO, 43, 22:10), wlien examiniim 
(he properties of o-brumophenyleyanobromoiiitroniethane. found 
tlial it, like bromonitromalonie ester, decomposed on heating, 
iiitric oxide and iwomine l)eing rapitlly (n'olvod. Tluw prebu' to 
regard the reaction as a lihcu'atiou oi iiitiie oxide and bromine 
rather than as an evolution of nitrosy) hromide. for, as little is 
known about nitrosyl bromidi' in the gaseous stat(‘ ami as it begins 
to decompose at alynit the lioillng point ( 2 ), it is ju'obaiTle that 

at the temperature of reaction mixture it uoiihl no longer 
exist. 

Willstiltter ami ITottenroth adduced further support for their 
fuViinila from the nctiou of ]>otassium in<liih‘ on broinomalouie est(T. 
Iodine is UlTcvatcd in the ahstnu'e of acid, atal liny formulate the 

reaction ns follows : (I) ! 2I\ [ - v (('( ) J{ - 1 _.KBr 

“ ' XOK ' - ' ' 

Kurt ilh'ver is <4 opinion that thi> react i(in does not lu'cessitate 
a structure imolving an oxygeimlialoeam Ihddnir (/hr.. 1!114, 47, 
2.174). 'Ihe e(|uatiou above posinlates a similar siiaietuve for the 
hn.Tmo-ecmi pound and the ])otassiiun .-'alt, ami this mav readilv h(' 
tested by an exaniination of tla* uhsoTjgion speetra e)f the eomjwinids. 
It lias been shown that nitro-eompunmls containing a true nitro- 
gi'oup show a eharaeteristie ub^oiption of light, the curves displaying 
one or more regions of I’lijud extension nr ” kii-ks ’ (nantzsch ami 
\oigt, /?er., 1912. 45, S5; Haiper ami .Maehctin 101,5, 107, S7). 
Xitromalouie ester, iu’omouili'oma Ionic ester, and nitroisosucciiue 
ester (Fig. 3) all show absorption of this type, ami therefore it must 
he concluded that tiu' alternative fnnriuke, invf.iiving an oxytfen- 
halogeu linking, projinsi'd for lu'omonitromalouie ester are untenable, 
the absorption of tiie jiotassium salt is of a type entirely diil’erent 
from that ui (lie parent suhstanee, and indicates that Uie structure 
kas in this case been moditied to an am'Torm. 
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roiDOved by the action of alkali from dif)rojn{v and ehlorobronio- 
dinitromethane (Losanitsch, Ber., 1882, 15, 471 ; 1884, 17, 848) 
and from a-bromo-«a-clinitroethane (E. ter Mcer, Amuden, 1876, 
18E !)• examples of lability are found in the eases of chloro- 

and bromo-trinitromethane, phenyl bromodiiiilromcthane, and 
tcmniitromethane (Macbeth and Pratt, loc. cd. ; Baillic, Macbeth, 
and Maxwell, T., 1920, 117, 880). The ox3’gen -halogen formulfe 

proposed to meet such cases are of the typ(^ whtTC X 

represents a halogen atom or a nitro-group, dibromodinitroniethano 
and tctranitromctharie, for example, being rei)res(‘nted by 

N{)»'CBr<V and (NO., ).,('<? 

' XVOBr ^ ^XO-NO/ 

The action of alkali on these substaiic(*s, it must he sup])osed, 
would give metallic derivatives having a structure similar to those 
written above, and theref(^r(' the absorjdion sjjcadra in the ease (4 a 
hromo-compoiind and it.s metallic derivative should Ix' of a similar 
type. It is known that tetranitrometlianc' shows only the generiil 
ulisorption characteristic of true nitro-eo]n])(uinds (Har])er and 
Macbeth, loc. cU.), and chlurotrinilromelliane, hromotrinitro- 
inethaiic, dihromodinitromethaju', and phejiylhromodinitromcthaiie 
(I'igs. r> and 6) are also found to give curves whicli ekairlv show that 
they contain only true nitro-groujts. Tlu‘ eorvcsixmding salts, on 
the other hand, ail show llu^ eharaeteristic a i -sorption bands which 
are connected witii a m(.)dilied structure, ore '’-fomi, 1'lu> study of 
the al)sorption spectra, therefore, srauns to furnish direct evidence 
against the existence of an oxygen-halogen linking In bromonitro- 
inalonie ester and the halogen d{'i’ivati\ es of nitro-eonpaumds. 

It might be conteiuled that the latiility of the halogen atom in 
the bronumialonic ester.s and the broinonuilonamid(‘s may be 
a(‘('o\inted for bv^ tiu' ])i'esenre of an oxviien-iialogeu linking. 
Although tile halogen atom in such eoupmunds is sup]Hisedly 
attached to carbon, there is a jxissiliility of migration to an cixygen 
atom with tlie formation of the lialogeu analogue of the sodium 
derivatives of malonic ester. The lahih' nature of the halogmi 
atoms in dibromomalonie e.der would llms be accounted for by a 
formulation, Bi'0*('((^^'^t)’.('!('(OEt)*()itr, corn sponding with that 
of tin* disodium salt (Haller and Muller, Couipt. rtvd.. 1904. 139, 
1180). Coiisiderable doulit, however, has been thrown on Hie 
existence of the disodium salt, for Vorlaiuler showed, by iiutleeiihir- 
weight detcrininations in boiling alcohol, that it behaved as a 
mixture of the monosodium salt with sodium ethoxidc {B(r., 1899, 
32, 1876; 1903, 36, 268; see also IMacbeth and SUnvart, P.. 1913. 
29, il). At the outset, lliereiorc, some doubt arises as to the 

kl Q* 
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possibility of tho existence of a double oxygen-halogen 
the maloiiic scries. The question may readily be settled by au 
examination of the absorption spectra of the compounds, 'xhe 
results obtained in such work arc expressed in Figs. 1, 2, atu] 4 
Ethyl diethylmalonatc and nicthjd malonate show only weak 



Jii'oitiOH if rojofin in n/coJtv/. 

('liluroiiilrojorni- 

Xdi'rtfonn in Kiditlinrii' (trid. 

- - — - Iddaxiiiini salt of nitroJoiiH in u'itU r. 


Fir;, (i. 

]')ibi'Oiii<)diiidrt)iiii thfin<' in- ab of'.ol. 

I do n '/{brotno'J in itrointjliane in alcohol . 
rola.^i<i((ni ealtoj inoriobyonwdtiiitronu thane in u-ol’.r. 
,, ,. ,,ph(nii!dinitro)>i(tJ(anf\ 


general absorption, but in the presence of alkali the latter dcvelojis 
a band, wbkh has a Jiigh penetration in alcohol and a considerably 
lower penetration in Maier, This selective eSect is doubtless due 
to the sodiuni derivative of tho malonic ester, and it,s]owpenciraiion 
in afjucoiis solution is duo to the ea.'^ily bydrolysable nature of the 
salt. One is therefore justified in attributing a strong selective 
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the 

.jtopl in alcoholic solution to O-derivatives of iimlonic ester of the 
tvpc X0‘(0£t)C!CH*C0*0Et. The absorjilioii curves of chloro-, 
bronio-, and dibromo-malonic esters and incthAd-, ethyl-, and 
iroind-brornomalonic esters all show general absorption of the same 
Hnd* as that displayed by the parent esters themselves, and it may 
therefore bo concluded that the structure of these compounds is 
of llie same type. An oxygen-halogen liiddng cannot therefore be 
present in the bromo- compounds. 

’rhe results obtained Avith the malonamides ar(‘ shown in Fig. 4. 
In tins case also the sodium dcriA'ative is characterised by a selective 
dTect, but malonamide itself and biomonialonamide, dibromo- 
lualoiiamidc and bromomalondimethylamide show only general 
absorption. The absorption spectra therefore show that malon- 
aniide and the bromo-derivatives possess similar .structures, and as 
these differ from that of the sodium derivative, which presiimaijiy 
contains an oxygen-sodium linking, it seems clear that the halogen 
compounds are normal C-derivalives. In the substituted amides 
the absorption is somcAvhat more marked than in inalonamidc 
itself, but this is the expected consequence of the introduction of 
the halogen atom. 

The absorption siieetra of all the types examined furnish direct 
evidence against the presence of an oxygen-halogen linking in tin; 
reactive halogen compounds, and the labile nature of the halogen 
atom in such substances cannot therefore be accounted for on such 
grounds. 

' Nurds and Thorpe (T,, 1921, 119 , 1190) have dealt with the 
(jucstiuu of the oxyg('n-halogeii linking ni certain 5 jn/' 0 -com]:)ounds 
and have disprovc'd its existence experimentally. Representative 
substances of this type have l.)een examined, and it is hoped to 
coininunicate tlic results obtained in a further paper. 

We wish to e.x press oiir thanks to Professor A. \\ . Stewart and 
the Queeii’.s University of Belfast fm' access to their :^pectroscop(^ 

Tjo: Cjuhuc.vl Rosh.srou Lvbocatorv. 

F.NiTED CoLLRUE OE St. S.AI.XATOK -VX H St. LcONHUt. 

V.MVEK.SITV OE 8t. An DREWS. 


Ci [i AlIC.iL D ] ;i'A KT.'.l EX i' , 

Queen’s University or UEirAST. 


7P( 'hr^, Ajjnl 2\Hh, 
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CXXXY . — The Labile Nature of the Halogen Ato}a hi 
Organic Conipounds. Part IV, The Tautonmh 
Hydrogen Hypothesis, and the Itemoval of 
Halogen Atom from Aromatic N itro-compomuh. 

By Alexander Ktllex Macbeth. 

In provi(Mis paper-s (T., 1921, 119, 1350; this vol., p, 904) t}|,. 
action of liydrazine on organic halogen conij)oun(ls uas exambed; 
the results obtained ^vc^e 'considered in conjunction with tho,<e 
observed with other reducing agents, and an explanation was put 
foiAvard which seems to account satisfactorily for the dilferent 
reactions (this vol. ]), S92). 

In a R'cent paper (Burton and Kenner, this vol, p. 489) the 
beha\iour of tel raiiitromei bane and of lhf‘ halogen derivatives of 
nitroforin ha.s been discussed, and froju a rewiew of the cases of thr 
suf)stituted nitroparatlins and othc]- examples found in the literature, 
these worker.s have Ix-en led to ]n\5pnse tlu' hy])otht'sis tliat the 
labile nature of the lialogeii atoms iu the compounds examined hv 
us is in some measure due to the tendency of these substances to 
acquire a tautomeric ludrogcm atom : since, of all the siibstauecs 
dealt witli in our first paper, the only compound which failed to 
react with hydrazine was bromonitromethane, which alu'ady 
contains tlic najuired tautojiKTic hydrogen atom, Burton and Keiiiivr 
were led to state that " the conclusion is almost irn'sistibic liiat 
this factor determines the reactions observed.” 

Thole and Thorpe (T., 1!)11, 99, 2183), when studying the action 
of sodium etlioxide on various open-chain and alieyclic compouiids 
containing carbctlioxy-groiq^s, found tiuU under certain comlitions 
a carbethoxy-gi'ou]) was rejrlaced l)y a hydrogen atom, ctliyl 
carbonate being formed as a ivatctioii fU'CHluot. Tiiey coneludod 
that when the terminal liv(li'ug(‘ji atn’iis in systems of the typr 
oi' are all r('])laccd " the t('ndeney for the coiii- 

jKumd to actjiiire that hydrogen atoin which is necessary to cuuljlr 
it to rcat'i iti its tautoifmnh' form is such that any group capahlc of 
rcfila.ceiiumt hy hyd?N!g>':i is at oiic(‘ (diminatctl in the priest ner 
of, a suitable reagent." Although this hypothesis furnislies a good 
cxplaiuition of tiie eases consuicr<;d hy them, it does not appear 
satisfactory win ti applied to account for the reactivity of the halogen 
atom in tlu' substituted nit ro pa iron ns and other organic comjioimds. 

It may rightly be contmidcd that if a compound ]k.>s.scsscs a 
marked tendency to acquire a tautomeric liydrogen atom it will 
retain such an atom once it has been introduced into the molecule- 
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j-'roui point of view bronutdijuli'onK'tliiuie forni-slu's a .strong 
■•ontratliction of the taiitonierie liydoigen liyp(AlLusis, for on acidi- 
a solution of its ])otassiiini salt tlie i)r(>duct ol>taine(l is di- 
In'ornodiiutroioethanc, Avhich (;ontains no tautomeric hydrogen 
.'torn (I^osanitsch, 188:i, 16, 51; Wolif, /icr., 181)3, 26, :’210). 
'(■)iie of the bromine atoms in this c'fjjtij/oiimi is readily removed by 
livdrazine hydrate or potassium hydrf)xido solution, and the second 
hromino may also be eliminated by treatment with redueing agents 
(l)ii(len, /icr., 181)3, 26, 3004). The csmiparative .stability of tlie 
lirmiiiiie atom in tin; potas.sium salt is not to be accounted frir by 
tie presence of the tautomeric atom, but, is ratluu' to be at Lfilmted to 
rhearZ-structureof tin* salt, which lias th(M'oriiiul:i X()y( 'llriXOdlK. 

It is evident that this std)stai)ee fa.lls into tlie ela.-<s of compounds 
which contains a halogen atotn jiani'd to a carbon atom to which a 
(louhle bond also is atlaelied. \dnyl la'otnhh' and the v.- and 
Vcldoroitropylenes are the best Imowii ('xampics of this type of 
sulistance, and the lialogen atoms in tli-esi' compounds are excep- 
tionallv stable, the a])titud(' for douhlr' decom jtosil ion being almost 
I'litirelv lacking. In view of tlu' gf-neral .vtaiHlily o! lialogens in 
miion with a doublydiuked carbon atom, tiic ^lig!lt ivily of the 
hroinine atom in monobroniodinitrometlianc is jug surprising. 

Further evidence against tlu’ liypothesis tliad tin* lal)i!e nature of 
the lialogen atom is due to a tendency oi the iiiijlceule to aet|uirc 
a taiitmneric hydrogen atom is found in tin* ease of the ehloro- 
sulphonamides and tlie halogiai dcri\ at ives of tnalonic ester. The 
di(:l]lon;suiplmnamkk.s readily lose one atom of chlorine on treat- 
ment with 10 percent, potassium hydroxide solution. d1ie resulting 
pota.ssinm salt of the moiioeidorosulphonamlde contains tlu- reipiired 
tautomeric atom, but the ehluritie is readily remo\ed from il by the 
action of hydrazine hydrate. As the monoehloro.sulpiionamide 
salt is of an easily liydrolysabie nature, the stability of tin* halogen 
atom noted in the ea.se of coiuinmiids ]il;e nKinobromodinitrmiielliane 
is not I.K' exp('eted in this ( ase. 

The bromomalonic e.sters furnish [)erlia];s the most striking 
(‘.xamjiles against, the taHtomenc hyd.rogen hvjiuthesis. The 
(libroi no-ester reacts with hydrazine hydrate and tlie two halogen 
aloiii.s are renK*v<al. 4.3ie mon(jl)roiiio-ester, which contains the 
hydrogen atom required to allow tlie substance to react in its 
tautomeric form in the presenee of alkali, is also readily aetml on 
by hydrazine with the removal of tlie bromine atom. Other cases 
of a similar nature may be found in the bromomalonamides, etc. 

The cx])laiiation which accounts mo.st satisfactorily for the 
reactive tuiture of the halogen atoms .seems to be that already 
advanced by uy, for it dill’erentiates between the react i\ity ut the 
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halogens themselves. Thus, cijdohexmespiro-i : 4-dic.hl()ror//c/r, 
hexane-3 : 5-clioiie liberates no nitrogen from hydrazine liydiatr- 
'whereas cyclohoxanesjnrod : 4-dibromoc^c/ohexane-3 : 5-dione 
acted on and one bromine atom removed, nitrogen being ]il)erato- 
quantitatively aecorditig to the equation : 

- XHrXH, ~> 

L’C,H,„>C<™2:C^>CHBr + N, +2116, 

The halogen atom is not removed from either 3-chIoroacoiv|. 
acetone or 3 ; 3-dioliloroacetylacetone, which is in full agre(‘me)ii 
Math tlie heitavioni’ of ryr/ohexane,9;nVo-4 ; 4-dichIoroc?/r/ohex;inc. 
3 : d-dione. On the other hand, monoehloro- and diehloro-maloni . 
esters react readily M'ith livdrazine according to the equations ; 

2CHCI(CO.>Et).> -r Xil./XH., 2CMo{CO.,Et)2 + No r 2>1K1. 

CCIo(00“E1)o ; NIlyNH^-^ CHo{COoEt)o d- N 2 d 2HCI. 

These results all hnd ready interpretation when the })o!ai'iiii., 
of the oxygen atoms in the molecule are considered. The negati;,' 
polarities of these atom.s in tJie two carboiyyl grou[)s endow tliv 
halogen atoms in all the above compounds vdth an (deetropo-ilhv 
oliaraeter ; anti as elilorine is inuch more electronegative that; 
Itromine, the resultant elect ropositivencss in the eompounds co}] 
sich'rcd Mill be much greater in the case of the bromine atom. 
Thus the effect of tlie tM'o carbonyl groups in the ehloroacfiyt 
acetones and in the .sp/rodicliloro-eompound is not suftieient to inak- 
tlie halogens so electropositive that they will react M'ilh hydra/iui': 
but the bromine atom, in virtue of its inherently less eleetronegativ 
nature, becomes siitHciently electro-positive to decompose th 
hydrazine readily. 

Tn the chloromalonic esters the elTect of the tMo carbonyl gnuip 
is reinforced by the ])olarities of the oxygen atoms in the two ethoxy: 
groups; and the cliiorine atoms are now of so electropositive m 
nature that they are readily jvmoved by reducing agents. 


R-cr- - 
)cn(;i 

R— Cl - - 

IJ ' 


EtO- 

EtO' 


0 
! 1 

■Ed _ 

+ ^CHCl + 


•C-: 

0 


-h ^ 


[Halofjen 7iot rerictiv^.) {Halogen reactive.) 

From the results noxv recorded and those previously obtained, it 
seems clear that the labile nature of the halogen atom in organic 
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is not connected vith a tendency of the sulisUnces to 
acquire a tautomeric hydrogen atom, but is satisfactorily accounted 
for bv the electropositive character of these atoms. 

It would appear that similar reasoning may be applied to the 
aromatic nitro-corapounds containing halogen atoms, it was 
shown that the halogen atom is removed from picryl chloride during 
reduction with titanous chloride (this vol., p. 892). and it was 
pointed out that if the reaction tooh the ooiirse picryl chloride—^ 
ehlorotriaminobenzene, the lialogcn atom in the latter would be (jf 
a strongly electropositive character and would bo liable to resnova! 
(lui'iug reduelion. 

Reduction witii tin and liydroehloric acitl also removes the halogen 
from picryl cliloride, giving triaminobenzene (Fleseli, Monalsh., 
1897, 18 , 77)7). ft seemed of interest to try a melliod of gentle 
reduelion in the h(jpe of reducing tin' nitro-gronps without the 
reinaval of the chlorine, and a catalytic reduction with iron filings 
and water was cari’ied out : tiu' halogen, ho\v(‘ver, w'as removed in 
this case also. 

(Vinsidoraliim of tlic aromatic nitrn-cotni»oimds from the point of 
view of the polarities of the groups indicat('s that the halogen atom 
Is cIccti'OjKrsitive in arnino-eomjunmds whi(‘]i contain tlie amino- 
vniiips in positions ortho or para to it. 

NH_, 

XIF 

Accordingly, it is to 1)P expcctecl that the halogen atom will he 
removed from such compounds dni’ing reduction, a l)ronnnc atom 
being eliminated more readily than a chlorine atom. Reference 
to the literature shows that there is much sup])oit for this view. 
l-Bromo-2 : 4 -dinitro benzene on reduction with tin and hydro- 
chloric acid is converted into ni-]dienylem'diannne (Zinckc and 
Sinteiiis. Bu\, 1S72, 5. 792). Parallel to this is the lannoval of the 
carboxyl group from 2 : 4-diuiti'()b('ii7,oie acid on reduction with 
tin and hydrochloric acid (Wurstcr, Sn\, 1874, 7, 140). 

The clilorine atom is not removed from Pcliloro-2 : 4-dinitro- 
l)enzcne during reduction (Bcilstcin and KurbatolT, Annalni, 1879, 
197 , 70), th(‘ influence of two amino-groups not being suflicienr to 
make it labile; and l-bromo*2 : 4-pheiiylencdiamine may be 
|)rr[)ared by careful reduction of the dinilro-compound by catalytic 
methods (Morgan, T., 1990, 77 , 1204), Other easc.s of tlie removal 
of halogen during the naluction of 2 : 4-dinitro-oonipounds are 
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well kno^\•n, nncl the convtM'sion of 1:3: 5-tribronio-2 : 4<lmitro. 
bcnzciio into ?«.-plienylenodiamino may Ito quoted as ajiot]i(.j, 
HlrikinjT example (Jackson and ('alvert, Amer. Chm. J., 

18 , 40’)). 

Tn contrast to these cases is the stability of the halogen atom 
during tlie reduction of otlicr dinitro-compounds. Thus 
halogen derivati\-es of o- and p-piienylenediamines are readily 
obtained by the n'duction of tlie eornespoiiding nitro-compoujids 
(Laubenhoimor, ISTti, 9, 773; Witt, TJer., 1874, 7, 1()(4; 
187.'), 8, 14.) ; SehilF, J/ouu/s’l?., 1830, 11, 338 ; Calhano and Wdieelcr, 
Jv/no-. ('firm. I SOI), 22, 452). 

K X r v: it r m e x r .v l. 

Kdn/l rhhmmaloHdtc n'a.s prc'pait'd liy tlu' gradual addition ef 
sulphuryl cdilorich' (I mol.) to ethyd ina Innate (1 inoh), tlie latter 
being gently ^\'armed to start the reaction. Having been ki'pt for 
some tim(‘, the mi.xture was heated under redlux for an lioiir to 
complete the reaction, and tlie product fractionated under reduced 
pres.siiro; it liad h. p. IIS' 1 0 mm, ami I ’4303, An aleoliulic 
solution wa.s prepared eontainiug l'04.j grams in 10 ex*. .Pwo c.c. 
of tliis solution, on treatment with 50 per cent, hydrazine hydrate, 
liberated 234 c.c. X„ at 1 3' ami 7(30 mm. The fjimolecular quamity 
(3S0 grams) therefore ji Is rates 2S'()0 grams reaction 

takes place <|uantitati\'cl\' iii a('Cordance with the (equation already 
given. 

Elhi/l Dichlo/'om(iloH(tl(.— 'Vi\\^ is t'on\ c-nicmtly^ jtrepared by the 
action of sulphuryl chloride (1 mol.) mi the monochloroa'ster. 
After .standino; for a few days, the mixtuia' i.s distilled at atmospheric 
[U’essure, the umin fraction ])assing over at 233— 234'’/775 mui. 
It has b, p. IlOyO mm. and i-44.“)0. An alcoholic solutinii 
containing 1’145 grams in 10 c,e. was pivpared and 2 c.c. of this 
solution, on treatment AS'ith Jiydrazine, lib(Tat{‘d 24’5 c.c. Xo at 
13“ and 730 mm. The molecular quantity (220 grams) therehuv 
liberates 2S'2 grams X.^, so the reaction j)roeeed.s according to th(‘ 
equation already given. 

347doTOr/c4yuce/o;;c--J4iis is liost i)r(q)are(l by the action of 
siilphiiryj chloride on acctylacetone (Cojnbes, (Jompf. rend., 1890, 
111 , 272), and i.s purilied througli the copper salt. The product 
has h, p. 1.5.)’/7f)0 mm. ajid ??];' 14784. It does not liberate 

nitrogen from hydi’azinc hydrate. 

Z \Z-Dk}dorQacttijlac('lom, prejjared hv the action of .sulpliuryl 
chloride (1 mol.) on the monochloro-compound ((lomhe.s, lor... riL), 
has 1). p. 8{)“/12 jnm. and 1 4575, It is not reduced by hydrazine 
hydrate in the cold. 
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^,^,lo//^x««espiro-4 : 4-dichloroGyQ\oh('xaHP-^ : iy-diou- u-as [)r<>- 

irocl by Norri.s and Thorpe's method (T., 1U21, 119, lllHI). U j.s 

||*t n'lluccd by liydraziiie hydrfit... 

\ 4-dibroniOGyGM.)hf'.raii(‘-'.\ :^^-dfonr. wa.s pre- 
.in'(l by Xorris and Thorpe's method {loc. ('ll.}. O'bTd Ci'iun was 
Jv'i died into a Van Slyko nitrometer with a iKtle waftT and 1 e.c. 

,f Iiv'lraziuo hydrate added; 23d) e.e, weo' Ulx'rated at 10" and 
-'"\imt., so the bimolecular (jiiantity (070 grams) liberates 2S-L 
rinias X, One bromine atom, lh(*refure. is removed in aca-mdanee 
with the (■(ptatioii already given. 

JkdHdiou of Picrjjl ChlorhP.—Tho imryl chloride^ w.is prepan'd 
hv Jackson and Cazzolo's method {Aiiirr. Chem. •/,, 1000. 23, :jSt). 
Pivo grams of pieryl cliloi'ide and Id grams of iron lilings were 
<n-adimllv added to 20 e.c. of water, containing O’d e.e of coinamtrated 
tivdnxdiiorie aedd. Tlie acidified water was k(‘pt at OO and tl.e 
mixture was .s1 irred throughout the reduction , W lien i he rcduetioii 
was complete,, tlK‘ iron v\as removed by filtration and w(dl waslicd 
with hot water, the filtration and washing being done as pniekly as 
possihle. The eomhined tiltrati's and washings were aeidili('d wilh 
concentrated hytiroehloric acid, and tin* srihamt rmnoviat by dis- 
tillation under greatly reduced pinssure. A mass of brown crystals 
was de])ositcd on eva]H)ration. The product was carefully and 
completely dried in a vaeuuni : tiie yi(dd was more than 4 grams. 
On titration of an a(|ueons solution of the salt with standard alkali, 
resiilfs were ohtained which agnwd with the tlieut'ct ieal value for 
the triliydiocldoride of triaminolienzmie ; O'd gram was dissolved 
in 2(l0 me. of water, and 24 e.e, of llu' solution ro(|uired (i'S e.c. of 
(VlOTA-sodinm hydroxide; th(> [)mily of the triam;nol)en7,ene 
triliydroehloride is therefon' ap[)roximaU>ly hO p('!^ eent. 

Tur UuK.ue'AL ResKAie n I^.u’.oaA'imui'.s. 

rMTKIJ (‘OLLKCK (tF ST. SaLV.VI'OU ANO St, T.KoN Om. 

Univi:i:sitv or St. Am>t.i:\v.-f 'JUci ‘n ‘L J j'rti '2'Mh, l\d2.] 

-Siiico tlus 001111 lui H Icatio 11 was siilaiuUoLl a paper lias appcarotl 
(ISurlou and Kenner, this vol.. p. (o.)! dealing with the tdimiiiation of th-' 
lialogtai atom during the reiluction of halogcuated aromatic nltro-Fompounds. 
The results obl.ainod sooin to be in agreement with the views expl•e.■^^ed 
above, as tlic "experiments inuA- therefore be said fm'tlior to support the 
view that the removal of liulogen in the reactions and conditions under 
oni.sideiut ion docs not precislo the formation of the aminu-gioup. 



]]2*2 COLLINS AND wood: the behaviour of 

CXXX \i-~The Behaviour of the Stajinic Acids toti'frrfj. 
Hydrochloric Acid. 

By George Ernest Collins and John Kerfoot Wood. 

Tn a ]irovious communication (this vol, p. 441 ), the authors ndvnii(;j,fj 
the h}'pothcsjs that the dilTerence in the character of a- and 
acids depends on the extent to whieli a process of condensation 
between inoloeides of stannic hydroxide has taken place, the causs* 
of this condensation beinir Uie ampliotoric nature of the liydro\i(j(, 
The first step in this process of condensation was considered to ],(. 
the formation of a-stannic acdd, H^SnO.^, from a single niolccnlc 
stannic hydroxidt' : the gradual conversion of the a-acid intu tin;- 
^-modification, which takes place slowly at the ordinary teinpiaaiiuv 
and more rapidly on boiling, is due to the continuation of the juochs 
of condensation, thus leading, by the loss of water from st'vccaj 
.simple molecules, to the pj'oduetion of ]noler‘u]o.s of gradiiallv 
iiureasiiit: comp]{“xity and of increasing 3'<^‘hni“acter. It was 
ptanted out that the hypothesis is in harmony with nmihToit^ 
instances of the comparative beliavionc of tlie two vatltdics (,f 
stannic acid, as recorded in tbe literature: in this connexion, ilu’ 
behaviour of the stannic acids towards solutions of strong acids and 
bases mav be mentioned. It is w(d] known that |3-stamn’e acid ni.iv 
he converted ])aek into the a-varioty by boiling witii hydrodiliwir 
acid 01 ’ with .solutions of alkaline Indroxidcs ; tliis reversal of tb- 
' 4- (5 change, as will be shown, is (piile in agreement with tlie aulinaS 
liyputbesis. In the present paper the behaviour of tlie ditlViviir 
moditications of stannic acid towards solutions of bydroehloric nei'i 
is discu.ssed, and an account is given of results recently obtained in 
lliis field of iiivestigaTiou ; tlie discussion of tlm behavionr of tin- 
.‘^tfinnie acids towards alkaline hydroxides will form the nmteriid < i 
siibse({iient paper. 

Xumerous oliservations relating to llie inllm nei' of iiydrochkni 
acid on the stannic acids are recorded in tlie literatinv. Tiir 
iiive.stigatibns of van Henunelen (‘' Die Absorption,"' p. Ihki d so/.; 
and of Jorgensen {/>, unonj . Chtm ., 57, indicated tiial thi- 
aetion wa.s one involving adsorption, a definite adsorjition isothf riii 
being obtained by the former from experimmits in which a uniforni 
rpiantity of the so-called metastannie acid was addial to hydru- 
chloric acid .solutions of varying concentration. Tiie opinion 
expres.scd by Engel { Coinpt . rtml, 1807, 124, I8!)7, 125, 4(l4i 

and Kleinsehmidt {MomUh,, 1918, 39, I4<J) to the elfeel tint 
products of definite composition are formed by the action of hydra- 
chloric acid on the stannic aciih i.s not aUsolutidy (^jipused to tlie 
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■ expressed above; both investigators used stannic acid of 
^ '^teticidly the same degree of condensation, and therefore adsorption 

ducts of similar composition would Ijc (obtained. 

^^^\Viih regard to the solubility of the stannic acids in hydrocdiloric 
(id whilst the consensus of opinion has been to the effect that the 
'^.iiodification passes Into solution on treat nient with either dilute 
r. concentrated hydrochloric acid (]\Iuscu]u8, Atm. Own. Ph/.v., 
iW ’ Zsigmondy, Annahn, 180S, 301, 301; Kiihl, 

pkafin Z/f/., lOOH, 53, 40), it is generally stated tliat the 8-acid is 
• oliible in the dilute acid, although the opposite view was upheld 
1 ,'i: Dott [Pham- J.. 1908, |n- 1. 27. 4S(i). 

' Mecklen burgh (Z. anorrj. CJtpm., 1012. 74, 207; 1014. 84, 121) 
considered that, once the 8-aeid had l.)e:m prcT-ipitatcd. it was 
eiiiv ]K)Ssible to re-obtaiii a sol by ])ei)tisation uilli concentrated 
linirochloric acid for a devinitc time, followed l>y liiliiiion: most 
ciicinists appear to have held views of a similar inituiv. There 
appears to be no obvious reason, liowevio'. \^■hy. if a stable sol is 
nhtainable by Mecklenburgli's tiuaii(Ml. tin- >ame siiould not also 
!,e callable of formation by tli<‘ diird nciion of diliit(' bydroehlorie 
acid on 0-stannie aeid, and. as sliov/n in the laltei' part of this pajier. 
sols have been obtained by the autiirii's in this manner, althouLdi. ol 
(-■inirse, tin' time required for tln^ production of a sol, using dilute aeid, 
is‘n'eater than that neec'ssary when a more eoneentrated aeid scilution 
is ein])loy('d. 

The reaction hetween stannic acirl and a solution of hydrochloric 
acid, as conceived by the authors, is, especially with the more liighly 
condensed specimens of (he aeid, a sonieuliat (“oinjilcx proi-e.ss. 
Tludirst stage, u.s observed hvvan Heminelei! {l<y\ ril.). isiiodonbl a 
simple adsorption of the bydroehlorie acid, ’i’lic amount of aeid 
adsorised from a solution of giviai eoncentration by a given weight 
of sta.iinie a('id ’ivili oliviously depend on tile exta'iit of surface of the 
latter .substance and llierefoi’e will, in aceordanci' with the authors 
livpothesis, be smaller with a samiile of iwstamnie aeid than with 
one of the '/.-acid . d’o adsorb a gi\'».’n weigiit of hyorochioric acid, 
therefore, from a- gi\ on solution, a larger ^veiglit (sf i- than of x- 
stannie acid would b(‘ required, a deduction wbieh is in agiaamieni 
with tlie experimental resiiHs, 

Following on the adsoi'[)i ion, eliemical action between the 
adsorbent and some of the adsorlied aeid may take jilnee. due to ilie 
neutralisation of tlu' latter by some of tiie basic atlinitics of the 
original stannic hydroxide still possossetl by the condensed acid ; this 
will result in the formation of a certain amount of salt on tiie siudai'c 
of the particle. ISuch a salt would beeapahleot lonisatum.and woukI 
then yield a onnijik'x positin' ion and cliloridion. ft will depend 
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primarily on tlio ronoLaitration of hydrochloric acid still reinahi^, 
in sohition whoLlior or not this ionisation actually occurs; tli? 
and th(‘ acid give rise to a common ion, and in view of this fact an 
the small solubility product wliieh the salt will have, at any rati- * 
the ease of n highly condensed stannic acid, a small concentralifuiff 
acid will l)e sufficient to repress practically entirely the ionisaUun 
the salt. If the ionisation of the salt is not prevented, the e()i)ij,i,.| 
particles will acquire a positi\'e eliarge and it will depend oi, q,.. 
ratio he(w(U‘ii its mass and the charge it carries whether or nf,j 
pai1i('!(‘ can sepai'ate its(df from adjaeiait ones and thus aequir,. 
greater degix'c of dispersion. Owing to the greater degree of (.,„j 
densation mid lherefoi'(‘ the greater mass and smaller adsorptivt- 
povv'er of Ok' iMnodifieation of stannic acid, it follov/s tliat tlij, 
variety will not ix' so readily peptisixl as the a-neid. Tli(“ lattf-,- 
modilieatioii will tlu' more insily ho brought into a stat(‘ of (]|],. 
sohition: with an acid of fficharactc'r, however, it may easily nffic 
that thei'ati{W)f mass to charge is ofsiicli dimensions that the jiarticb 
is not raised to the potential which will enable it to li'ad a scpai-atc 
existenc(‘, in Avhieh ease tlu* snbstanee will not peptise but will 
remain in the condition of a gel. ( unversely, sols of fj-slamiic acid 
will be more ix'adily eoagulati'd than sols of llie a-niodiiieatioii. a- 
the jiarticles in the foniun* sol are, for a given charge, less disperserj 
than those in the latter sol ; this is in agreement with the nu'av'.nv. 
ments of t!u' " snlphate value of sucli sols made by Meeldi nhundi 
{loc.cit.). 

In the foregoing discussion, only one chemical action of tho 
adsorbed liydrocliloiic acid and of tlic rc.siilts arising from tliis 
reaction have been eonsidei’ed. it must not b(‘ hn'gotl<m, lir)wev(-r. 
that the adsorbed acid may react in another manner on the staimic 
acid. According to the liy])otlicsis which lias been advanci'd, the 
more the character of the acid, the greater is the ext(mt to ■wliich 
salt formation ludween acidic and basic; stannic hydroxide has tak(‘ii 
place. If adiighly condensed stannic acid, therefore, he in the 
presence of hydrochloric acid, there will be a tendency for this .silt- 
like complex to he decomposed by tlu' ^itronger acid, and by this 
reaction there will be foi’incd a less f'ondensed stannic acid. Tliis 
decomposition or rc'versal of the a-fi change will, for a given prcjiara- 
tion, take* phus' to a. greater degree the higher the concentration of 
the hydrochloric acid, tiie longer the tiim^ of contact, and tlie inoiv 
elevated +he tcmiperature. These, deductions from the tlieory are 
snppoi’ted l>y observations made by Barfood (•/. pr. Chuih, IStiT, 
101 , 3f)S), .Mijsculus {loc, oil.), and ^iecklenburgh {loc. c?7.). 

The formation, ho\\ever, of a less condensed acid will mean an 
increase in the .surface of the jiartielcs, bringing in its train variations 
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in the adsorptive power and chemical aiiiiiity, hAh of wliieh will 
('iitiiil changes in the amount of hydrochloric acid rcmaiiiiiig in 
solution and in the degree of dispersion of the stannic acid. 

^ As a result of these various changes, which, it is obvious, may take 
place in such a system as has been considered, it is possible to con- 
(-eivc that a degree of condensation of the stannic acid may eventually 
be arrived at which shall be in equilibrium with the fr('L* liydroehloric 
acid and with the substance which has been dispersed, so that no 
further jH'ptisation or coagulation shall take place. iSueh a state of 
rquilibriiini, it would be expected, would only be attained after tin* 
lajisc of a very considerable time, especially \\ li('n it is rememberc'd 
tliat certain of the reactions involved are taking placa' in a s(jlid 
mi’dium. During the period of attainment of this equilibrium, it 
\vouId be expected that the liquid would manifest cfiniinual change 
of composition and that the amount of tin existing in true and in 
colloidal solution would also 1)0 eontinualiy elmngn'ng. These 
cxpcctalioiLs, it will he seen, are fully borne out by the results of the 
authors' ex[)Oi'ime]ils. 

A state of ccjuilibriuni may, of (‘ouise, \n: apjiroaeiied from two 
diiierent directions, and it will be apparent, therefore, that the 
cluinges involved during the liydrolysis of a dilute. solution of stannic 
chkiride will be, e.ssentialiy, the converse of tluise which have l)een 
discii.ssed above. 

D X I’ E R 1 .M 1-; N T A L. 

it will .be obvious, from the general charactm’ of tlie authors' 
hypothesis respecting the eause of tlu' (lill’erence bi tween the %- 
and 'i-niodilicatioiis of .stannic acid, that the j)repariition of a liry 
specimen of the oc-variety will he ([uite iinpussibh for tlie reason that 
the change immediately lannnienees and will ])e Taking place 
during the whole period of drying. The utmosi ])os>ible, thei’efoin, 
is the pr(‘])aration of a vari(‘ty of tlie acid in wliieli tlie e-g ehangc 
has taken place to a limitc'd extent and the ooiii[)ari.-on of the 
properties of this preparation with those sliown by an acid prepared 
under conditions more favourable to the ju'oeess of eondetwatimi. 
stieh a.s would he obtained, foi- {’xainple. ;U a highej' temperatmv of 
iireparation. For tiie autiiors' exjiei'imeiits, two spevimens of 
stannic acid wetx' pre])ared under flitferent eondilious. ami tlte.-e 
will, for eouveiiienee of referenee. md wiilistanding tiie abqve 
statement, be de.^eribed as a- and h-staiiihc acids ivsp<'cuvely. 

l^i'cjjarufioH of .Ir/d. --This .subslamu' was ]ii’(']iared by 

the aetiem of marble on a solution of stannic ciiloiide. In order 
that the product obtained from diilereiit preparations slioiild he of 
pvactically th(' same character, it was neeessaiy to standardise the 
lUetliod of pr.qurratiun. 
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To the .solution of 500 grams of crystalline stannic 
6 litre.s of water marble wus added and the Jukture ke])t at abonr 
18®. Tiie precipitated stannic acid was decanted from the 
dissolved marble, filtered through linen to remove as much as 
possible of the solution of calcium chloride, and repeatedly wash(>([ 
by decantation until the wash water gave no trace of opaloscerico 
on the addition of silver nitrate and was also without action on 
litmus and coiigo-rcd papers. The precipitate was removed k- 
filtration through linen and was then placed on porous plato' 
allowed to diy in air, After about a month from the cominf/iicp. 
meiit of drying the substance had changed to a dark brown, vitrconi 
semi-transparent jn'otluct; the substance vas coarsely powdeu/d 
and the air-drying continued, the substance being Wfvighed from dav 
to day. When t i)e da ily loss of weiglit had a.^sumed small d imensina. 
the acid was finely powdered, sic\a'd tlirough A'o. 10 fiour silk, arid 
the drying allo^\'ed to proceed to (.‘ompletion ; a period of fifteen dars 
elapsed between the attainment of the vitreous stage and ilio 
completion of the dryiJig process. 

Oil ignition, the air-dided product was found to contain Tlrfi jur 
cent, of stannic oxide, whieh gave the gel a cornpositie!) d 
SnO^,2-14H.O. 

Th(^ a-stannie acid was, in spite of the prolonged washing, not 
quite free from ehlorinc. 'I’be amount of chlcrim' present wa? 
found to be OdO jjer cent,, the analysis being made by pejitisinca 
given weight of (he acid with potassium hydroxide, acidifviuu' vdtli 
nitric acid, and estimating the elilojtue by the '/olhard nirtliud; a 
blank determination, using .similar quantities of alkali and nitik 
acid, was coJiducU'd in order to avoid any inaceuraey whicli iiiigir 
otherwise arise liecause of the ]ires(*nee of traces of chlorine in thr 
matcriais used, 

A,s anticipated, the ju’c'pai’atiou was not of true '/'tiatiirc, it riMt 
being dissolved to any ajqueeiablc extimi by either dilute or eiiM- 
centrated hydvochlnrie acid. On trcntuu'ut with the eoiieentratol 
acid, followed hy dilution witii water, i; |)e])i!':ed. but was j’ci.'r. - 
eipitated on tlic addition of a furthei' auiuuni of the conccnlmlei 
acid. 

Itxamined under tin' iiigii power of a micro, siaqie (inaguifieatkin 
about 350), the sub, stance appeared glassy and transparent, Init 
non-cry, staliine. On ignition, a pale yellow oxide was oblaimd; 
this oxide was found to be slightly ht'groseopie, the amount ef 
water taken up on exposure to air amounting to 0‘25 jx-r cent. 

Frt'paruiioii of '^y^larm.k A.cid . — Tins v as tiie so-called njctastaimic 
acid. One litre of ]iurc concentrated nitric acid was heated in a 
flask of about 4 litres eapardty until tin.' liquid began to boil, wlicn 
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of ilcat was lYinoved and 100 grams of granulated tin 
!^oro added within the space of about two minutes. After thc 
.K^alion of tlic initial violent reaction, the mixture was heated for 
oiiie lime on the Y'atcr-bath to ensure the solution of any particles 
if unchanged metal. After cooling, the supernatant acid liquid was 
.vplioned oh and the residue was tlicji repeatedly washed by decarita- 
lioii with boiling distilled w'ater until the washings gave no reaction 
for nitrates Y'ith a solution of dif)her]ylarnitie in siilpliuric acid. 
Xhe acifl was then separated by filtration through linen, dried 
oil porous plates, and sieved, as deseribc'd in the preparation of 
llic X'Varicty. As might be anticipated from the jnore granular 
rliaracter of the preparation as compared with tlie somewhat 
f^olafiiious precipitate, oldained in the preparation of the a-modi- 
ricalion, the drying of llu; -.stannic acid required a considerably 
shorter time than was necessary In the case of the a-aeid. The 
proportion of water in the air-dried fi-acid was .somewhat smaller 
tluui that contained in the ^-modification, the average composition 
heiu a expressed by HnOgjl'OlHoO. The smaller amount of water 
ill the substance indicates that tlic change has proeeedf'd to a 
'neater extent than in the case of the product which has f)een 
designated ot-stannic acid. 

Under the microscope, the 3-acid presented an appearance very 
diuilar to that of the o'.-rnodifieation. Iti view of the presence of 
chlorino in tlie a-acid, it was thought desirable to submit tlio 3-acid 
to further examination for traces of nitric acid, hollowing the 
method used by Z,sjgmondy and Heyer (Z. anorg. Ch<:in., 1910, 68, 
th!)) for the detection of traces of eliloiodcs in silicic acid, tlu' product 
was distilled with concent ralial sulphuric acid until the latter 
>iibstance itself began to come over, the distillate being received in a 
solution of (liplienvlanunc in sulphuric arid; no evidence of tlie 
I'Lv.seiiee of eveii a trace of nitric acid was olitained in this way. 

Action of II jfdforidorir Acid on iht Atuntnc den/s. 

Tlie same principle was adiqited in these exjieriments as in tue 
(k'feniuiiatioa of the soiuhilily of a substance, although, of course, 
the residts obtained do not ciu'iespond with actual solubilities. 
oUL'cc.ssive amounts of the a- or 3uu’id were added to the solution of 
liydroehlorie acid until some of tlu' solid was apparimtly unacted 
on: no further addition was made until the stannic acid ]n'cv:ou.sly 
added had disappeared. Tlie mixtures, which were contained in 
flaslcs made of resistanee glass, were kept in a thermostat maintained 
<U. lUy and periodically ('xamined ; occasional analyses of the liquids, 
which will be described later, were made, hi a second series of 
experiments U.. stannic acid wa,^ first treated with concentrated 
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hydrochloric acid and then diluted with water; if, after hoihc 
no precipitation took place, a further addition of stannic add w-k 
made and the mixture then left for a considerable period bcdorcaiiv 
analysis was undertaken. 

The two modifications of the acid did not i>eliave in the .sanie 
niantier when added to solutions of hydrochlorie acid, the cliainre;< 
observed with the ,3-Jicid being of a more striking character than 
those manifested by the a-vnriety. In the cold of the former, 
linely powdered substance first caked together and later hceaiTio 
yellou and semi-transparent; at this stage it began to disjierv^. 
gradually into the liquid above it. The changes mentioned tnck 
place the more rapidly (i) the greater the hydrochloric acid con- 
eentration (within the limits studied), (ii) the smaller the amount oi 
stannic acid already peptised. 

In the ease of the cc-acid tlu* preliminary caking was noticed u\\ 
seve?'al occasions, but in no cas(> was there any formation of tli[, 
semi-tran.spai‘cnt, ycllou’ product. It is worthy of note tliat tlu- 
changes observed with the fi-acid do not occur when that siihstam-c 
is treated witli a saturated solution of hydrochloric acid in dvv 
benzemn the substance siiowing Jio ciiaiige of a])pcarance after a 
period of four months. Tlu‘ material had, however, adsorbed a 
considerable quantity of hydroehloric acid, foi' the couccntratkni 
of the latter compouini in tlic solution had fallen, and tlu‘ solid 
itself, ulicn added to watc‘r, yielded an opalescent liquid v.htcii 
gave a white preci])itate on th(' addition of concentrated hyilro. 
chloric acid. It appeal's ])robabJe tiiat the formation of the senii- 
transparent 3 'cliow product is duo to imbibition of some of the 
aqueous solution prior to actual peptisation, and that it is iioi 
observed witli the 7.*acid owing tu tlu^ latter lanng more i'eadih 
peptised. 

In botli scrie.s of ex]H'riments it was observed that an inmsis!- 
in the amount of [i-staniiic acid addeel to a given volume of hydro- 
chloric acid Jed to th(> mixtiin' b(‘Coming more and more vi.scui^ 
and eventually iiccomiiig a still' gel, wldeii, in some eases, cuuW 
be broken uj) only v ith dillieulty by shakitig, 

In gemeral, the z-sols were much clearer than the analogous oius 
obtained with the fi-aeid. The sols aj)[)eared y(dlowis!i-orange wlicn 
viewed by transmitted light ; seen liy rellected light, the 7-.u)h 
appeared faintly green and the .i-oiies bluish-wliitc. In the c;;sr 
of the ,i*mi,\,tures, the similai'ity in tiie appearance of the ycllia' 
semi-trans])arent gel already mmitioned and of the yellow super- 
natant liquid was particularly striking. 

A few typical records of the behaviour of the two varictic.^ cf 
stannic acid when added to solutions of liydrochloric acid of varying 
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concentration are given in Table 1. In every case the volume of 
acid employed was 200 c.c. The figures illustrate the difference 
[between the quantities of the two modifications which could bn 
added to acid of about the same concentration before apparent 
saturation resulted, as w^ell as the de])eridenco of the rate of p(;ptisa- 
tiou on the concentration of the hydrochloric acid and on the amount 
of stannic acid already added. 


Table 1. 


Variety 

Normality 

Stannic acid 


of acicl- 

of HCl. 

added (grams). 

Tleliaviour. 


0-197 

2-50 

No cHarige during 100 days. 


0-1)20 

7-50 

After 10.5 days very faintly eollodial; 




iiu furtlicr change. 

n 

1-033 

10-00 

Di.sper.sed after 7 day.s. 



2-00 

Disperseci after 17 day.s more. 



more added 

Rc'iJiainc'd undissolvc'd. 

j8 

0-107 

1-00 

No c-hange during 100 days. 

j8 

0-501 

1(1 00 

Opalescent after 13 days; after 107 




da\s ]iea\ily colloidal; no further 




eliange; solid faintly yellow. 


1-102 

5-00 

Mecame yellow in 2 days and di.s- 




persed into liquid in 4 days. 



lO-oo 

Di.spersed into liquid aftc'r addi- 




t ioriai 22 days. 



2()'()n 

Did not completely tllsap'pcaar ; after 


(i7 rlays viscous nn<i alter Si clays 
(•oajriilairtl. 

j 3 1 50 5ai'i DispcTsocI in 1 (I;iy. 

,, [i)isp('rsorl in at>out tlio .same lime. 

Dis{)er.s<'(l in '2 clays. 
llis[)ers(’cl in 2 (lays, 

.. I lisprised in 2 clays, 

[''ui'IIk'I’ laiye addilions were re- 
([niTed, mixlure bec-omlj)^ move 
and more viseons and fiTudly cua'.ml- 
ai ion took place'. 

In Tiihle IT arc given a few e.\anij)l<'s of ()l>er\-ation.s made in the 
second series of experiiuont.s, in wliieli ihc' slannie acid was ]u*i)tiscd 
with coneentratod hydrochloric acid and the mixture then diluted 
until tlie volume became 200 c.c. An interesting fcntui'c of the.so 
results is that they show that a stannic acid sol may l)c coagulated 
hythe addil ion of fnrtlier (]iianlilic.s of stannic acid : the lattcT fact 
doc.s not appear to liai'c been prc'vionsly observed. 

^Icihocls' of Analii-sis. — As already mentioned, analyses of |];e 
variou.s mixtures i)repared wwv made from time to time, the 
jiarljcular object in view being the detection of any clianges iii tlie 
conipositicjn of tlie sols witli increasing age. An attempt was made, 
U')t only to mensure such changes of comj)osition, Imt also to 
detennine whether there was any alteration in the pidjinrin!!! (.)f 
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Table II. 


Approx. 

normality of Stannic acid 


Variety 

of 

a 

HCI after 
dilution, 

uas 

inlde<l 

(grams). 

a 

irn 

9 '00 




B 

U'.'t 

more 

2-, 70 

B 

o*n 

2n'00 



lo-oO 


Behaviour. 

On dilution gave opalescent soluilr- 
After 19 liours a Ju'iivy tuiLitiity • I"'- 
partial deposition of gel, ami in i ,p,'' 
the liquid contained iruieli vinte I"". 
{■ipitat(\ After 1S7 days tho mixtii?,, 
vlu'ii shaken. a|)}ieared like a coli'iii'i 
solution, 

On dilution gave opalescent suliai,-, 
Aftf'i- It) {lays all ha<i disperscfl. ’ 

40 days after tlii.s adtiitinn ai] j-, : 
disperijcd. 

Keiiiaiued nndissolvi’d after !iO||;|,.. 

Sitiula?- to that recorded akovci,. 
cc-aeid. 

On dilution gave opalescem 
\vlii('li gi'adualiy beciurie nidi-e ('[..i].!... 
After 12 days dispersed. 

7 days after this addition t'le 
was yellow .and siuni-tran-oarent li;,.' 
the liipiid very o|ial(‘si'eiu. Afier 
llie ln|uid contained lliiek ‘ii !. .\y- 

tS7 days lumps of utKlls].H‘r>eil v.-lhv 
gid ami of eO;lL':nlale<[ wliite La-l J!. 
colloldnl liquid : w liitr' c'el di- \ ■ 


material pre.seut in the colloidal and in the iijolt'cttlar eoiidili!.!?, 
Tlie following method was cniitloyed in ordtT to determine ihis 
varion.-^ values. A portion of the content.s of the fla.sk in queslion wy 
hltcrcd tiiroiigh a single Xo. dO Whattnan liliei -paper (with tlicaii; 
of tin* ])uni]) if neee.ssarv). This filtrate was taken as eotitaiitinjitr. 
dis|)ersed stannic acid, whether present in the colloidal or moli ci!!:;;' 
condition ; a portion of it was tlierefon' retained for aiialysisand tie 
remainder siibniilted to ultra-tiltratioif in order to dt-lerminc ll;-' 
amount of tin in the molecular .slat In order to sc'cnrt* nniforriny 
in tin* collodion membranes enipiowal for ultra -liKinlimi, it 
necessary nitrated cotton was j)re])ared in the laboratory In 
standard metliod and tin* thoroughly washed and drierl mateiin 
dissolved in a mi.vtare of alcohol and etluT in the proixnlioiM" 
give a 2 jier eenl. .solution. Films prepared by the slow eva[)or,:lieri 
of 3 d e.c. of this solution in a petri dish of 9 cm. diameter vvii' 
.?mj)loyed for the ultra-liltratiou. tin* films [)eing jdaeed. Avlieii iiiu'; 
of the soh eni had evaporated, on the top of an ordinary funnel lanJ 
the edges of the film pressed down against the outer .siirlart' of hie 
funnel; the combination of film and funnel [wepan'd in 
was found id be vacuum tight when almost dry. d'lu* uKra-liltnii'S 
obtaineti by the use of such films were absidutel}’ clear. .\ii rx- 
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imination by means of the ultra-microscope showed a complete 
jliscrice of individual particles. 

Xlic aiiiount of tin in the filtrates and ultra-filtrates was deter- 
jiiinotl iiv reduction of a given vohiiiU' of the solutiiai by means of 
aluminium foil and concenti’atcal hydroeliloric acid, followed 
l,v titration with a .standard iodiiu' solution in an atmosphere of 
e'lrlHUi dioxide; to ensure accuracy, blanlc dcteriniimtions weiv 
jiciformed with similar quantities cjf aiumlniiim and acid. 

Xho amount of hydroehloi m axmJ in solution was determined hy 
jitration with standard sotilnm hydroxide, iisincr methyl-orange 
■n indicator, whilst tlie total amoinil of elilorine ion in tlie liquids 
;v;is estimated ]>y Volhard's iiudliofl. 

'I'lic results oblained with 7- and ,^-stannic acids respect i\ e]y are 
, riven in Tables Il f and IVb the concentrations of hydrogen ion and 
,,f ciiloride ion being ('xpressed in normalities and tin* eoneentratioii 
(if liii ill gram-moleenles of stannic oxide jn-r lit j‘(‘of solution. Tljo^r* 
tiiixfures inarlo'd with an asterisk were jirejiared by treating llie 


n.mnie 

af-id witii eoneentrated Jiydi'oeiilocie 

leid and 

dilut 

imo n il li 

watei-. 




rAimi: 111. 






l-XUrato 



ril re -fill rati\ 



Tiny--. 



Day-'. 




y\.i>k 




ir.im 




Xn. 

st.irl. 

!f‘. 

(T. 

SiiO,. stnrv. 

1-]'. 

fr. 

SllO;. 

4 :.* 

1 IS 

o-iisa 

(enou 

o-iil;;;i ]4u 

(1-201 

O'200 

/;<•!■(> 


is:? 

o;uo 

(iSiL'l 

(t‘ooo.7 1S2 

o■2^2 

o-2sO 

Zrlv, 

la 



oeuio 

0-011(12 13 :) 

030 ! 

(i';;o3 

o■llt!o:l 


Is. 

o:;s(t 

(rasii 

n-iiO(i2 1 73 

(1-3S0 

O'30! 



! 

tr4at 

II- IS'.) 

0'(i27! 137 

0-442 

0-402 

0-0012 


In2 


(I- iiid 

(iiilo:, ]s\ 

0-444 

o-ie.s 

U (lol i 

1 ; 

l;;:; 

(I a; 7 

o-:. 7 s 

(e(i247 132 

(r3s^ 

it-.'s;! 

1 !•( II !;;-j 


Isa 


O-fiUS 

0(1741 170 

(e3sii 

n-i'ilii 

0 ■ ' ' 2 2 ! ' 

47*’ 

14S 

^•^i::4 

u-noe ■' 

0':'0'2 137 

o-r.sT 

01.33 

iriq ) 


IsJ 

U-iKiJ 

li'To; ■; 

o-o'.MKi [s:; 

iiCio:! 

0-C.24 

iielo! 


;lOf) 


o-i;,7:i 

(i'ii23;l 




Is 

l:i:' 

O' 720 

(1-721'. 

(1-2.37 132 

(|■(■.73 


(1 ti.U!;' 


IM 

(e;:j ; 

n-74u 

0-211 IVe 

(e(:ii4 

0(17! 

0(>; r.e 


1 1.") 

(e73i» 

O'T-iO 

(1-21(0 133 

o-72o 

(i’73(. 

0-0333 


] s2 

o-73!i 


o•3os 170 

(i-e:i 

(1-731 

e-o24l 

l!l 

132 

(fson 

U 030 

o-ni 132 

0-S13 

(IS 13 

0 -0(133 


ls4 

0'U07 

(i'li47 

LI- 031 .) 17(.i 

(, 1-7 7e 

(!-7so 

((•(III 14 

ID* 

14 :. 

U'U3l 

U')31 

o:;3i 13.' 

((--.ao 

O'laai 

(.1-130 


is:' 


(e!il)2 

(I-SS3 is2 

0-732 

(*-77'i 

o-moi 






li-:*.:; 

0-7SS 

no 133. 





xf'oa' of /ik.vidN. 





The figures ol)lain(‘d sliov tlmt only those mixtures in which tlie 
concentration of liydroehlorie acid was of tlie diimmsions t.f approxi- 
mately 0 ‘4. V wve ;i}i]>aivnt ly at t'(|uilihiiuni, and in those mixtuiex' 
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Table IV. 

Filt ra 1 1 '. Ult ra-filtrato. 

Days Days 

Flask from frooi 


Xo. 

start. 

Hh 

cr. 

SiiO.. 

start. 

ir. 

cr. 


12 

i;}4 


0-203 

0- 0000*3 






17G 

U-195 

0-202 

()-000()35 

175 

0-193 

0-190 

d '9(11 11)3,-; 

44* 

145 

0-302 

0-291 

0-0092 

140 

0-286 

0-311 

Zoi’i) 


185 

0-314 

0'331 

0-0019 





li 

135 

0-301 

0'392 

0-0012 

133 

0-398 

0-416 

o-riool 


175 

0-302 

0-397 

0 -00044 

175 

0-380 

0-396 

O-OOUOG 

13* 

141 

0--171 

0-501 

0-0428 

133 

0-4Si) 

0-482 

0-(J023 


178 

0-504 

0-510 

0-108 

178 

0-400 

0-400 

0-9027 

2 

llfl 

0-484 


0-0011 

119 

0-481 


(>601, 


107 

0-477 

0-505 

0-0058 

101 

0-487 

0-527 

O-O023 

in 

135 

0-575 

O' 50 8 

0-080 1 

133 

0-579 

0-578 

6-(i),>s3 


175 

0-5 00 

0-575 

0-0881 

175 

0-576 

0-578 

O-Cioos 

42* 

145 

0-010 

0-020 

0-125 

134 

0-010 

0-610 

(V (11)7 8 


1S7 

0-080 

0-730 

O’lll 

185 

0-501 

0-578 

o-ooei 

3 

124 

o-oos 


0-245 

119 

0-046 


O-OITO 


100 

0-704 

0-733 

0-278 

101 

0-674 

0-693 



215 

0-708 

0-732 

0’2S3 

239 

0-735 

0-748 

o-iiiso 

n 

no 

0-738 

0-771 

0-332 

119 

0-749 

0-746 

0-filiN3 


175 

0-771 

0-703 

()-308 

175 

0-691 

0-097 

O-OITh 

41* 

1(1 

0-778 

0-74 3 

0-455 

1 33 

0-723 


o-02rin 


170 

0-802 

0-8U4 

0-4 90 

170 

0-703 

0-722 

0-(ili;2 


150 

0-013 

0-083 

n-7S4 

150 

0-850 

0-889 



2311 

n'032 

n-iios 

0-701 

2,33 

o-:80 

0-78S 

o-('2s: 

-in* 

I 11 

1 -2 1 3 

1-277 

0-912 

133 

0-900 

0-923 

<l-(i4.1ti 


178 


1-200 

(1-000 

173 

0-912 

0-9 IS 

ii-(irs 






- 98 

1-010 


(clyi 

(1 

158 

1-174 

l-2es 

1-239 

153 


1-O20 

o-nii’.'o 


241 

1-282 

1-350 

1-090 

230 

0-909 

1 •o:!o 

O'liiilti 

7 

01 

1-31 


1-210 

91 

1-290 


n-2uti 


140 

1-433 

1-525 

1 -fiso 

149 


1-130 

0-112 


24!i 

i-nX) 

1-5! 17 

1-220 

235 

0-980 

l-olo 

n-t)M‘2 


tlie amount of jstaiinic acid dis])crse<i was of negligible diineii.^iuiu. 
It a])])ears, in fact, ib.at a certain ininiiniiiu conccutratioTi of hydrn. 
chloric acid (0'4 O’dA') is n(‘ccssary before any appreciable amount 
of eitluT, a- or [i-stanuic acid is dispersed. The latter coiicliisiu!i h 
in harmony ^viih the fact that stannic hydroxide is si ronger as an 
acid lh;in as a base, and in its geiKTal a.spects bears a resen ihliain 
to the H'sults obtained by one of the authors (T., 10(18, 93, 41li 
from measurements of the solubility of arsenions oxide in water au'l 
hi hydrochloric acid. 

With ri'gard to the eonpKj'ition of th(' filtrates, some of tfir'^r 
sliowod an increase in the amount of tin dispersed with incroniig 
time, whilst others showed a. decrease in the tin content of tladiiiiii'J 
the greater the age of tin’ Jiiixtiire. it was noticed, liowever.thal the 
latter behaviour was shown by those nti,\tm'es in which g(’l fonmUiuii 
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had cnuinieiicod, and a change of i!ii.s kind would obviously lead to 
'i-eduction in the amount of tin in the liquid, it appears prol)able, 
thoreforc, that the two kinds of bo]ia\'iour alluded to represent two 
fi.ros which, given sulHeient time, might be n^alistal for all the 
luixturcs, namely, a gradual increase in the anujiini of (in dispersed 
until the liquid acquires a concentration at wiiieii gel forniatioii 
•diuiucnccs, when the tin content of the liquid will begin to fall; 
the results obtained with flask 7, in which gel format imi was observt'd 
one hundred and seventy days from the comnu>ncement of the 
experiment, support this viewa As regards the ultra -tilt rates, the 
composition of these also slu^wcd changes in both dinanions, 
although the decrease in tlu^ tin content was tlu- more noticciibic 
phenomenon; it is xvorthy of note that this decrease in (he amount 
of tin in the ultra- filtrate was sometimes ol)>ei \ i-(l even while the 
till content of the filtrate was increasing, 'riiese changes in the 
composition of the ultra -filtrate are probably piineiimlly due to the 
dow hvdro lysis of (lie tin compound at first present in true .solution, 
this hydrolysis being facilitated by the changes in the lifiuid arising 
from gel formation. 

It will be observed that in the majority of eascr^ the eoneenlration 
of hydrion and of chloridion in the ullia-liit rates was lower than in 
the corres landing filtrate's; this is accounted for l>y the fact that 
the ions in question are adsoi'bed by dispersed particles of stannic 
acid contained iu the filtrate but not present in the' ulli-a-tillratc. 
The analyses also show that in some of the filtrates the concent rat ion 
of hydrochloric acid incrcaseel with the inen'asing age of the mixture, 
but this behaviour is easily envplainable. The stannic acid lirsl 
adsorbs hydrochloric aciei, thus reducing the original concentration 
of the latter in the liquid; as the stannic acid peptises, however, it 
carries with it the adsorbed acid, causing, therefon', an increase in 
the concentration of hydrochloric acid in the scliuion w ith increasing 
age of the mixture. 

College of TEcnxoLoav. 

Manchestee. [/Pet M'.irtit '21^1, 


CXXXVn.— r/te iSlruclure of the Bnizciu: Siidnis. 
Pari L Inti'a-mcledr Taidoincrism. 

By Chki.stophkk Ivklk iNtan.i). 

approaeliing the (|Uestion of the const it ntion of the benzene 
nucleus it IS essential to recogtiisi' that tlu' best criterion of the truth 
of any suggeo,.d structure is its bearing on the problem of the 
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iinitication of the ossontial reactions and basic general principj,, 
of the two main branches of organic chemistry. This attituiln 
fiiiidameulai to the argument outlined below\ 

Hitherto the aliphatic and aromatic branches of organic elK'Hii^lj,^. 
liavc remained virtually distmet, each the field of operation nf if' 
own general and the older conceptions embodied in KokiiV^'. 
d3Tiamic formula (I), Thiele's half-valency formula (11), and Am 
strong and Bae^'er's centric formula (III) leave the problem 
collation practically untouched; indeed, the centric formula 
nitely places benzene beyond the reach of any conceptions whidi 
could be evolved solely by the sliidy of aliphatic compounds. 
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Considerable hi.storical interest attaches (o formula lA', wliich mv). 
first suggested b}' Dewar {Frac. Uoij. Soc. Filin., 18G() — 18(57, Nf);u 
one of seven possible formuhe for Ix'iizene. Another of tlie 
was the ordinary Kekulo formula, proposed by Kekulc in bSfi.a ajit] 
reported on to the British Association by Dewar in 1868 {//.r,. 
Brit. Assoc., 1808, 34), after Dewar himself had become aerjuamt-v] 
^Dth Korncr's position theory. It is perhaps remarkable tlm 
Dewai's bridged formula (H') lias never gained aiyy considcraD' 
measure of acceptance ; indeed, it seems never to have been .seriomlv 
considered in iTlation to ihe chemistry of aromatic compounds 
although Ivaullmann has em]do\aid it in the development of hi; 
theory of fluorescence (A/ 2 reu 6 ''s Vortrage, 1008, 12, 35). Bnpvpr 
did not regard the bridged formula a.s a po,'«sibility worth exaiuiuiD" 
at ain' period during his experimental researches, and in Riehier's 
" Organisehe (liemie (edition 1000 — 1013) no mention luful? 
of it even in connexion with obsolete formulcC such as tho.m of (Tiis 
and Ladcnimrg. Yet it is llie purpose of this paper to show tin-t 
Dewar's formula, eonsidmud in relation to ])rescnt-day eonceptkn' 
of carbon tautomeri.un, is the clue to the eoii.stitiition of the aromatic 
uucdcus. 

Ill tlm first plaee, it is necosary to refer to eertain aliiihait 
Imdged-ring compounds wliich appear to occupy a positicui in tlie 
systematic description of organic compounds intermediate Iictuie:: 
tJie alii)hatic and the aromatic .-cries, it lias lieen shown (FarMur 
and Ligold, T., 117, 13(54) that certain acids coiitaiiiitg 

brirjged yydopentane ring liehave imdci' tlie intlueiice of partiouLir 
reagents as tluuigh they i>o,s.se,ssed, mat a bi'idge, but ati endocyclif 
double bond; or, as it i.s equally correct to say, certain monocyclic 
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„„siluratfcl compounds behave towards some roageuts as though 
,|,,.v euntained a bridge-bond similar in many respects lo the ]»ara- 
in formula (W). I'lic same compound may be oxidised (as 
though its constitution were represented by formula \’) to a cydo- 
propane derivative (VI), and also (as if its structure wctc expressed 
l,v formula VII) to an unsaturated open-ehain acid (VllI) : 


CX 

.... CH‘CO,H 


CX 


-i i / 

— CMegN i 

Cile/ I" ^ 

^CHc/ ^ 

CH 

(■H-COjT) 

■ CH 

"\ ( 
COJI 

(V.) 

(VI.) 

(VII.) 

(vm.) 


y'ow Ihe iiiv(‘s(igation of tlu'se l>hdge-bonded com])ounds is obviously 
,,f great importance fur the understanding of aromatic ciiaractcr. 
;;]i(l Ihc signiticant fact in this conmexion is that bolh formuiaj 
(\’) ami (VJI) arc necessary to explain the reactions of the substa.nce : 
t(,r recent investigation has shown (KaiTtier, Inguld. ami d'lioi-jxa 
liiis vol., p, 128) that all these eompounds have a dual set of prf)pia- 
tio-. Till' view which has la'cn adopted, and wliicli appears to lie 
the only one capable of explaining tlie facts, is that the tyjics (\') 
mid (VU) are merely pliases of a state of tautomerism invohim^ 
valency exchange across and within the ryc/opentane rine. The 
two ^ndi^dduaIs, it v ill be observed, are valency isomeridcs and no 
transmigration of a liydrogen atom occurs. Tlie process is repre- 
.wnted thus ; 


CX 


ICo.. 


cv 


CH 


CX 

ChVey : 

CII 

('I’raiisitioiial plmse.) 


CY 

CZ 


CMp.- 


CX 

CH 

‘VII. ; 


CY^ 
CZ ■ 


.(Y.) 


the ■■ centric “ pha.se, for which no direct cliemical (‘videnee exist.^;, 
being inserted to aid visualisation of this intni-annulnr valeiicy- 
exciiangc and to rejiresmit some uncomprehended intermediate 
condition which must occur, iiowcver transiently, at some moment 
during the traii-sformation. 

Jl is obvious that ihis phenomenon, wliicdi has iioen termed 
" iiiira-annular taulomefism." and lias been strikingly eonfiriiied^ 
by more recent expeiinients, must, if it is true, permeate every field 
of organic chemLslry in which cyclic compounds arc met with. and. 
m iiarticular, must be fundamentally coiiceriit'd in the production 
01 aromatic character. Xow for .stncral years past, and on (piite 
other groimd.s (below), the author has held the view that the true 
Conception of the benzene mulecuk' is a dynamic one, in which the 
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bridged phase {IV) occupies a position intermediate between tl](^ 
two double -bonded phases (1) : 



VV; 

A 

%/' 

ii : ii 

\/ 

\// 

(I.) 

(IV.) 

(1.) 


Wc know tlial a bridge- bond, ecpially witli a double bond, jj, 
in\’ai'iably a point of uusaturation, so that each of these tJireejdiasej, 
consists of an endless (or closed) chain of unsatiiratod elements. 
Let us isolate from this double equation the right-hand member 
only, and expand it. by introducing a formula for the transitional 
state: ^^■e obtain in this way equation (C), in which the analofiv 
(contining allention for the moment to the right-hand sides of tb- 
dotted lines) with the tautomerism of the fivocarbon rings (cquatiun 
.1) is very striking : 


C'H 


-(‘H 

;t'H 


vu 

(IV.) 


CK 


(Transitional [il 




>ci\ 

yVlI 


VR 


H'R 

JCH 


|CH 

(I-) 


(f'S 


The complementary transformation in\olving th(‘ portion of the ihj^ 
to the left of the dotted lines is that eoiTesponding with the k-f'. 
liand member of equation [B] and is exactly similar. In shuit. the 
five-earbon intra-amiular transformation constitutes a simpk^ motkl 
illustrating the rearrangement of lialf the Iienzenc ring. 

However, such an analogy, although striking and valuable 
confirmation, proves nothing, and the contention which has bm 
made clearly requires the strongest po.ssible supporting evidence 
In the follo^^■iIlg parts of this series it is proposed to submit nw 
experimental evidence bearing on the question ; the purpose d 
the present communication is to indicate by some typical ilhistra- 
tions the manner in which certain classes of Ivnown fact coniirmth!' 
view which has been adopted. 

Probably the most characTeristie,, unique, and most extenswolT 
observed ty}ie of change which aromatic compounds undergo s 
the benzenoid-quinonoid transformation. None of the formuh 
1, II, 111, posses.ses as jiari of its face value any feature which clearly 
suggests the remarkable pre\’alenee and the uniqueness of this changt: 
Plainly, however, the introduction of the bridged phase brings tte 
transformation exactly into line with those reactions which resm' 
in the formation and lission of liridgc- bonds in the aliphatic scikj 
• no other formula can do so. .Many reactions of benzene and k 
sul).stitution products are reactions of the bridged form ; many .u 
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.vjctions of doubic-ljoiidcd foi’Di. For instance, the electrolytic 
, Elation of benzene to ;p-benzoc|UUione is a reaction of the bridged 
' ja^e and is exactly analogous to the oxidation, recently accom- 
lllhhcd, of a bridged tautomeric individual of type V to a cyclic 
1 ; ^ di ketone : 


CH 

acgjcH 

Oil 


CO 


HC( 

HCi 


|CH 


CO 


CX 


CV 


CK 




^-OY 


'GZ 


CO 


oz 


Xhc oxidation of quinol to benzoquinone is caused by the addition 
of t\vo hydroxyl groups at the bridge : 



hq/ X--/ xqh 



These iuslanees arc typical of a \ery large family of reactions in 
wliioli paraaiuinonoid structures are produced In' oxidation or by 
iulditive reactions. It seems scarcely necessary to add that the 
(liangcs which result in the formation of ortho-quinonoid structures 
aic reactions of one or other of tlic double-bonded (Kckule) phases 
uf the aromatic complex {B). 

With regard to the formation of Ixuizeiioid compounds from 
(^uiiionoid, it is to be remarked that wlmnever the elements of water, 
livdro^eii bromide, etc., can be eliminated from the 1 ; 4-positions 
of a para-quinonoid substance a benzeiioid structure is produced, 
usually with quite remarkable ease : in fact, it is generally impossible 
to isolate substances capable of undergoing this reaction owing to 
the facility with which it occurs. An illuminating instance is the 
reduetiun of anthrone to antlii'acene ; here the primary reduction 
product, although very unstable, can be isolated, and, on loss 
of ivater, passes into anthracene : 


CH., CH, CH 


fill 


\ 

. kV' Yh 

1 - ' ' 

rim 1 

j (-H 

i ']| i i ' i 

■" \/\:/'\/ 

(..'0 


I'H 

'riit' e^(al)ti^hme 

nt of paia-linkLiigs 

by this 

mcan.^, and the cxira- 

i.linary case with 

w hick the changes 

take j.)h 

icc, find exact pnrralicis 


ill a mmilxT of instaneos of the formation of bridge-linkings across a 
fyr/o pentane ring. These cases arc discus.sed in the jiaper previ- 
ously referred to (Farnier, Ingold, and Thorjic, loc. at.), and it is 
only necessary to notice iiorc that none of the substaiiees under- 
going the reaction could be isolated owing to the facility with which 
it took place. 

VOL. CXXI. 41 K 
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Liti'i'change between lien/enoid and para-quinonoid system^ c 
take ])laee, lKn\ever, net only by addition and by eliininaiiQ.j (j 
groups, but even by tautomeric interchange, and tliis f^ireumstaii^., 
constituto.s one of tlic strongest reasons wliy the recognition of tijj 
bridged pliase of the benzene nucleus is essential for the cullan,.., 
of the properties of aromatic compounds with known facts relaii,).! 
to the aliphatic series. For instance, tlie tautonnaisni of antlin,)., 
with anlhrnnol (K. H. llleyer, Anmilcn, 11)11, 379, 30, -13) rcnmiij. 
inexplicable and uiicollatcd })y the general theory of koto-c];,; 
tautomerism as developed by tlic study of aliphatic sulestaurt.. 
unless a bridged jdinse for antliranol be assumed. If^ 1)(JW(’\(.)- 
we may sujipose that antliranol reacts in its bridged form, tlun th(> 
change can he expressed as follows : ^ 


Cll 







('iiiiij 


(?:() 


{the mobile Jiydrogen atom being shown in brackets), ami t[i>. 
analogy of aromatic kcto-enol change in general with ordiiiarv 
aliphatic keto-enol tautomerism becomes complete. 'J'he fnriud 
identity of the types depends solely on the similarity of a brid^i'. 
bond and double bond as elements of unsaturation (Farmer ami 
Ingold, loc. ciL). in each case the mobile hydrogen atom (shuvc! 
in brackets) crosses the keto-enol system C'— C— 0 : 


•C=0 R 

R.c=-cd;)[H] 

•9=V- 

H-C-C-0[H] 




Alij.lK.t 

ic Keto-Enol Cbanu’' 





Aromatic Eeto-Enoi Change 


-c=o R 

II !, ' 

(to 




t>T 


(to 


In the same wdy, the formation of qiiinonoid structures from 
aromatic amines by rcjvcrsiblo isomeric change falls within the 
category of imino-cncarac tautomerism, since liere the mobile 
liydrogen atom passes across the system C — C — X. 

Coupling reactions are evidently bound up with the pheno- 
menon of tautomerism in a very intimate mannm', and form aiKother 
striking illustralioii of collation v itli the alipltatie .scries on the liasit 
of a bridged 2 >has(‘ of the henzeru' nucleus. Fhenol, for instaiim.'. 
condenses with cliazonium salts througli its bridged form, Ihe kctoiiic 
(or anthrone-liko) modification of whicli (rtdated to the liiFF'cI 


A paper oil tautonicrisiia ^^■luc)l iru’olvfs iho opening tuid closing of -(m/i' 
four-carbon rings viil sliortiy be published. 
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•iidividiial much as ethyl acctoacctate is to ethyl (5-hydroxy croton- 
lito} is constituted absolutely analogously to those compounds of 
ilic alipiiatic scries wlilcdi show corresponding properties :t 


/CmtUx. 
HO'C( )ci- 

\ch:ch/ 

/llXdl , 

1 - ■ >(11., 
\'h;ch/ “ 


rh'Noi. 

OK'.Mes t 

)CH, 

0:CMe/ 

co.,h:t<Ti:cH, ... 

)(:iF 

();(’{(.)ht)/ 

Acdi^l<:icctoih\ 

//f (ihitacrj)nttc. 

((.'ouplin^^ 

[josilion marked *.) 


]:;a]v and Ewbank supposed, in order to aeeount for tin* absorp- 
lion spectrum of phenol, that this substance exhibits tautomerism 
mid contains a mobile liydrogeii atom (T., 1905, 87, 1317). The 
miaiogy with anthranol (p. 1138) suggests that phenol, although, of 
course, it is ])ractically completely cnolic, should be capable of 
exhibitinf’’ mobility of the kind shovm in the c({uation above, and, 
indeed, there is much elieinieal evidence available wJiich proves 
that the para-interchang(; postulated can and does occur in phenol 
itself and its derivatives. For instance, Wallach found {Aunulf ti, 
1905, 343, 42) that tetrabromocyc/ohexanone, when wanned alone, 
last two molecules of hydrogen bromide. The product should bo an 
iiiLsaturated ketone, which, according to the view under discussion, 

Is the kctonic modiiication of the l)7'idged phase of 2 : G-dibromo- 
phenol : 

XTh.-OBr.,. .C'H:CBi\ /CHX’Brx 

CHX “ “ X’O ^ )CO CH ; -- - - - )C-OH 

■^CHo-CBr/ “H'HX'Bi- "X'HXBi-/ 

As a matter of fact, the product was ordinary 2 : 6-dibromoplienoL 
showing that conversion from the keto to the enol form by the 
movement of a hydrogen atom across the six-carbon ring actually 
does occur. This is ljut one of many instances which might be 
cited. Tautomeri-sm, liowcver, is reversihk' isomeric change, and 
it is necessary, tlicrcfore, to shou' that tlie retrograde transforma- 
tion, that is, from the enol form to the keto-form, can also take 
place. One instance of the oceurrenec of this change is fnniislicd 
by the formation of 2:4: G-tribromophenol bromide from phenol 

' Vtilhout doubt if is llio eiiolic n)i' I'lienolio) forsii acnially under- 

iL'dps i.lip cuiuleiisatioii (compare K. H. Moyt'r, (nr., 11^-1, 54, _/b- --bo); 
iii'vt'i'tlicloss the siibstitutcd plieno] lluis fanned can juxs.s into us ketonic 
mod itl cat ion, which nccouiUs for itii cip[uiront. ideiuuy with ilie qiiiuone- 
plienylhydrazone. Siiuihir consider.ition.s ap[ily to the reiution between 
plieiiol and nitrous acid. 


li K 
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and bromine water. Tiio constitution of this bromide ha^i 
cstablishc'd by Thiele and Eichwede {Ber., 1900, 33, 673), who havo 
converted it into 2 : 6-dibromobeiizoquinone by warmincr 
aqueous lead acetate : 

X'HlCBr. /CIECBiv 

CBro( )CO OC< )CO 

“ ^CHICBi'/ ^CHICBr/ 

The bromide, therefore, is the tetrabromo-derivative of the kctoiiif 
modification of phenol, and its production must at some stage luuc 
involved tautomeric conversion of the (bridged) cnol form into tX 
keto-form. 

Phenol, however, may also exhibit the kind of kcto-enol taulomi-r. 
ism which corresponds with the ordinary double-bonded foruiula foi’ 
that substance, and it is this property vhi(k doubtless deterniiu-'^. 
the course pursued by the Keimer-Tieiuaiin reaction. AlkyliithiU 
occurs on carbon as follows : 


CH CH CU 

HC; JCH-CHCL, HC| ,jC-CHCI., HC:, 

C'OH CO C-OH c-oa 


That this is so is proved by the fact that o-cresol, which, like all 
orthodisubstituted benzenes, has two double-bonded forms, gives, 
v'hen condensed ^vith eliloroform, two producls, one eorrespoiidine' 
with each of the Kckule forms of o-cresol. One of these produrt^ 
is a homologue of salicylaidelnxle, but the other is a ketone, whicK 
owing to the position of the methyl grou|), contains no niobik 
hydrogen atom and cannot revert to an eiiolic (phenolic) condition. 
Therefore, the general course of the series of reactions which would 
have taken place in other eireumstatices is, in this instance, aiTC-vtod 
with the formation of a substance the constitution of which clearly 
reveals the mechanism of the change ; 


CH CH 


IlC^'^XCH 
HC;^ ^CMc 

(>OH 




HC^ 

HC. 


IC^He 

V /^^CHCl. 
CO 


(iiun-tautoineiu;j 


CH CH CH CH 

Ho/\cH •> ,, HC y^CH-.- HC/^CIF-- HC:'''' Ch 
HC'I. .CJlc CHCl-c'^/C.Me Ole 

C-OH ^ CO C-OH C-OH 
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In the case of ^'Cresol, there are two forms onty wliich are capable 
of undergoing tautomeric change of the keto-enol type : one is 
(lonble-boiided and the other is bridged. If those two forms be 
t^'aniined in relation to their ahility to enter into eondensation 
cldoroform, it is at once observed that in this instance it is the 
c-ondeiisation of the bridged niodilioation whicli must be <ari’ested 
after the initial stage owing to the abseneirimtn the initial condensa- 
tion jivoduct of capacity for taut oi nor ism : 

('Me CMed'HCl, 


HC''- 'CH . HO.f VdK 
\l(\ -OH 

C^H i:0 


(noM'tautomf^rie) 


^ i p-tVeW. 

dll' CMp dfe CMc 

'!c/\C:H -nHc/\cil Hc/'\cn -> Hc/'''' f:H 
/('ll ciTce-c^ /m (’iio-c'^^^.oh 

“ CO (>0]T 

.vtiially this is wliat oecurs (.\uwoi's and others, Ber.. 1905, 38, 
1093, and earlier) and it is diffienU to imagine a satUfaetorv altenia- 
live explanation. 

A large class of reactions in wldeli ilu' ])ro]:ierties tii' the bridged 
jiliase of the aromatic luicleiis are manife.sted i.s lluit group uf 
irmvcr.silile i.snmerie ('liange.s which hsid ultiinately to substitution 
ill the para-po.sition. A well-known instance is the eoiiversion uf 
iiKthyluniliue into p-toluidine. The ,-iinplest assiim]itinu wlueJi 
(iiic can make as to tiie mechanism of this eliangta intleed of all 
reactions of this typi*, is tliat tlioy lake place tinougii tiie In’idged 
[iii'ises of the initial and tinal })ro(lnet.s. 

Inniy eontlicling views luive In'cn exju'esssil rrgavding the 
nieehanisin iw which suhstituents in general enter the lienzone 
insdi'Uv, i)nt that whieli seems to have gained the greatest tmaisure 
ei acceptance, and wiiich is certainly liu' simplest and UKisi vatiuiial. 
k that. in general, addition to one >'f tlie iluultle bonds of a Kckule 
]>Jiase ri the first stage, and that tiic eliinlmuiun of water, liydrogen 
hi'omak', etc., is a siibseijuent oc*. arrenue. Hollemaiiu l,)ie 
Hirekt Minfiihrung von Substituenten in den Tlenzolkern ") has stated 
tins liypotliesis in very elear terms, and has further sujiposecl that 
t!ie directive influence of groups is to be attrilnitod to their inereas- 
ing or docvea.siiig tlie reactivity of the adjaceiit double bonds, Heiv. 
however, a diiUc.ulty is encoiuitiM'ed in c'ounexion with tlie necessity 
ior bringing ortlm- and para-snbstitution within the same sriunue. 
this difticulty Mollemann endeavours t<t meet by introducing a 
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somewhat unsatisfactory assumption in which the Thiele hyp^ 
thesis * i,s eni])loyed in a highl}^ artificial manner, but froia 
preceding discussion it will be plain that the recognition of tlir* 
bridged form of the aromatic nucleus as an essential phase of 
complete tautomeric scheme obviates the necessity for any sup]^ 
supposition. One must indeed assume that those groups (the ortho, 
or para -directing groups) which enhance the reactivity of the adjacent 
double bond also favour that bridged phase in which the bridge h 
attached to the carbon atom carrying the group. This, liowerer 
seems probable on general groimd.s, for such groups would enhaiu'e 
the reactivity of an adjacent bridge -bond, and thus render the bj’kbe 
phase more prone to yield evidence of its existence by entering into 
chemical reactions. It is ^voll known, moreover, that groups, .such 
as hydroxyl- and amino -groups, which favour conversion by oxika. 
tion or isomeric change into qiiinonoid structures invariably have 
ortho- and para-directing properties. Phenol, for instance, ha? 
two principal pliases, one double- bonded and one bridged, and the 
nitration of phenol, therefore, yields a mixture of ortho- and para- 
isomerides because the first stage of the proces.s consists in the 
addition of the group.s IIO—NOg to the activated double bond of 
one phase and to the bridge-bond of the other. 

In the case of compounds containing substituent groups which 
decrease, or, at any rate, do not enhance, the reactivity of tlie 
adjacent double bond (or bridge- bond) it is probable that tlie moM 
vulnerable of all the possible phases is tlie bridged form eontaini!i" 
a bridge-bond between tw’o carbon atoms other than that whicli 
bears the .substituent. In certain cases, however, metn-snbstitii- 
tion may proceed through the double-bonded ])hase in accordance 
with the mechanism .suggested by jlolleinann {he. e/7.). 

These, however, are amongst the many matters which will liavc 
to be settled in tlie future b\' ('xpcrbncnlal invo.stigation, for it k 
plain that once the broad principle outlined in thi.s conimunicalioii 
Is accepted the whole field, not only of benztaie derivatives, but also 
of naphthalene, anthracene, pvTidlne, and acridine derivatives, 
indeed of all aromatic compounds, lies before us, and much carefully 
planned experimental work is napfireil. It lias been stated, how- 
ever, that quite apart from siieli new jiroof as can be obtained 
from .sjKwially deviscfl expt'riinenls, th(‘ general liypotliesis requires 
definite support from the mass of Icno’un facts relating to the 
aromatic .series. Certain directions in wliich supporting (wideiicc 
may be obtained hiwe been indicated above, but it i.s iiot tlic 
])iirpose of the piesent paper to deal with this a.sjiect of the subjcci 
even moderatxdy eompletehc It is desired rather to adumhralc 
* A paper dealing witJi ihi.s suijjecL wiW shortly be pnblislietl. 
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l,v means of a few chosen examples the manner in which some 
degree of preliminary justification of what appears to be a reason- 
.jlJe working hypothesis is to he sought, and in whicli the theoretical 
origin of the experiments described in the following series of papers 
^vas actually reached. 

The author owes to the kindness of Sir James Dewar the informa- 
tion contained on p. 1134 regarding the early history of the benzene 

formula. 

The Ihpekial College of Science and TEcnyoLOGv, 

South Kensingtox, S.W. 7. [Rfc^irerl, Jauuarij 1922.] 


CXXXVIIL — Siructure of the Benzene JSudms. 
Part 11. Synthetic Formation of the Bridged 
3Iodificaiion of the Nucleus. 

By ClIKISTOPHKR Kelk InGOI.I). 

Tt has been suggested that the duo to the constitution of the benzene 
nucleus is to be found by recognising a certain bridged striietnre, 
composed of two cijclohuiem rings, as an essential phase of the 
tautomeric system of which the nucleus consists, because by making 
this assumption a very far-reaching collation of the eharacterislies 
(if benzene derivatives with know]i phenoinena relating to the ali- 
j)hatic scries can be secured, and a great diversity of facts rendered 
coherent and intelligible. That so wide a collation should flow 
froiu such a simple assumption seems to he the strongest justilieation 
for its introduction. Xcverthde.ss, the matter is an important one, 
and therefore it appeared highly desirable to carry o\it certain 
expcriimmts specially designed witli the object of attacking the 
subject from su(‘li a totally diff('rent ipoiiit of view that any evidenee 
obtained, if coiiHrinatory. would b(‘ conx'spondingdy convincing. 
Several inetlnwlsof apjii'oaehiiig the ]>roblem are oecujgving attention, 
hut i]’ the present pa])er it is pro])o.<(d to consider only the evidenei' 
imivkled by certain .synthetic experiments which liave ennhrmed 
in ail intere.sting and singular manner the hy])othesis propo.sed. 

The benzene nucleus has been built U]) from aliphatic compounds 
in a great variety of ways, very fev.’ of nluch, however, can be 
termed rational syntheses, if hy that is meant that some deilnite 
■''ti’iicture is indicated. Kven if we lca\e entirely out of aeeount 
C'ondcii.sations in wliioh six, tiiree, or tv> o molecules take part {for 
('xample, the. fnrmatiim of benzene from six molecules of nu'tliane, 
of nie.sitylene from tliree of acetone, or of jn'romcliitic acid from two 
<4 v.Vililiromoglutarie acid), and consider only tlio.^i' internal 
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condensations in which the aromatic nucleus is produced, fro^ ^ 
single system of six carbon atoms, it would appear that tlie vast 
Tnajority of these give anihiguous indications, lake, for exanj^il^, 
tlm formation of orciiiol (3 : o- dihydroxy toluene) from dehy(h'acet]rl 
acid (Collie and Myers, T., 1893, 63, 124). The initial stage, c,f 
the reaction, which takes place in the presence of conccritratcr] 
alkali, are easily understood : they consist in the fission of tli(. 
^-lactone ring, the loss of a carboxyl group as carbon dioxide, aufj 
an internal aldol coiidciisation. It will be noticed, howevd', 
there are two ways in wliich the elements of water can be oliniinaH 
from the aldol condensation product : Oim way leads to the Ivrkuh 
formula for orcinol, the other to a bridged slriictiire, whieli, according 
to OUT liYpothesis, is merely a phase of tiie nuclear tantomerisni of 
tliat substance : 

CMc 




PAKT II, 
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and comparison forms a remarkable illostration of the 
<in£ridarly close analogy between the aromatic nucleus and the 
homocycUc nucleus present in the simplest knouTi cases in which 
intra-aiinular tautoinerism is exhibited. 

Several syntheses, however, have been accomplished in which the 
of ambiguity illustrated by the preceding instances does not 
arise, and it is a curious fact that ail these point unmistakably to 
the doublo-boiidecl form of the nucleus as the form actually produced 
bv synthesis. One example is provided by the formation of 
cumene from the condensation product of a-methyl-h-cthylaer- 
ddehydo and acetone (Barijier and Bouvcault, (Jon-qd. mrd., 1S05, 
120 , 1420 ). 

CH,Me 

ho/ [Co:de 


c:dc 





dhereforo, in spite of the dirficulty of niimjiivting many of the 
raictious by means of wliieli the aromatic nucleus has been produced, 
the double-bonded formula for benzem'. receives from synthetic 
experiments the full ineasure of tlie support which tlnw arc callable 
nf atToi'ding. The sam(> is not true of the bridged furmuia. Oer- 
taiiily anthracene lias lieen obtaincLl from benzene and ae(‘ty]cnr‘ 
tetra bromide liy condensation in the presence of aluminium chloride 
(Aiisclmtz and Bltzbacbcr, 188ik 16, 023), and it i.s very diflicult 
to formulate this reaction unles.s it is assumed that the central 
benzene ring of the anthracene molecule is produced in its bridged 
modilication • 

CH 

\ /\/ \/\ 

^ -> I ' i j ; 4HBr. 

CK 

Xevertbeiess, it is inipossil^lc to dogmati.-e regarding the course 
followed by the condensatimi if for no other reason than that as 
many as three molecules take part in it. 17 nfortunately, the 
reaction has never been conducted in stages ; it lias not been shoif n, 
for instance, that any struct ure such as 


{ d , Br’CHl'lr , f 
N J Br-CHBr \ 


-CHBr 

.d'llBr 


J- X 

CHBr„ \ 
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is formed intermediately. For this reason it appeared 
to institute a series of experiments with the objoot of achiovin,, 
a rational synthesis of the bridged form of the aromatic nucltn,' 
and, because, for some singular reason, the bridged formula 
anthracene (al)Ove) seems to require less defence against coji, 
vontioii than the bridged formula for benzene itself, it was di-tcr. 
mined to evolve a S 3 ’nthesis of some simple and tyjneal beri?!']',,. 
derivative, rather than of a substance containing a componj-^j] 
TiucIciLs such a.s that of anthracene. Should the bridgcd-iin^ 
substance prod need in this manner be found to bo isojiierie and 
not identical with the expected aromatic coinpoiind, the whole 
theor}" would be finalU' and completely disproved. If. (,jj 
the other hand, it should be found to be identical, then the 
svntliesis, tahen in conjunction with tlie ma.ss of evidence pnnided 
by the characteristic reactions of the aromatic .serie.s (Part I)^ 
would, because of its iiKkq)endent cliaracter, go far to e.stablish tlu- 
truth of the basic hypothesis. Flic essential point of (lie scliotyic 
was, of course, to eondued' the process in successive stages, and. in 
particular, to close tlie two ('//c/ebuteiio rings in separate operations, 
It will be rccoIlccU'd that the tivc-carbon ring 8trueturc.s (aljow.i 
exhibiting inlra-annular tautomerisni were originally syntlifd^-d 
by Perkin and Thorpe (T., 1901, 79, 729) by a metliod which plainly 
indicated the bridged eon.stitutioii of the substanee profluecd: 
the associated c'//r/o])utam‘ ring uas cdos(‘d by an intt'riial (Dice!,, 
inaiiu) coiulensatioji of a r 7 /r/e]U'opaiie derivative containinjy & 
suitable side-chain : 


/C(CXTKt)d'H{C()Jdt)o 
“ CH-CO^Et 


^ClOO.Etj'CH-CCEEt 

'"'C(CO.,Et)'CO T 


Eton. 


It seemed, tlieixT'i'e, that if a r//('/oi)uU'uc derhative with anapjiro- 
piriate .side-chain could l)e prepared, it slioidd l>e possible to edos- 
the seconel ring in a similar niaiincr and thus (d)lniu a (louldc-riii:i 
.structure, v.hich, according to our h\'[Kil]icsis, is the bridged niodiii- 
cation of the lieiizcuc jmclcus. 

The great-diOicuhv which has (hde.veal llu‘ carrying out of iln.' 
interesting experiment has lic'cn tiu' didieulty of prepariiig a >iii1aitle 
c//<‘/obutene cojnj)ouiid ; for iiearly three yiairs ail <'ffor1s in the 
direction met with complete failure. Piceently, liowevtu'. it Ire 
been Tmud ])ossible to isidate from amongst liic pnaiucts of tlr. 
aetion of .sodium on ethyl '^metliylmelliaiu'triaeetaleacye/oludaiieiii 
ester (I) which rcadilv luuh'rgitcs the nnpiired Dieckmann reaction 
with the elimination of ethyl alcoliol. 

There arc two po.ssihlc ways ii] which this n'ai'lion might occiii . 
one leads to the production of a spiran ketniic (li), and tlie oilier to 
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t]ie formation of a bridged-ring ketone (III). Actnnlly the con- 


(J-) 


CH2*CMc‘CH2 
CO-CIIa C02Et 





CH 

•cn 


2>CO (11.) 


CH,-CJIc-CH., 

CO--CH-(l:o’ 


(HI.) 


(leasation takes the second course to the complete exclusion of tlie 
first. The bridged ketone (III) is, clearly, the ketonie form of the 
bridged modification of orcinol : 

CMe CMo C3Ic 

Ho/^CH lic/Or'H 
(ic' k'0‘ HO-C'^ yc-OH y<J.()H 

t’H WI 


Tlic uroduct of the reaction wa-s in fact, identified as orcinol, not 
only by direct comparison with a .specinicii (d that substance, but 
;ilso by the preparation of \ a['ious cliaraeteristie chTivatiyes. 

With regard to the juelliod i.)y wliieh the ketone (T) was olhained 
it may be pointed out that Kon lias recently shonn (this voh, 
p. obi) that (u/r/obutaiiones of tvjie VI may bo produced by 
tiic DIeekmann luelhod from e.sters (iV) of substituted gliitaric 
acid.s in yields of about 1 percent, at best, but that in all probability 




CLt, 




much jai’ger quantities of the keloiiic csUaei (\ ) are originally formed, 
although they arc for the most part (amverted into reduction jiro- 
ducts by tile nascent liydrogeii generated. Nov/ the yield of the 
kcloiiit; ester (1) is extraordinarily small, and for two main reasons. 
The first is coniieeted witli flu' I'cvcrsibility of the Michael reaction 
(Ingold and Powell, IDill, 119, it)70). I. ndei’ l in‘ experimental 
conditions employed a large ])ro])ortion of tlie etliyl [i-methyl- 
mcdianctriacotate (\ II) breaks down into etliyl aeetati* and ethyl 


|i-mcthylgiutaconate (iX). in the iiiitlai slagi's, therefore, Ihcre 
ui'c two eoiiipeting reactions, and it is probable also that llic kctonic 




c'0„i';K'ii,-c.\kv 


.dib>-('o.,i’h 


(Mil.) 




(iX.) 


u n 


■'f •) 
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ester is converted by the nascent hydrogen into reduotio 

■products analogous to those obtained by Kon [loc. cit.), altlioiK-jj 
no detinite experimental evidence on this point could bo obtaiv^j 
The seeojul main cause vdiich contributes to the smallness of tla' 
yield of the ketonic ester (I) is the reactivity of this substance. Xb' 
ring closure by means of which it is converted into orcino] f;;].-,.' 
place with much greater case tliau the original ring closure invtbv,) 
in its formation, Consecpunitly such kctonic ester as is formed j, 
largely converted into orcinol (\\']iich can bo isolated if the conditi<.i)^ 
are favourabh'); <u' into siilistanccs derived from orcinol by cortaiv 
deep-seated reactions u hiclL.this compound appears prone to uiKlr'Vft;) 
under the conditions of the condensation. 

In conclusion, the author would like to guard himself from tlio 
imputation that he sup]Kises tlie production of a typically aromatic 
compound, such as orciiud, by a rational double-ring syntlK^P tci 
lie proof of the existence of the bridged individual in the tautomevie 
system of which the aromatic nucleus consists. Xo single oxiicri- 
ment or set of ex]icrimeiils can prove such a tiling; cumiilativi- 
evidence alone can do so. Xcverthclcs.s, the value of cuniulutivi. 
evidence depends chiefly on its diversity, and therefore it is uopol 
that, when considered in connexion with the testimony alforrlcd 
hy the eh aract eristic traiisfoi’inatioiis of aromatic compoumP, tlie 
synthetic experiments will provide a strong foundation fur tluj 
claim to consideration of the basic liypothcsis. 


E X P E E 1 E N T A L. 

The [i-nicthylmctlianctriacetic acid (^Ei-dimciliylprupaiKtri. 
carboxylic acid) rccpiircd for tlic.se experiments was juxpared iy 
hydrolysing the condensation jiroduct of labile ethyl is-inelhyl- 
gliitaconate and ethyl sodioeyanuacclalc as described by Tlturp.- 
and Wood ('J'., 1913, 103, 1.379). In preparing large (juantiiies 
of the acid, however, it was found convenient to omit tlu: separatiiii 
of the condensation product into neutral and acid fractions and tia- 
])uritication hy fractional distillation of the neutral cyano-ohj'. 
Tlic alcoholic solution in which tiie condcnsatiuii had taken piio 
was poured into dilute hydrocliloi'ic acid, and extracted with ether. 
I'lu! extract i\as evaporated without drying, and the syrupy residue, 
after heating for a short time at ItKh under diminished prc>sim:s 
■wds hydixdy.sed with suiphurie acid. The grcsiti'r portion d tlst 
triacotie acid iwoduccd was readily obtained in a condition of purity 
hy crystallisation from concentrated Itydrocbloric acid, ami thi' 
ultimate residues were purified by e^.terifying and iractioiiaiiy 
distiilitig ilic ethyl esters, but tlii.s prue(‘ss yiidded only a small 
additional amount of materia!. 
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7-7//?// |3- ^Ieth^/hnei]landriacetafe ( VT 1).— S-'Mcthylmpfhanetriacs.'iiL- 
■v-id ^ li'iothyl ester ulicn digested witli 

lilpliurie acid and ethyl alcohol in the iisiia! manner, hut may l»e 
,,.n rihecl almost quantitatively hy the follow ing method. The acid 
,;,00 grams) w'as mixed with 1 litre of a})S(ihit<.‘ etljyl alcohol and 
](!f) o.c. of concentrated sniijhurie acid in a flask fitted with a sdiort 
fi-aetionating column and a condenser. A current of alcohol vapour 
V... 1 S uassed into the flask, which was heated in sueh a way that tlie 
level of the liquid remained unchanged. When 10 litres of dist 
had been collected in the course of Wvc lLi>i.irs, the conumts of the 
jla<k were cooled and poured into water, and the ester was e.\traet(Hl 
witli etliei’, washed with mpieous sodium carbonate, and, after 
jvmoving the ether, distilled und(w reclucrd [wessiire. Tlu‘ elliyl 
Vinetlrvlincthanetriacetate ohtained was a (-iiiourless, mobile oil, 
h. j), iSd— lS7y,'22 inm. (Found: C ASdl : ]r.--8-4. (.-h 
requires II - S-:> per cent.). The yield was almost 

theoretical. 

Arlio)) of Sodium and Potfi.ssiiihi on PPltjfJ '{.-Mi (hulnn ihuiirfrian hip 
Formafion of FJhijl A-MoiliifJnyQMhnUrn-X-ouoAUuotair- (/}, 
Orciuol {III), Ethyl '{-XEthijhjht.iucomif (/.Y). Etlnjf Jrr/a/-, 
E[h>jl Ac( (oacdalf , and corr^-^pondinij Arid J^rodurf.i, 

The llieckinann reaction as ajqdird to (dhyl h-uudhylmoflianetri- 
aeetate was carried o);t in a great variety of ways uilli the ohji'ct 
r-f obtaining a satisfactory yield of ethyl d-methylr/y/ohuland -oiie- 
Aaeetatv' Although tliis end was not achieved, the following two 
jiroeesses were cvol\ ed. 

([} Condrn nation hy lurann of .8Vic//^o/o--d'o finely divided sodium 
(JO grams), prejiaixal nmler hot xvleiu' (JOO e.i\), ethyl l^methyh 
i'i«‘tluinetriae<qatc (fid grams) was added, and tlie mixture heated 
:;t Ihh. 'Die reaction soon eoiiiinc'nced and jirocceded witli 
iTiuhiallv increasing vigour tr) a point at which it wa.s not necessary 
tn ajqdy heat in onhw to niainlain the loinperatine. Tlie flask was 
thi'ii |■emov{:‘d from the oil-bath, kipt until tht“ \ ig<iiir of tlie reaetiiui 
hi-jan tf) abate, and then, although miieli sodium j'einained imat- 
tacked, immersed in cold water to cheek further action. The excess 
of sodium was decomposed bv adding ice and water (the tlask being 
fitted with a, valve to ]>r(went ingress of air), and the mixture 
extracted with etlter (neutral extract). TJie aipieous portion \^as 
acidified with hydrochloric acid and again extracted with ether, tlie 
extract being washed several time.s with aijiieous sodium carbonate 
(qiiasi-acid extract). 'The combined alkaline washings were acidified 
with hydrochloric acid and again extracted (acid extract). 

The neutral extract contained ethyl 8-methylglutaconate,, ethyl 
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acetoacetate, ethyl 3-metliylci/c?obutan-l-one-3-acetate, and 
p-methylmelhanetriacotate. The acid fraction contained 
(3-methylglutaconic acid, [3 - m ct h yl moth an etri acetic acid, acefi^. 
acid, and some syrupy material which was ]iot identified. 

The quasi-acid fraction gave a brown giiiu from wliicli no crystal, 
line solid could hf' obtained. It appeared to form neither a sctiii. 
carbazon(' nor a p-iiitrojdienylhydrazone, and although it reacted 
with bromine and with atndyl chloride, no crystalline derivative 
could be prepared. 3dm gum gave an intenso iudign-blue eoloii,. 
with aqiicous-alcobolic ferric (‘Idorhle; however, it conlaiiu-d inj 
appreciable nuantity of orciiiol, and iiideed the colour was much inoiv 
permanent tlian the colour given l)y orcitiol. Mxqieriraents uiarb 
with the object of determijiing to wliat extent nrcinol is .stable under 
the conditions of the coridejisaliou indicated that it is moderatiiv 
rapidly cojivertcd into a gnni wliieh in tiic emuve oi the separatioi! 
passes into tiu' (]na'^i-aeid fi'action, and wliieh has jiropertHs viav 
similar to tliose of tIu' gum jusi deserilied, 

(ii) Coudohwfiou (fij <>} /Vy/fav.vh^//?. --Finely divided 

pottas.'^iiim (31 grams), prepared iiiuh'r wdl-driia! or jicti’eleuijL 

(b. p. 130— was invited with ethyl I'i-midiiylmelhanetnaectale 
(GO trrains). Xo reaction occurred, (‘ven whim the mixture was 
heated to the boiling ])oint of the solvent, provided the materials 
were quite ])i]r(‘ and dry ; but on adding one drop of alcohol a \ iuleiiT 
reaction took ]dacc, the ])utassiiuu dissolving with tlie sudden 
liberation of a large amount of hydrogen. AMuui tlio reaction Iml 
linished, water was added (the potassium having enliirly vanished), 
and the mixture afdditied with lOO c.e. of euneenti'atial liydiu. 
chloric acid and ("xtracli'd with ether. 3 lu' extract was siiaktv 
with a total quantity of I’dO e.e. of :10 ])er cent, aqueous potessiiiiii 
hydroxide, and then wa'luvl oiu'e witli water (neutral extrisetj, 
The alkaline solution was I'emk'rcal acid by adding IGfl c.e. of 
concentrated hydrochloric acid, and again extracted vvith (Ulier. and 
the extract washed several times with 10 per emit, aqiumtis siKiiiim 
carbonate (first qnasi-aeid extract). The alkrdine washings mviv 
extracted 'With other (second ([uasi-aeid extrad), tlimi aciditied la 
adding hydrochloric acid and again extivictcd with ether (acid 
extract), 

The neutral extract contained ethyl [3-nielhylglutaconaie, etfiyi 
acetoacetate, and ethyl 'i-methvlinethanetriacetatm i lie snlistaiKt^ 
present iu the hrst ([uasi-aeid fraction were not idmitilied. 
second quasi-acid fraction contained orcinol and unideiititiKi 
substances, and the acid fraction normal ,S-met}iylgIutacoi!ie acid, 
'ij-methylniethanetriacetic acid, and acetic acid. 

Kthyl Aceloaatate.—Thii neutral fractions from the condensations 
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-vvlucli socliuTR was eiuployed, uii distillation iindor diniinislipd 
pressniT, yielded a cojisiderablc amount of othyl fJ-melhyhoetham>- 
triacetate together ivith a more volatile liquid. The volatih' 
fractions derived from a large ]uunl)eT of experiments were combined, 
•iiul ndractionated, anti in this way sei)aral('d almost eomjdetely 
into two portions, one of which boiled constantly at 85- -87 mV) mni. 
aiul the other at 1:>7— i:i(V/‘20 nun. d'he former was ideniilied as 
^>tl,vl acetoacetate by analysis (Found; C . TM-i; 

{'ale., (i-— 'to-F; H ■ ^-7 jUT cent,) and liy coiiveivloji ]. 
phenvldbmethylpyrazolone, which was directly compared with an 
:uith(‘ntic speeinien. 

fjhijl (IX.).— The fraction, b, p, 127 - VMv 20 

was unsatiiratcd and on analysis gav(‘ tigures cma-espondim;- 
with ethyl fi-methylglntaconatc (Found: V bO';); II - 8-2. 
(,'alc., C -- OO'O; H 8-() per eent,). (Jn hydrolysis with hydro- 
clilorie acid, it yielded normal iMm'thvlglulaconic acid (m. ]). 140 ). 

.V considerable quantity of tliis {‘stcr had been collir-ted during 
the course of tlieso expci'immils l)(‘for(‘ it was discovered that 
despite its constant boiling poiiit and correct einjurical composition 
it contained an appn'ciablc amount of a ketonic ester which did 
luit appear to be capabh' of being separated by di.stillation. U](i- 
tnaiely, however, the kidonic (^ster was isolated as described here- 
under. The recovered ethyl (i-mcthylgdntacoiiat(‘ boiled at 1:12 - 
ITk dd jnm. (Found : (’ (i(J-l; If S-1 per cent.). 

TiKM^ondensations in whicli ])otassiuni had Ikhmi us(>d vielde<l vci'v 
little' iK’Utral fraction. il()U'c\'('i', when a (piantity sidlicient foi- 
distilhuion had been ac(‘uninlatcd, it was found lo eonsi>t ])rinr'ipall\- 
of ('Ihyl (i-mt'thyiglutaeonatc toge'tlu'r with a small '' low " tract iom 
which must, have contained ethyl acetoacetate' since Fjilienvko- 
aitdliylpyrazolonc wasobtainc'd from it, and a " high ” fraction con- 
sisting of ethyl 'i-]nethylmcthaiietiiac('tate. 4’he I'thvl Xjiudhyl- 
ithitaeonato gave the h'ss fusible form of b-nudhylghitaconic acid 
(til. p. Ml)' ) on hvdroly.-is by hydrochioric eu id. 

htlij'l 'A- ( f ii‘jiC\<,A()ln{{<i ii- \ -otit -',]-(!(': Idlr jl).— The liquid of b. ]i. 
12f — ll)0 ,2() mm. (above) vas treated with an aqueous solution 
eojitaining (S(uivalent quantities of hydi'oxylamiiK' hv(h‘0<‘hloride 
Old sodium hydroxide and the w hole sh.aken at fnaan'iit intervals 
during a period of forty •eight hours. An excess of sodium hydroxide 
was then added and the mixture again shaken. The aipicons layer 
was then separated, rendered faintly acid, and cxtraetc'd with ether. 
I-he undried extract was evajHiratcd. the gummy residue warmed 
with 20 per cent, hydrochloric acid to 80' until no further fi-irmarion 
af oil occurred, and the oil extracted with ether, the extract being 
washed with aqueous soditnn carbnnatt', dried, and evaporated. 
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The residue boiled constantly at 130— 131°/24 mm, {F(nm(j , 

C = 63sj; H ^ S*3. C 9 H 14 O 3 requires C ^ 03-5; H S -2 
cent.). 

The sodium carbonate washiiigs were acidified and tlio 
products extracted with ether; the viscous syrup thus obtained 
deposited in the course of time a little crystalline matter, hot n„, 
(piantity was so small that separation did not appear feasible. 

Ethyi S-inethylcyc/obutanoneacctate is a colourless, mobip 
liquid, the odour of whicli is to be described as fruity rather tliau 
ketonie. It appe<ars to condense with the usual reagents for ketonts. 
but its most characteristic property is the ease with whicli ii c-iiii 
be com'crted into orcinol (see below). 

A characteristic ^-niiroph'jiijViydrazone. is formed when oquinbiit 
amounts of the ketonie ester and p-nitrophenylhydrazine are hoib-d 
together in alcoholic .solution. It crystallises from alcohol in bricb 
red, feathery needles, which melt and decompose at 17d" (Fount]; 

C = 59-4; H “ 6’5. C 15 H 49 O 4 N 3 requires C — 59-0; H - f;-;: 
per cent.). 

Acetm Acid, Isormal ^-MdhjlcjJHiaconic Acid, and fiAhAhjl 
mcOiancfyiace.tiC Acid. — The acid j)rodiict.s obtained from the ('(iii. 
densation.^, whether sodium or pota.ssiiini was used, always set to 
a pasty mass in which acetic acid was recognisable by its ouoiir. 
'iAIctlivlglutaconic acid and p-nicthylmethanotriaeetic acid win- 
iradily .separated by triturating tlie mas.s with eoiicentrated hydro 
chloric acid, draining on porous porcelain, and then fractionally 
crystallising from this solvent. 

'i-Mctlnlglutaconic acid, which is less .solubh' than 'onictliyi- 
metluuietriacctic cacid in coiicentiMted hydi'ocliloric arid, 
'flciitilied by its melting point (149 ), ly analysis (Found : F 4!t-7; 
K — d-G. Calc., C ^ ^ dda) ; H ~ d-O per cent.), and by diri'ct mra- 
pari.son with a genuine speeinum. 

It is much less wastclui to eslcrify tin' pasty mass with {'tlivl 
alcoliol, under tlie conditions described on p. 1149. Irotti the cstcis 
a volatile fraction was obtained, which was idimtificd by its bniiiin' 
[)oiiit and odour (it was not ajialystri) as eiliyl acetate. 'J.lic 
remainder was easily separated iiito ctiiyl ,'^-nietliylglutacuJiaie 
(b. p. VU—Uryj-iri mm.) and etliyl p-inetiiylnicthanotriacevatc 
(b. p. 1ST — 189^/24 mm,), both of vhicli were idtmtilied by liycholy;- 
ing tlicm to the corresponding acids. 

Orcinol (III). — As already explained, orcinol may be obtaiiiefi 
from the products of the action of potassium on ethyl [i-uietliyl- 
raethanetriacetate. It crystalli.sc.s from tlie second qiiasi-aor! 
fraction, and may he purified by first draining as completely 
as possible on porous porcelain, and tlicn crystalli.-in'.: from a small 
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amount of water, from whioii it separates as the moiiohvclrate 
p. -r (.Found : C - oH-l ; H T-l. Cale., C ---- 50-1 ; 11 ^ 7.(1 

r/ff it'iit.). 

‘ rnc convorsion of ethyl 

,,,.,iiu)l takes j)]ace great (>as(^ a soliitir.n of tlie ester in 
,;j.,-(.llier is added to a suspension of finely divided oalinni in bon7,eno. 
Vwo atonis ot sodiiun were taluei for eaeh ni{>!ia:vile of the e.‘'ter and 
!ui ‘::uro was Incited ior a short time to ensmv Il,e destruction 
the ia-d traces of metal. Water was then added, and. after the 
imatod products lead been removed ])y exlrnefiou with ether, the 
;-(,!iieous Ihpiid was saturated nitli carbon ii;(.,.xido .and aeaiji pv, 
(('acted with etber. This extract on evaporaiioji jeft - residue 
vdiieb immediately solidified and was found to eonhst priueipahv 
of oi'cinol. It V\.as juiritied by ('ry^-tailisaiimi from water and was 
identified by its lueliiug point (oT ' in tlie jiydir.ied h'.rm, 102' wluut 
anliydrous), lay analysis (hound: ('--hP-o; : 7-] ('a|r. 

(; - ; H . M) per cent.), by tin* ferric chloride and fluorescein 

reaction-':^, by threcl eoinpariseai witli a genuiiu' >pec!inen kindly 
lenl by Dr. M. A. Wiiiteley, and by the ])re|;arati.,!] of tlio immu-, 
tri-, and })entad)roino-derivat;vf w iiieli had the melting point! 
recorded in the literature. I'he yield was ho per cent, of the 
tlieoretieal. 


l'lies(' oxpe-riment.s were eommciued in 1010 In ilu^ lahoratories 
of the thiswi (Vanir|(> ('oiiljianv, jumiied. Olesgow. The author 
eesuvs o) thank tlu' direct or.< that iirm for ilp. f.;,ei!iti! > fui' jirivale 
ivovircii wiiicii they se- idially afi’erdcd him. 

i:‘M‘!T!l O'lr.U'CC op :s, uXi c w;. Tl :M! Sul.Oi _ 

s-e -Oi iM:xsiN(;-o.s. S.W. V. Or./. J],./. 


f XXXf.V. -Soifir i1i(:s of I III It Jk^^nrbnl 

fi'otn Pkilitiniii (ind Faliodiui/i. 

Dy I’afl .\Ni)i:!:>ox. 

TiiE contact action of the platiinun metals in eatalysins hydrogena- 
tion reaetioiis has been exliauslively stiulied since the time of 
Dohereiuer. Of tlie ahnoi'inal aetirity of the hydrogen in tiic 
absorbed or “ eombiiiecD' state there eau be no doubt. Is this 
aetitity completely and iiistaiitaneously lost on desorption, or does 
It lia\ e a finite period of decay t Thi.s question would appear to be 
■jf some theoretical and technical interest and an attempt has been 
made to investigate it, 
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a>ti)1!;kson : some properties of hyorogkn* 


K X P E - p . T M E N T A L . 

A sprios of proliminary expei’i merits was first carried out 
the object of ostablisliing a difference, if an}’ existed, botweeji 
minimal reduction temperature of copper oxide as brought ahnnf 
on tiie one liand b}' ordinary pure hydrogen and on the other In- 
hydrogen desorbed from an adjacent mass of jilatinised ast)fMf,; 
An ordinary electric tube furnace was (miployed, tlie copina' uvi.|:, 
ami platinised asbestos being contained in small qnarlz com hint 
boats. The temperatinv of flit' furtinee was raised very skjwlv 
thi'ough a rheostat, and t!u' temperature at which roilnctiou h{M;ii| 
in eaeli case I'oughlv dctc'riniiied liv the condensation of llloi^[!i;,, 
in the cold delivery tulxe Tin' results obtained with this apjiiuimi.; 
were inconsistent hut of sul'licient promise to warrant tlie ('t/jisirnf. 
tion of a mnclified form of aj>i)aratus insuring exaet tcnn)i|-;i(i;j.,, 

Fic. 1. 





eontruh a highly piu'itied iiydrogen supj.'ly, ;ind a deiieale 
detcet<jr. 

For th(‘ sake <4 clearnes.s in desciiptiou, this a]>j>ai‘atus j.K.y 
convenienlly l>e divided intf* four i)it( 'iral jiarts : the hydo':;: 
]niritication train, the ehamber f:>r jirelieating and ]>uiilieatitt]! it 
the catalytic mass from adsorbed fondgn gasi^s (J. Fig. 1). tit!- 
reaction tube with its thermostat {/>), iind the moistni'c ilcircU!!' 
{])). The hvdi'ogen fiinineation a]j[)aratus ]>r<sents no distinenw 
features and is not incorporated in int' sketcin 'Phi' hyd!'!!::Mi, 
olitained variously from a Kipj) gi'iU'rator, an eleetrolylie hiUiirn 
hydroxide ('cli with niciad ('i('et!o(!es. and eyiindei's sujiplir'd iiy 
Britisli Oxygen ( o,, was puriHed lirst ly passage tliroiUfii c.'i, 
Emmerling toners charged witli solid potassiiini hydnrxii’lc. !y 
which till' ca.rbon dio.xidi', halogens, ami most of th(' moi.oujv 
were remoi cd. 'Pile gas was then passed through cocoa-nut chiitno! 
cooled in liquid air fo!' ttie removal of any traces of oxygen presme 
ami iina’Iy tlirongli another toveer of ])otassium hydroxide followo! 
by a jihosphoric oxide tube, 

The chamber, .1. and rc'action tube, H, consisted of the anus (ii;i 
largo glass stopcock, which served to connect or isolate the sectie:!- 
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will The bore of this stopcock was made equal to that of llie 
this case 2 cm— thus pei’iniiliiig the unobstructed movi:‘- 
iipiit of the glass capsule, p. This capsule eontainod the catalytic 
of platinised asbestos and was JUo\’ed from witlK)Ut by iiu'aus 
f .^11 attached piano-wire passing out through the mercury scab S. 
riic preheating chamber was wound with resistance winy by means 
if which its temperature could he gradually raised to aiauit :>l)n . 
'i'[,p f>eelion was also supplied with an inlet 1ub(‘ leading to the 
jsvdrogen supjdy and an outlet through a phospli()rl<‘ aeid traj). 

The reaction tube, B, containing tJie copper oxide l.)ftat, o, in lh>:‘ 
tio^ition shown, was immersed in an uleclrieeJly heated oii-bath 
llicrmostat subject lo exact tempKwatiire (‘f.ntrol throngli mi electrie 
thcrino-regulatoix Thorough circulation r)f the badi was ubtaineii 
ill the usual manner by the nse of a inolni-driAai agitatoix Tlie 
thoraiostat is diagram matically indicated in tin' .<k(‘teii by tlu' 
hoavv lines W. The puritiial hydrogen enters the rcxiction tn!>e 
only* after passing through a ])r(di eating wru'in iinnK'i’serl in the 
ihermostat hath, insuring a uiiifoi'iii lemporalure throughout. 

The moisture detector adopted aftm’ some expia-imenl with various 
devices depended for its aetioji on the ehangx' in tin' electrical 
Instance of anhydrous calcium chloridi* in tlu‘ pre>(‘nc{' id slight 
traee.s of water vapour, d'lie ga.s stivmn, after p'itssing over the 
copper oxide, was eoneentrated liy a const rietion ni a short glass 
liihe fitting into the reaction {iibi^ as shown, and nuule to iinpingi' 
oil a globule of anhydrous ealeiiini ctiioride bridging' a 1 mm. gap 
lietween the ends of two parallel (■A\\)\u"t wires. A niijoer stO])i)er 
iittedto the- outside end of the slmrt tidjc served to support the wives 
lOgelhcr with the outlet lulie. The Cu -Cat’b Cu iv-i.-tatu-c (‘hmieiit 
was connected as tlu' unknown resistaiici' in an ordinary 
Wheatstone bridge apparatus. Thv ekmieiit was prepared for usl- 
by momentarily immersing the n ire ends in nu.ilten ealeiuni chloride 
andrephicing th<‘ wires in the tuht' wliih' still hot. Since the element 
was pla('('d in position only while a stream ot extremely dry liydi'og'en 
was llou'lng through the reaction tube and iiefoiv tlu' tmiijicral inx‘ 
had been raised near the reduction point ol the (''Tl^cr oxide, tne 
ealeium chloride cooled in tlu' aiiliydruus state and. on nalaiuang, 
the bridge was found to have a ic.Astmu'e of tlu' order oi dtUtlKl 
ohms. At the first incipient reduet ion of the oxidi', Avith tie' 
consequent formation of a miiinle (juantity of water va|)ot!r, the 
resistance of the element suddenly drojiped to tlie order of a few 
hundred ohms. This drop was always shar[) and unniislaua'ile, 
and foi'ined the l>asi.s of the minimal reduction tempt'ratme 
observations. 

The description of the aiifiarattis is suggestive of the procedure 
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of tlie (letoriiiinatioiis, wJiicli were made., in brief, as foliows; 
capsule containing tlie platinised asbestos remained in chamhf,,. j 
witli the slopcoclc closed while a stream of purified hydnigc^ 
pnssi'd botli tdiroiigii .-I., which was heated at 250- 300^, and 
B at ]'ooin temperature. Alter the swe('[.)ing-oiit proeoss had 
tinned for some time, tlie moisture detector was “hjadcd”.! 
previously described and the temjjcrature of the thenjn„;|.; 
‘iradually raised until the drop in the n'sistaneo of the 
chloride eiement indicated the initial reduction of the eo] )]),■]• 

The thermostat n'a-^ then allowed to cool to about oi) v.itii'n; 
iiiteiTupling the How of gas. After {lie cniciiJiu chloride cell liP 
ivcovcred its high resistance, tlie capsule of platinised a,sl.ic>ti,s 
wliieh had by this time been thoroughly freed of all foreign ifa.-,.. 
and been allowed to (‘ool to room lem]){;raturc, wa.s pu.slu'd iiu-i t],.. 
reaction tube until .some o min. distajit from the coppi [■ 
boat. The stopcock was then closed after unhooking and wig. 
drawing the wire. The tcmiperatiirc of tlu‘ tlierracstat was tin.-); 
afgain raised and tiie reductiun tamipcrature determined as beh.in-. 

The ri'stihs of three t 3 ’])ircd determinations follow : 

Idiniiiial l\Ls!ur-tiiin 'I'oiiip. 

('(JiUrol. JM, 

1 lo:e.v Sl'i.r 

l! II. Vo S<)MI 

:5 1 1(^0 svtf 

The copJ)er oxid(‘ (mpiioyed, it may i>e inenlioiUHk was jiixrii.;- 
laled in ashcstu.s fibre after a metlaxi recommended hy Sir 
Itobcrt.son for the preparation of' a cataiylieally activi^ oxiHc. 

The re.'uhs of lh(' d('1erniin;;ti(ins never che(-k('d elo.-ely, a to::- 
.‘^rtjucnee of the va]'iai)ility in the aelivity of i 1 k' (‘opper (e\i([e. In;* 
the diftercnce.s ol)scrved l)etw('en lh<' “eonii’or' and " jjfitimai: 
adjacent “ experiinents u(>re always marival and appt'ur t<.' iiiMieS. 
a certain uicreasc in tlu' aetivil^y of Toe (h surhed fiydrogeii. 

fn order to determine the duration of the activity the tlieinioO;;: 
was field constant at IHr and the eapsiile containing tlie plaliiiia'i; 
asbestos very gradual!}' moved toward the co])per o.'dde boai 
Keduction was found to lake place vTicn the capsule liad rcachol 
a distance of about 8 cm. fj'um tlie cop'per oxide. Tlie rate d 
flow of the hydrogen was held at ISp bubbles per minute duiki;.’ 
these te.sls. 

With the object of obtaining furtlicr evidence by an independdh 
method, a suggestion made lr\’ Professor K. C. C. Paly, of tlif 
University of Liverpool, was followed up and a scries of determina- 
tions of the ininimal reduction tcrnpcraturi' of sulphur hy noruiif 
and desorbed hydrogen made, using palladium -black as the activat- 



BESORBliD FROM PEATINUM A^’D PALLADlUiL 


1157 


;„ff ao-ent. hydrogen puri 1 icrit ion apparatus used in the previous 

*. -uerinients was again employed. A ca]uUary grid or worm served 
^ Dreheat the hydrogem to the temperature of the palladium-black 
f-niitart mass (P, Fig- -) and sulphur 5. The short tube containing 
the nilplnir was fittc'd closely into the tuljc containing the ])alladium 
-inf! cemented in place. A periorated })alladium (iia])lir-agrrtj 
■orv'^dto prevent actual contact between the palladium and sulphur. 
Xhc detector for hydrogen sulphide, D, consisted merely of a small 
.tfii) of filter-paper dipj)ing in lead acetate* .^olutioj). The gas 
in a tine jet against the iiu jnegnated liUei’-i)a]u*r and the 
uA^cnce of a trace of hydrogen suljdiitle.vas immediately indicated 
hv the appearance of a spot of the c)iaracleri.stie colour. A small 
condenser was introduced to pre\-ent any ^•apori^ed sulphur passing 
over into the detector. A .s(*cond apparatus ifientical with the 

I'lC. J. 

I 1 


C 


h'lX’ii'iiug e.xeepl for the ab.seJice ui ilu* pallauium aetixathig agent. 
>va.s constrneled <ind du])lieata di-terniinations made vitli hintii 
inimcrsed in the same oii-l)ath t!u*rmii.4at. raising the tcmperatuii* 
^•cry slnwiy ami keeping the rate of How of the hydrogen in both 
die same. When tlie sjiut aiioecired on one detector, the tempera- 
ture was noted and the heating eontiiiued until the second detector 
indicated tiiat the minima! reduction temperature had lieen reached 
fur ill.* control oh 'OCi at ;* S'l. iSome t vjiieal rc.?ults lollou : 

till. bed. Temp, of Sulphur. 

Com ml. i\I. 

IVIV 

iiS'U SOT. 

ilWo SoA' 

l.iicsc data Jeiul strong .>ai])port to the re>ults uniained for eojipci 
cAide. 

Tlic .study of the properties of the desorbed hydrogen v,as con- 
tiimcd with a scrie.s of (pialitati\ e tests to detenauie whether or not 
the freshly desorbed gas was ioiiisoLl la any degree, A goid-leaf 
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electroscope of the type employed by Rutherford in his radioactive; 
measurements tvas used. The horizontal plate of the instniniem 
was replaced by a small vertical plate [p, Fig. 3), connected dircctiv 
with the gold-leaf. Around the plate and insulated from it l)v j, 
sulphur plug Y'as fixed a cylindrical brass chamber, C', proviJ|(.(j 
u'ith two inlet and one outlet tubes. One of the inlet tubes con, 
tained a fenv grams of palladium-black, and both were equally nnr] 
iioii-iaductively wound with resistance wire designed to give the; 


Fio. !/. 



cvis lio” ‘‘etmti'ol " and " activated “ ti'st.s approximately the .saini: 
truijieratmv. [h)(li tui)es were conuected with a thn'c-way stp- 
cock leading to the |:iure Inalrogoii supply. The gold-leaf Mie 
charged and tiu' rat(' (.>f tlu' c(j]iaps(‘ ot the leaf oijserved tlii'uiipji 
a. ’ telescoj)e. Tiie Z'esult.s obtciiried may i)e .summaiised in tlii-' 
following data : 

Aii'.li' (►!' tall. Tilin' in iiiiniili'.s. 


Nalui'iil leak t"" 

Citiilo.il t <’> 

AetivaO'i.l I 1*1 

Cheak <'oiu I'lil t 70 
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.SiiOie exi>eniiiental work was carried out at tills time by Dr. 
j A. Christiansen, of the University of Copenhagen, collaborating 
with the author at Cniversity Ciollcgc, witli the object of determining 
^^•ilether or not the desorbed hydrogen could he condensed liy 
passage through a tube immersed in liquid air. A platinum- 
.j.qiadiuin “ osmosis tube, cdectrically heated to a temperature 
;,t whieli hydrogen readily diffused through the fialladium section, 
was employed as the activating agent, and a .McLeod gauge for 
Ihc flelic;Mc rneasurement.s of pressure necessary. Consistently 
iiciiative results were oldaimal. An experiment carried out later 
],v the author indicated that hvfh’ogen .\\'hie}i had undergoiu' .slow 
fliuiision through a palladium tube exhibited no abnormal aedivity, 
n result jirobably to be explained by the low desorption rate. The 
alteiuptcd condensation could accordingly havi' yielded only a 
negative result. 

An attempt was (hen made to discover the cause of the activity 
(f du' desorbed hydrogen, It was consid(‘rcd Improbalde that the 
vliii'ht ionisation indicated by the data ((uoted above would account 
for this inerea.'^od activity. Tiie pos.^ibllity of tlu' jiresenee of 
luonatomie Iqydrogen at tlie temperature and prc'ssnre of the 
fxpeiiments was dismis.'^ed on tiicoretical groiiiicls and also disproved 
cxpei’iineiitally by the inteiqwsition of a short ))lug of glass wool 
lieiwceii the jiiatinised asbestos and copper oxide in the first 
e.qjei'iment. 'hhe reduction teijqieiuture ixMoained unchanged, 
iilihaugh Langmuir has shown that monatomic hydrogen is 
de.^h•(^ye(l on passage througli glass woe)!. 

•May the activity be explained l)y the presence of trial miiic 
livtloigt'n f Uslior {T., liiLh 97, 4<Hl) and Lind (./. .Iwcr. ('Ix ni. 
Sv('.. 1919, 41 , dlo), among others, have sluovn thal Hj^is })roduced 
int tl!'.' Iiombardmeiit of hydrogen by 7 -i‘ays, whilst (.Lilic and 
PaUcivnii (Lh, ]91:L 29, ilil, iMT} and ('hattock and Tyndall {rhiJ. 
Mag., 1998, [vi], 16 , :D) give fiirllK'r evidence for its formation on 
s]j;u'i<ing jnoleeular hydrogen, d’lu' positive-ray evidence of 
Tlionison, at one time disjjuted, now a|)nears to he substantjat('(]. 
Woidt {J . Amar. ( 'k( ui. 1929, 42. 989) furtlu'rmore attributes 
UK' iK'iivatioii of hydrogen hy x-rays, electric discliarge in a vacuum, 
ini<l t)y tile corona (iisiLargx', (o 1 lie generation of ti')atomi(‘ hydr()gen. 
la the absence of a posit ix(‘-riiy apparatus experiments autc made 
to determine whether or not the aetivateb. hydrogen desorla'd 
Irani piatimini or palladium expanded on deeay, as would be 
expeeted if a measurable amount of trialomie hydrogen were 
I'l-esent : 2Hj. 8H^. An apparatus similar to a Liebig etmdenser 
Wiis employed, with a stopcock introduced to divide the tube into 
two sections as shown (Kig, 1). A rapid current of live steam was 
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piLvsorl i]iroug]i tho jacket, maintaining a constant tciniMTatu 
througliout. The entering liydrogen was preheated on p^Ssjr 
through the left-hand section, actiN’ated on passing tliroufrli t; 
palladium-black, tand dcca 3 Td in the right-hand section, 
out through tlie capillary tube and stopcock, A small gloljup 
mercury was introduced into the capillaiy side tube, 7’, a]iii 
apparatus adjusted at such an angle that the mercury glolnik' 
jiLst on tile ])oint of moving dou'ii the tube under its own \V(b'i 
tliat is, a very sligid increase iti the pres.surc within the tubo v.or 
cause it to mo^•e perceptibly. A cross-hair ti'lc.scopc was ibeuv 
on the globule and after a steady stream of hydrogen had p,;;., 
for a time both stopcocks were simultaneously closed. Xo movcriie 
of the mcrcuiT wa.s detected in any one of the ti-ials, thoiidi 
light oil globule was later substituted for the mercury. 

The refractic e index of liydrogcm containing some 1:13 is nccc.^Sii; 
different from that of pair' diatomic hydrogen at the same tei]!|i.-’ 
ture and pressure. The llayleigli gas iiitorferomcter furnislu-; 
excellent mean.s of detecting very sliglit dillerences in the rchacti 

Fig. 4. 


indices of gases, and througii tiic kiiidnes.s of 3Iessj’.s. .Idani Jhliv; 
and Co. of London 'were ahh^ to .subjeirt. the activatetl Jmirog;] 
to this test. Interference bands tvere first obtained for the cii!rt]';j 
setting while passing normal hydrogen througii both cn] a pa rata 
tubes of the iiLstrumcut. Hydrogen activated bj' iiassigi* mi-r 
platinum or ])ailadiuiu was tlien suhstituleil in one of tlic n.-b 
witiiout breaking the gas flow and the position of iiie upiai' aiiu 
lower band.s nole(.l. In no ease was «a displacement of the haii 
observed. The temperature and pressure cl the iiydrogeu ^u^ n]> 
were of course kept constant. Tire evidence su])plied by tiicjiiur 
feromctc-r tluis remfoi'ces tiiat of th.<‘ lucvious experiment in ii!- 
dieating the absence of a measarabJe amount of the uiiU'jru. 
mruliheation in the de.sorlK'd liydrogen. The point can ^raicdy 
be eoiisidered as settled without a pu.ritive-ray te.-'t. 

-Vnother 2)ossibie explanation of the activity of the tl'M.irina 
hydrogen — an explanation to which we incline' — is furmshnl byte, 
concept of an increase' in the interiiai energy d the hydiogea luoie- 
eiiles theiiiseives. If the ixinginuir theory of ad.surpliuu on tk 
surface of a crystal spaec-lattie'e' through the bonds of resuHy 
valence i.s accepted, we may lliiiik of these bonds as ” closing up 
not instaiiianeously, but during a tinite period eoiTcs^ioiiding ''I’-'i 
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,lie duration of the abnormal activity. Or what is the same thing, 
ispressed in terms of the quantum theory, tlie hydrogen molecule 
iiiv he considered as having taken up a quantum or more of energy 
luring adsorption and reaching internal equilibrium only after a 
riven'period succeeding its desorption. 

[ii conclusion, it is a pleasure for the author to record his obligation 
uirl thanks to Pr()fes.sor F. G. Donnan, F.K.S., at whose .siigge-stion 
lul iitider whose direction this work has Ixien carrif'd out. 

(^lif-aiCAL Lakokatoriks, 

I'MvnrtsiTV CoTjmcT', [.ovnov, ^ [tinceiir./], Ma;/ -[[ri'l] 

'Hic experiinents described hi this jiuper wore undortiikon at tin- 

ij.' -.^<tiori ot Dr. J. A. Ilarker, tMkS., this? suggestion being based on soiim* 
irrliijunnry (Linpublishod) work earried out by Dr. Judd Lewis on behalf at 
ti'. CoHn CauipbeU.— F. 0. Doxxax. 

CX\j.—Tke Bromination of Acids hi the a-Position. 

By Charles Fej^dekick Waiu). 

pn-: mechanism of the Ivrotniiiatioi) of acids in the a-position in 
the presence of red pliospliorus has been supposed to necessitate 
t!ie preliminary formation of the acid bromide, which is tlieo 
Imtaiitiatcd tvith comparative ease. In accordance with this view . 
4 atoiiis of bromine would be required for each molecule of tlm acid, 
and sutiicient pho.^phorus to cause the formation of the acid bromide. 

Lapv.au'tli (T., 1904, 85, 41) found that jmre dry acetic acid. 
vUiivatcd witli hydrogen chloride, was way rvadily attacked by 
hromint* adoiie with the lU'oduction of monolirnmna-cctic a.eid and 
i'lat tiic bromimitioM of actdoiKo wliidt U .sup])n.-ed to iuvoha' a 
kctit-cnol transformation, Avas mucii more rapid in. tli<‘ presimee fl 
r trace of mim'ral acid than in ordimny ,<'.!uiinn, 

-vsciiaii (/iVr., 1912, 45, 1913: 1913. 46, 2i(i2) suggested tliat 
;l‘ic HdlA’clhai'd reaction wa> not a case of direct substitution, 
jut consisted ess(mtially in tlio addition of bromine to an oiioi 
.’orm of the acid, with ,sul:).n.'qiicnt loss of hydrogen bromide, lie 
uapported thi.s sugg<'s(ion. by bromluating acetyl chloride, when 
n’ornoacctyl chloride and broiiioacetyi hroniidi' were produced, a 
itiraire of liydrogen chloride and iiydrogcii bromide being evolved*: 

V ('[i.lCsA!" ('[r.BvCf OH 
ClI.Hr’COCI H- li Bi' CH.Brr'OBr ^ HO 
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This paper contains an account of experiments maclo on ti 
bromination of acetic acid, butyric acid, and camphoric; acid 
bromine and phosphorus than arc necessary for the production r( 
the acid bromide being used in each case. Tt has been found tliat 
by using molecular proportions of the acid and bromine in tj p 
presence of a small proportion of red phosphorus (2 per cent ' 
most cases), good yields of a-bromoacetic and tx-bromobut\Tic acid- 
may be obtained directly. Camphoric acid was also treated with 
bromine in the presence of a small proportion of red phosphorus 
and it was found that good yields of a -bromoc amphoric anhvdrid" 
were obtained when a solycnt such as pentachlorocthane was usr-i 
at about 120''. At lower temperatures, iu the same solvent or in a 
inixture of chloroform and pentachloroethane, no reaction wv 
apparent. Ko reaction took place when camphoric add \va< 
boiled with bromine in pcntachloToothanc solution, but the intro- 
duction of a trace of red phosphorus induced a vigorous read ion 

From these results it seems probable that the phosphorus doK 
not act as a “ carrier,” but forms jdiospthoriis tribromidc, which i< 
acted on either by the acid or by a trace of moisture wliich mav b 
present, generating sufficient hydrogen bromide to brii:g about the 
onol transformation and that the reaction then proceeds alouEr the 
lines suggested by Aschan [Joe. cit.]. It seems, in fact, from the 
experiments described later, that, unless the acid is quite free frem! 
water, the use of a considerable amount of red phosphorus i< j 
tmsitive disadvantage and U^ads to t fu; loss of liromine by the adio! 
of the water on tlie phosphorus Iribroiiude which is formf'd. fn 
order to test tliis hypothesis, experiments were carriiMl oat on the 
action of bromine oji acetic and butyric acids wliieli had In'o: 
treated witli liydrogeii bromide in the absence of any i)hos]di()i'iis. 
Good yields of the 7.-l)roininate(l acids could be obtained in tlii' 
way, but in the ease of aeetic aeid it was necessary to dry llieycid 
and treat it ^vith hydrog(ui ])r()mi(le Indore use, both operatii-ir 
being elTeeted by healing tlie aeid with a small proportion of aedv! 
bromide. 

In several exjK'riments with acetic acid, a cojnpouiul was oiitainei 
w'hicli corresponded with a sul)stanec described by Hell [Bf.r., l''^. 
11, 2-14), to which he assigned the formula (GAf/,). i- Fr.,),i.llB!-, 
Ojily if the acetic aeid had been dried l)y a chemical metliiMl ud 
this compound, which melts at llo — 40° and lias a most irritatiie’ 
effect on the nose and eyes, decompose, when warmed at ahnut 
00°, into bromoacetic acid and hydrogen bromide. In all ctin* 
oases, tlie siilistaiicc lost bromine when warmed at 00 , prow-k 
owing to the presence of a trace of moisture, 

Tt will be noticed tliat bromooainphnrie anhydridi' is fnniiul 
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under these conditions, as in other methods for the preparation of 

l^rornoc amphoric acid, and it seems that the function of the trace 
of phosphorus used is to generate sufficient hydrogen bromide to 
bring about the requisite enol transformation. The enol form, 
being a 1 : 5-hydroxy-acid, would easily give a lactone either 
before or after the addition of bromine to the double l)ond, and 
at the temperature of the reaction (120°) the additive compound 
^voiild lose hydrogen bromide, giving a-broniocainphoric anhydride : 

Br 

-ch-cOjH -c:c{OH)2 -cbi-c<oii -cei— co 

cMcg CMog — ^ 0 — >• CMe^ 0 

-bfe'COaH -CMe-COaH -ate-CIO -6Me-CO 

Au attempt was also made to prei:)are dibromoacetic acid from 
nuuiobromoacetic acid by this method, but no rea<dion was apparent 
boioW 120° and much charring took place above that trunperature, 
oniv ^ small proportion of dibromoacetic acid being isolated. 

E X P E K T M E \ T A L. 

The Action of Bromine on Acetic Acid in the Presence of Varying 
Amounts of Red Phosphorus. 

{1} Purified acetic acid (20 grams) Avas treated with red phos- 
phorus (4 grams), and bromine (85 grams) gradually added. (The 
bromine \\as employed in just sufficient quantity to foi'iu phos- 
plioni.s tribromide and leave an excess of the halogen equi\alent 
to the acetic acid pre.sent.) The mixture having been heated at 
120' for one hour to complete the reaction, the product was distilled, 
and acetyl bromide (10 grams), acetic acid (5 grams), bromoaeetyl 
bromide (31 grams), and rnonobrotnoacctic acid (0 grams) were 
obtained. After the broinoaccdyl bromide had been hydrolysed, 
the total amount of broiuoaeetie acid olitained Avas 20 grams, or 
55 per cent, of the theoretical. It seems probable tliat the small 
yield may be partly due to the action of a little water present in 
the acetic acid, on the phospliorus trihromide causing a loss of 
bromine. 

(2) Acetic acid (20 grains) Avas treated a\ itli bromine (54 grams) 
in the presence of red phost)h(.u’us (I gram), The mixture Ava.s 
heated at about 95° and the prodiiel (list i lied Avlien all the bromine 
had reacted. Acetic acid (4 grains), bronn)aeetyl bromide (5 
grams), and moiiobromoacetic acid (28 grani.s) Avere obtained, and 
the total yield of bromoacctic acid after decomposition of the acid 
bromide was about 32 grains, or 09 ]ier cent, of (he theoretical. 

(3) Thi.s Avas found to be the !)e.d' metliod for the preparation of 
muiiobroiiioacetic acid. 
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Acetic acid (20 grams), to which 04 gram of red phosphorus y 
been added, was treated with bromine (5R grams) in a 
apparatus on a boiling- water bath or preh'i'ably on a 
bath at 100—105°. Much hydrogen bromide was evolved au(! 
all the bromine had reacted after about one hour. The pale hro,-^! 
product, which solidified on cooling, was distilled, when aortic arifj 
(3 grams), bromoacctyl bromide (less than 1 gram), and 
bromoacctic acid, b. p. 203° (3S grams) ^^ere obtained. The yid,] 
v.as about 80 per cent, of the tiicorctioal, 

This method is .suitable for use with larger amounts (,r aftp,-. 
acid, the proportions being tlic same as tlic above willi a 
excess of bromine. In sueli cases, liowev'cr, it is advisable to aijf! 
the bromine in small portions from a dropping-fimnel. it i< 
an advantage to dry the bromine under concentrated 
acid before use. 


Brominotioii of Arrilc Acid in the Ahwice of 

(1) When acetic acid (20 grams), saturated with dry hydro^'c-a 
bromide, was treated v. ith bromine (54 grains), ti}(^ wliolo 
solidified. The jiroduct, which incited at about .t> — 40 , wii, 
heated at 100° for three hours, but only a litth' h .'diMcri! iironiiiT 
was evolved. It distilled com^detely between OO and t20‘';i)„: 
solidified, on cooling, to a mass td liright red cry -dais leubpi 
most penetrating odour and a very inhaling eifeet on Oir 
The substance sublimes very slow ly, giving louL', mu'dledikc f-iystij-. 
ilromoaeetic acid \vas not pi’iKlmsal when tli(‘ .'^nhsiaia-r \ r ij, . 
tilled, because decomposition into lu'oiniiK' and acetic acid t'V;. 
place at a lower tempcratui’c than that at whiidi deeonipositinii 
into lironioacct ic acid and hydi'ogcn hromid.c occurs (Hell, /or. 'v.',.. 

(2) Acetic acid (50 grams, purified by free/.iiig) was hcilcd \m\[ 
acct\ l bromide (3 grams) toj' ten minutes, ihc aenl being tlius ilni.'i; 
and treated with hvdrom'U ht'diniiic in one. (iperatiom A itiixtuiv 
of bromine (54 grams) and :di i/rams id the ]n'e]KiiTd acid ics 
wanned at loir for one imi'i’. i»y winch tnm' all the hrojiiiuc k;; 
reacted. On distillation, ihc prnducl yidded 38 grains of hrotii!'- 
acetic acid, corixopondiiig with 82 ])i'r I'cnt. of the tlicurctiejl 
yield. Xo hromrjacclyl broniich' was jn-odueed. 

, In all cases, about 5 per cent, <if nudist illablo eliarred rrsiilw 
was obtained. 

Frej)(.i/’a{iu}i of v.-Brojfiohuti/rh: Acid. 

Butyric acid (15 grams}, to which red pliosjdicinis (Od 
had been adfled, wa> tixvitcl witli hromim' (30 grams) and Itciiuu 
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under reflux at 120". Much hydrogen hroniido ^vas evolved and the 
reaction was complete after one and a half hours. On fractionation 

a vacuum the mixture gave a trace of Imljuic acid, and then 
j.bromobiityric acid (23 grams ; 82 per cent.) distilled constantly 
at l20"/23 mm. 

Bromine (1 mol.) was also added to butyric acid which had been 
saturated with hydrogen bromide, and the mixture lieated as 
before. Bromobutyric acid was produced in a yield of about 
'.3 per cent. 

The Action of Bromine on Camj^horic Acid in the PrcMnce of Small 
Anwiinis of Bed Phosphone^. 

(1) OaniphoT’ic acid (5 grams), carbon tetrachloihle (50 c.c.), and 
yA pliospliorus (0-1 gi-am) were mixed and treated with bromine 

irrams; 1 ]nol,}. The mixture boiled for live hours, but 
-jwW a little }\ydrogcn bromide was evolved. The solvent and excess 
nf bromine were removed and the residue was fractionally crystalUsed 
from chloroform and ether. It was found to be unchanged cam- 
phoric acid, m. p. LS4°, only a trace of a ]}rotluct having a higher 
filing point being ir'olated. 

(2) Camphoric acid (5 grams) was dissolved in warm pcntachloro- 
nhane (30 c.c.), and red phosphorus (0-1 gram) and bromine 
I grams) were added. On boiling the solution, much hydrogen 
3 i'omide was evolved, Imt considerable charring occurred and 
Tilly a small amount (2 grams) of 7.-bromoeamphoric anhydride, 
n, p. 216'’, was isolated after evaporation of the solvent. 

(3) A mixture prepared exactly as in (2) was gradiialiy heated 
;o 125", when reaction commenced and much hydrogen bromide 
ivas evolved. ^Vfter one hour, the solvent was evaporated in a. 
raciiiim and the product fraotioiialh' crystalUsed from ether and 
ihloroform. The yield of a-bromocamphoric anhydride was about 
) grams, or 75 per cent, of the theoretical. 

In conclusion, the author desires to thank Crnfessor F. S. Kipping, 
P.K.8., for his interest in this work, and the Dcjiart lucnt of Scien- 
:ifie and Industrial Research for a grant which has enabled him to 
iarry out this rc.search. 

Tim Cheubtry Di:rART.MENT, 

Umvkrsity College, ^'0TTI^•Ci)lAM. iRf-cdixd, jP-irc'h Uth, orij 
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('XLL- The, Chlorinated Dialkyl Sulphides, 

ByWiLLiA^f Jackson Pope and James Leonard Brierlkv 

Wk have previoiLsly sIkjwh that propylene and p-butylciie rcai. 
vvitli sulpliuT’ inonochloride in just the same way as docs othv],^ 
itself, yielding diclilorudialkyl sulpiiides and free sulphur {T,, 
119 , 390) in accordance with tlie equation, 

8.CI0 - (X, 001*0X2)28 H- 8 ... 11 

The study of tlie aetioii of ^sulphur monoehlorido on homoli.;-];,, 
of the above hydrocarbons, such as es-oainylene and P-niethyl.y 
butylene, shows tliat under specific conditions reaction ocr^ 
with formation of a true disulphide, no sulphur being 
thus : 

2 X 20 : 0 X 2 T - {X200^CX2)2^^. . . . . I2| 

It has been abundantly proved (T., 1920, 117 , 271 ; 1101,115 
418, 634 ; this voh, p. 594) that ethylene and sulphur monoclilor:.;, 
react at all ordinal'}^ temperatures in (he manner indicated 
ecpiation 1, although the liberated sulphur may remain in a 
of '• pseudo-solution " ; it is now proved that at temperatiir 
below 20^^ isoamylcnc and [^-methyl-A^- butylene yield a disulphii 
with sulphur monochloridc in accordance with equation 2. I; 
reaction betweeiT ally! chloride and sulphur monochloridc gm 
at 100 ^ srTyy'-tetraclilorodipropvl sulphide and sulphur, vliit 
at temperatuies below 20y the corresponding disulidiidc is afe 
produced. 

The disulphides riow described yield the corresponding chlonruii 
alhj-lsulphonic acids on treatment with nitric acid, but the oxidatif 
does not proceed quantitatively; it is not possible, therefore.' 
decide whether the disulphides contain the grouping "S'S' 
'>S:S, but it .seeujs likely tliat the former element of constitiiD' 
is present, as no lrc.ee of free sulphur appears during mild oxidati: 
If the grouping >818 were present, it might be suggested thatt 
disulpliide is formed at tiu? hn^’ temperature and decomposes h 
mono.sulpbide at tempo rature.s above 20”; such a view cannot 
maintained, because the disulphide produced from allyl chlon 
and sulphur inonochloride helow 20” may be distilled at It 
without decomposing into ,sul[)hur and tiie monosulphide wjii 
is formed when the reaction is brought about at 100”. 4'lie diae 
disulphides now described thu.s do not appear to possess thety 
of constitution ascribed by Xaik (T., 1921, 119 , 379) to the ditb 
ketones which he obtained by the use of sulphur moiiochloh 
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J., ,,,.e ratluT of tho type of the .33'-(liefilorodi(‘tliy! fli.ulpliido, 

•[ 1 ' ,Cl‘t'Ho*S) 2 , pTepa red by J^enne tt (T . , 1 92 i , 1 1 9, 4 1 .S) . 

X P Ji R I M l] S T A L. 

Bisulphide, (('Ah'./ '!•{ ’ 1 

-Amyit'iK' was prepared by passing the vapour r)f ordinary amyl 
over pumice saturated witli phospliorie acid, eonfained 
] ail iron tube heated at about 300'’ ; the issuing vap(.)U!' was i)assc‘d 
jivaigh a condenser, ivashc'd with bO jx-r cent. su][)hnrie acid, 
vied with calcium chloride, and liijuetied in a free/ang mixture. 
'Jic oily distillate contained about 40 per cent, of a mixture of 
;(;ainylenc, OlHAreyOHX boiling at 17’, and /-ineihvl.A,^ 
utylciic, Ijoiling at 37’; tlie.se 11010 separati'd by fractional 
istillation- 

Tlic reaction between isoamylene and sidpluir monocldorido i.s 
tt(iKled by a large evolution of heat and on passing nitrogen 
unrated iiith the hydrocarbon througli a mechanically shaken 
u'ie.s of bulks immersed in a water- bath it ivas not found pos.'^ible 
■) control the reaction satisfactorily at teinp('rat uns above 20'^; 
ndcr these conditions much hydrogen chloride wa.s evolved and 
black resinous oil obtained. The addition of esoainidene (2 mots.) 
rop by di'op to sulphur monochioride (1 mol.), kept well .^tined 
ad maintained at -lOy rc.sultcd in the production of a pale yellow 
ii; tills oil depo.sit.s no sulphur when kept and is intirely .soluble 
1 ether, it ha.s no apjireciabie I'csicant action on the skin, but 
;s vapour causes iiiHammation of the mucous membrane. When 
eated on the water-bath, the oil darkens in colour and on distilla- 
.on under 11 mm. pressure a little hydrogen chloride is evolved 
ad (ii-sulpliide di.^tiis a.s a light 

jd oil, which boils at 150 — 160^11 mm.: the yield is about 3^ 
er cent, of the theory (Found : C — 45'7 ; H — T'i ; S = 234; 

1 — 23*6; M, in FHCt^, 2{i3. Cj^QH.,p(dr,8,i recjuire.s C — /4'7 ; 
1-7-3; S-:23-3; Fi - 25-8 per ceiil.“ j/ - 275). 

Tile same product seems to result from the action of esLwmylcno 
nd of .3-methyl-A^-biityleiie on sui])hur monochloriclJ* and it 
ppears probable that the former changes into the htter hydro* 
arbon during the reaction. Dilute nitric acid attack' the sulphide 
'irii great violence in the cold and. on boiling w'H 50 per cent. 
Mric acid, sulphuric acid is formed together wdi a mixture of' 
pganic acids from which no pure product could tc isolated. 
'r-'-yi-Birncthyldmobulcni/l Disulphide, (('Afc.d(*^tc) 2 S 2 . — hen the 
pove diehloro-disulphicie is boiled with aleotolie [lola.^sium iodide 
potion, hydrogen iodide and iodine are hbc'i-ated : on pouring 
fe product into sodium hydrogen sulpiatc solution, extracting 
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witli ether, and evaporating oit the ether, 

disulphidt is obtained as a jjale yellow oil (hhund ; S 3 ->.| 

CnjHigSg requires S = 31'7 per cent.). 

Disulphide, 

{CeHs-O'CMca-CHMcOgS,. 

— On boiling the dichloro- disulphide with sodium phenoxide (2itioh ’ 
in alcoholic solution, sodium chloride separates, and on pourin', 
into water a dark oil is precipitated, which is extracted witli other 
Trom the ethereal solution, after boiling with charcoal, a broivii 
oil is obtained which could not be distilled writhout decoin])oi,itir,n 
or caused to ciystailise. It is the fairly pure diphenoxy-derivativc- 
(Found : S 17 '0. C 22 H 30 O 0 S 2 requires S = 16'4 per cent.). 

Sulphide, (CQH 3 *ClIChCII,b.S.--. 
iStyrene (2 mols.) reacts very \iolenlly with sul])hnr monocliloride 
(1 moL), and a temperature of 200 '’ is rapidly attained; on iiiain. 
taining tlic temperature at 30' during admixture, a pale yclloiv. 
\-iscid oil is produced which may be partly purified by heating 
diminished pressure at lOO't The oil deposits no sulpliur wlini kept, 
but evidently eontains this element in “ pseudo-solntion,'’ licciiiiv,. 
sulpJmr separates on treatment with dilute nitric acid or on solui'oii 
in ether. When styxene and sulphur are allowed to intcraci s: 
100 h the resulting pale yellow^ oil deposits sulphur on ouoih:'. 
and more is deposited on Ixoiling wirh ether ; the amount of sixlpliii;' 
thus recovered corresponds with about 90 per cent, of that indicaic] 
by equation 1. The oil obtained from the ethereal solution, aiif| 
separation of a.s nnieli of the siiljihur as possible, undergoes liecc:!:. 
position at 200 " under 1 mm. pressure; it i.s nearly pure yt'-T. 
ckloro-’';;j':J -dlphttiijldkihyl sulphide (Found: 01-221. 

require, s S — 10’3; Cl — 22‘8 per cent.). The suUtancc 
lias a fault odour reminiscent of the chloroalkyl sulphides, and a biitu, 
astringent taste, but has no vesicant action on the skin. Xo pure 
products could be i.solated on oxidation with oO per cent, nmic 
acid. 

Dlstyrjl Sulphide, (C(jH 3 ’CH.“CH)oS. — On boiling in alcoiiciic 
solution Aith sodium [i-naphtfioxide, tlie above chloro-bulphiF 
io.ses Imlrogen cliioride and yields tlu* eorrespondiiig etiiykTC 
derivative; this was obtained as a pale yellow oil wJhcli couldn't 
be distilled without decom])osition (Found : S — l-Fd. I'lijlOri 
•requires S — 13‘3 per cent.). 

{tivi'yy'^Tilrachlorodipropyl Sulphide, (CH^OhCHOTOif^Jj^.— 
heating allyl chloride (2 niols.) with suljmur monoeiiloridc (1 mo!.; 
in a scaled tube at 100 ' for six iiours and allowing to cool, the yebov. 
liquid obtained deposits eiystalline sulphur; when the prodiiti 
is distilled, after removing the sulphur, ii^'yy'deirachlorodipropfji 
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sulphide over with slight doc oni posit ion at 181— IHi^do mm. 

as a pale yellow oil . (Found : C -= 28-0 ; H = 3 - 9 ; S == 12-8 ; 
Cl:=55'0. CgHioCl 4 S requires C 28'1 ; 8 = 12 * 5 ^ 

PI ^ 00 '5 per cent,). 

The substance has a pungent odour recalling tliat characteristic 
of the chlorinated alkyl sulphides, is without vesicant action on 
the skin, and becomes resinous on strong cooling. On prolonged 
toiling with 50 per cent, nitric acid, the odour of chloropicrin 
tecomes apparent, and after removing sulphuric acid by moans 
of barium carbonate, the filtered solution deposits crystalline 
barium ^jy^ilchloroprojMncsulphorialj^, (C H^CPCHCPCllySO^l.^Ba, 
on evaporation (bound ; Ba ^ 25’3. CgH^QO^^CI^SgBa requires 
Pa = 26-3 per cent.). The aqueous solution of the barium salt 
rapidly becomes acid when heated ; the barium salt of the hydroxy- 
acid thus produced does not crystallise from the solution and its 
production renders difficult tlio preparation of the pure barium 
salt of the sulphonic acid. When the barium salt is treated with an 
excess of ammonium carbonate solution, the filtrate evaporated 
to dr^mess, and the residue extracted with boiling alcohol, amnwn- 
Im ^y4ichloroproparieml2^honak, Cld^OI'OHChCHypSO^'OXHj, is 
obtained in colourless needles (Found : Cl — 33'2. 
requires Cl = 33'8 per cent,). 

f,i'yy'-Tetrachlorod{propyl Bisidph ide, (CH.,CI*ChlCl*C 112 ) 282 . — 
On preserving a mixture of sulphur moiiochlorido (I mol.) and allyl 
chloride (2 mols.) at the ordinary temperature, the yellow colour 
of tfie sulphur chloride slox\ ly fades and after ten days a colourless, 
viscous liquid remains. Xo suljjhur is deposited, and, on distillation 
nmler 11 mnn pressure, slight decomposition with evolution of 
hydrogen chloride occurs. A preliiDiiiiary fraction is obtained at 
170—190° and at 190° ^^'yy ■[e.tmchlorodi propijl dmlpdiide distils 
as a light yellow oil (Found; C^25'2; H =- 3'7 ; 8 - 22 * 0 ; 
Cl — 48*0. C(;IIjoC 1 ,j 82 napiires C .--25*0; H — 3*5; 8 — 22*2; 
Cl — 40*3 q)cr cent.). 

The substance has a jmngent od(,)ur, but is without x'csicant action 
on the skin. On oxidation with 50 per cent, nitric acid, it yickU 
the barium |ly-dichloropropanesulphonate described above (Found : 
Ba 25*4 percent,), and the corresponding ammonium salt (Found ; 
Cl 33*0 per cent.). The preliminary fraction boiling at 170 — 100° 
mentioned above proved on examination to be a mixture of ti>e 
mono- and the di-sulphide. 

^Vhilst it has already been shown by Cil)snn and Pope that 
ethylene reacts with sulphur monochloride in accordanoo with 
equation 1 , it is now indicated that certain ctJiylenic derivatives 
I’eact With sulphur monochloride in the jnaniicr rcpre.scnted by 
VOL. exXV SS 
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equation 1 at high temperatures and by equation 2 at teinporaty., 
below 20”. ' 

One of us (J, L. Ti. S.) is indebted to the Department of Scientifie 
and Industrial Kescarch for a grant enabling him to take 
in the above investigation. 

Ttri<: Chemical Laloratouv, 

Um\ KiisiTV or t\u[iniiiM,'R. [/Jccccmf, 2'//,. Hioo i 


CXLJI.—T/ie Influoice. of Solvents on the Vehdhj of 
Formation of Qualernar?j Ammonmni Suits, 

By James Alexander Hawkins. 

Menschltkin (Z. phifsikal. 1800, 5, 589, and in several 

later paj)ers) shows that the intluence exercised by solvents en 
the A^locity of combination of tertiary bases and alkyl haloids h 
very great. 

The experiments which follow wore made in order to test the 
validity of certain sugge.stions that have been advanced to expliiin 
the nature of the action of the solvent. 

Patterson and Montgonierio (T., 1912, 101, 26) show that chaiioc 
of solvent frequently alTects different reaetions in the same order. 
From this, Cox (T.. 1921, 119, 142) assumes that reactions take 
place bv the formation of intermediate compounds or .solvent- 
solute complexes; the velocity of reaction, being dependent on 
the constitution of the com])lex, is also dependent on the consti- 
tution of the .solvent and solute, 

'To test this assumption, freezing-i'xdnt curves of mixtures d 
solvent and tertiary base and of solvent and alkyl haloid were 
determined. Maas and .Macintosh (J. Amn\ Chem. Sw., 1912 
34, 1278) and Kendall {lh'«L, 1914, 36, 1222) used this method for 
the examination of organic additivi' compounds, llio niuleeular 
proportion is plotted against the t('mperature, as on the addition 
of one pure substance to another the indting jaunts of both are 
lowered and two curves are obtained intersecting at their eiiteetie 
point. H additive compounds are fornu'd, more than one euteclif 
point will be obtained. 

Lewis and Lambic (T.. 1914, 105. 2330) deduced from Arrlicnius^ 
equation, log kt, /log k,, - A{l;F - - 

catalyst is present in large quantity a diminution of tlie tciuper* 
ature coefficient should take place/' a]id by applying the (jaantiim 
theory to the Marcelin-Kice equation, (l\ogk-dt KfHF, die\i 
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the conclusion tliat “ any agency which increases tlie reaction 
'clocity diminishes the tomperatuve coefhcif'nt of tlie constant.'’ 
Lewis assumes that the critical energy Increment, K, tlic amount 
energy necessary to make an a\'erage gram-molceulc react, is 
<apphed by the absorption of infra-red radiation of a given frequency 
ivhich the suhstaiice is capable of absorbing. The radiation is 
iiresent in the system by virtue of its temperature. 

Cox {loc. cit-) examined the radiation theory by a study of the 
temperature coeiheients of several reactions m ditlerent solvents 
and drew the conclusion that Len’is's theory is corren/t where the 
(^atalvst greatly aecelcrate.s the velocity of the reaction. 

Temperature coefficients and the \'alu(‘ of E for the velocity of 
(‘omhinatioii of ])yridine and allyl l)roniide rvero obtained in order 
to investigate whether or not the influence exerei.sed by the solvent 
in tliis reaction is due to iiilTa-red radiatii>n. 

Is X r E R 1 M !■: X T L. 

Freezing-point curves were used to determine whether or not 
additive compounds M'crc formed. Temperatures from y- 10' to 
- 1o^ M'cre obtained by moans of ice aiid salt, — l.y to — 70'" 
l)V solid carbon dioxide and acetone, and tem])eratures lower 
than — by the use of liquid air. The apparatus used resembled 
tlie usual Beckmann apparatus. The outer tul)e was kept at a 
temperature slightly lower than the freezing ])oint of the mixtun^ 
in the inner tube, M'hieli was constantly stirred. The inner tube 
with the Jiiixturo to be exami]ied was eontaiiicd in a slightly larger, 
carefully dried glass tube. This was iiiscrtetl in the l)ath of solid 
carbon dif».ide and acetone or ]i(|uid air, \shich Mas kept in an 
unsilvered Dewar tlask. When tlie mixture liad solidihed, the 
inner tube M’as transferrm] to a dry outer tube ami placed in an 
cin])ty uusilvorcd Dewar flask, so tlrat frostiness Mas avoided. 
The temperature was recorded when the first crystals appeared on 
knvering the temperature and again when the last crystals disap- 
poared on raising the temjieralure, 

Curves were olitainod (Tig, 1) vhich in all eases liave only one 
eutectic point . Conscq uently, no additive co i n [ )ou tids 'weiT' detected 
either in the case of mixtures of the tertiary base and the solvent 
or in the Jiiixture of the alkyl haloid and solvent. The tM'o solvents 
clioson were as di\erse as ])ossiblc. the reaction proceeding very 
rapidly in acetophenone and very slowlv in hcii/.ene. d he freeziug- 
])oiiit curve of piperidine and a(‘(‘toplicnoue was also deterjuined, 
as although piperidine is a seeoTidarv base its reiu'tion M'ith allyl 
bromide proceeds much more r'ai)idly than the j'eaction of pyridine 
and allyl bromide. 
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From this it would appear that the reaction does not take 
by the formation of intermediate compounds or solvcnt-soi^^p 
complexes, consequently the speed of reaction cannot be determine.] 
by these solvent-solute complexes. 


Fig. 1 . 





l^i'acfion Velocifies. 

Solutions of pyridine and allyl bromide in diiferent solvents 
were prepared and sca](^] in glass tubes, the resulting solution 
being 0-37.V with rc-spoct to })oth reagents. The quateruai'y 
ammonium salt was proci])itat(‘d as a heavy red oil in all solvents 
exeej;)t alcohol, The u'oight of the mixture in each tube was deter- 
mined and the tubes immersed in a thermostat, the temperatures 
employed being 28'3", 38-3®, and A tube was withdrawn at 

intervals and broken und(T water, and the ionic bromine was titrated 
wdth silver nitrate, using potassium ebromatc as an indicator. 
Time, measured in minutes, \vas ivckonod from the moment at 
which the first tube \va.s withdrawn from the tlicrnio.stat, whioli 
was after a few minutes' iinmer.sion. The \ eIoei ty of reaction was 
calculated by tlie formula k /(’o ~ 

All the solvents arid reagents were carefully purified and dried 
as efheiently as possible. 
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velocity 


Temperature 56 ' 5 '. 


Solvent, toUiono. 


Time 

jn minS" 

C' per cent. 

k. 

0-0011)5 

CT 

5*S8 

Oi 

ii: 

1(52 

190 

8' 12 

0-00185 

1000 

0-00180 

11-88 

Solvent, alenhol. 

0-00194 

2j 

10-32 

0-0201 

33 

20-00 

0-0205 

G(i 

38-7o 

0-0208 



Solvent, bcnzeiK', 


Time 



in mins. 

C't per cent. 

k. 

31 

2-54 

0-tt0229 

50 

4-72 

0(Ki22.5 

10!) 

8-;i4 

0-00227 


Solvent, Rc-etoiie, 


30 

20-74 

0-0.328 

01 

43-2!) 

0-0338 

05 

54-32 

0-0337 

147 

01 •■52 

0 0334 


Other results, obtained in the same manner, arc tabi.dated below, 
the velocity constants being determined in these solvents at 28-3'', 
38‘3^ and 5C-5°. 

Solvent. 


L 

Teiiijoeiaiuro. 



28-3'. 

38-:t. 

50-5 \ 


0-000231 

0-000517 

0-00 ISO 

Benzene 

0-000305 

0-000042 

0-00223 

Alcohol 

0-00251 

0-00557 

0-02t)2 

Acetone 

0-00505 

o-om2 

0-0338 

ji-Mtrotoluene 

0-00057 

0-012(1 

0-0370 

Acetophenone 

0-()l()4 

0-02(13 

ri-052() 

Nitrobenzene 

0-ni29 

0-0251 

0-0S4S 


There is a very marked difPerenee in the veloeily of reaction in 
these solvents, the reaction bci]ig more than forty times faster in 
nitrobenzene than in toluene, 

Velodbj of Pieaclion in Mixed SoJcciils.—AWy] bromide and 
j)yridine were added in the same coe.centration (0-3T.Y} to mixtures 
of two solvents, and the reaction velocities were determined. 




Temperalurc 

dri-')*. 



Molecular 

proper- 


>[oleeuh: 

11 - propor- 


tion of solvents. 


i ion of 

.^olvents. 


Acetone. 

Toluene. 

k. Ac 

r'lopiK'nonc. Benzene. 

k. 

1 

0 

0-033 S 

1 

0 

0-052(1 

0-88 

0-T2 

0-0224 

0'()8 

0-32 

0 03 10 

0-75 

0-25 

0-0177 

0-43 

0-57 

0-0203 

0-59 

0-41 

0-0124 

0-19 

0-81 

(i-00!)13 

0-4 

0-0 

0-00945 

0 

1 

O-('0227 

()-23 

0-77 

( 1-00087 




0 

1 

0-00193 





If the molecular concentration of the two solvents is plotted 
agaimst the reaction velocity, it will be seen that the curve does 
not fall off in a straight line from the highest to the lowest velocity, 
bat falls slowly until a concentration is reached where the solvent 
in which the reaction lakes place more slowly, predominates to a 
very great exteiit, and then drops rapidly. 
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the 


From this it appears that tlic solvent in which the 
proceeds more rapidly has a greater effect (m the reaction 
than that corresponding with its concentration. 




Tnnpe mtu re Coefi dents. 


The usual form of t‘\j.)ressing temperature coefficients i.s tlu* • 
i^'t -r l 0 )//iv The values of this ratio over the range 28 * 3 ^ to of.!: 
are given in the following table. ' 






Average ratio of 

Soivenf. 

Fjs.;,’ 

Ab.V 

^'28-3 

■ 

TolueiK' 



3 -rill 

8 '05 

]st; 

Itotizono 

211 

3-47 

7-31 


Aleoliol 

.) . .) <) 

3- (52 

8-04 

1 -‘I.s 

Acetone 

2-02 

3-31 

fi-GO 

Is:’ 

/J-Xitrololucne 

1-02 

2 -OS 

-V72 

l'ti3 

.Acoto|4ienono 

1-0, 

2-r)0 

.rOG 

1-42 

Xilrobeiizene 

1-04 

3-37 

O’ 7)4 

1-S.7 


From these results it is seeiL that the value per degree of teiij. 
perature for the ratio ^'333 '^'283 higlier than for tlie 

ratio 5 , 7^33-3 , and this differeiiee is in agreement with Leuix 
and Lambic's theory that ” any agency which increases the roactinn 
velocity diminishes the temperature coefficient of the constant “ 
The results, which agree, within the limits of experimental emir, 
with the integrated formula of Arrhenius or of the radiation tlio-r- 
arc shown by the graph (Fig. 2 ), in Avhieh the logarithm of tt 
veioeity constant is plotted against tire reciprocal of tlie absohiK- 
temperature. The slope of the line indicates the leinperatiire 
coefficient. 

The effect of the tein])crature on the. \ eloeity is ])etter cxpresvcl 
by the tci'Jii K, denoting the difference between the critical eia'iYv 
and the mean internal energy per gram-moleeule, a.ssutiiing that a 
molecTdo reacts when it,s internal energy has l>een raised to a eerTaiii 
critical value, which is generally large compared with the intrnial 
energy of the mtdeeuh'. E repri'scmts the amount of energv [if-r 
average gram- molecule necessary in ord(T that the reaciioii min 

proceed : log ~ log [j — j ), wliere/f --- l-OSo calorim 

The following are the mean valiu's of F for this reaction. 


^Solvi-nt. /<; .Solvent, K. /Ofs. 

'toluene I.\l00 f)'000:j;}L 'p-Mitrotolueni* ... I2aiO() 

Bi'nzeiie 14,400 Aeetophonone ... 12.H«» ii'iijiO 

Aleoliol I,"),lO0 n'002.‘l Nitrulieiizent' I;{.:i0(i 

AretojK' KLlioo n-oo.-jorj 


K in these ix'sidts is in the inverse order to the veloeiiy of tlu’ 
reaction except in the case of alcohol and nitrobenzene. All the 
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oth^T agrecuiont Mith the conchisioii of Lewis and 

Lamble stated above. The temperature eoofficient is not inversely 
proportional to the reaction velocity in different solvents, so other 
iaflueiices besides that of radiation must control ilie velocity of the 

reaction. ^ 



2>.>3 5^1 33' 

Pcciprocul of the ahsolute iunpd-ature. x 10^. 


Attempts M'ere made to lind a connexion lietweeii reaction 
velocity and the viscosity of the medium, but tliese were unsuc- 
cessful, because in this reaction the v(docities are very different 
in media of nearly the same viscosity, There is some relation 
between the dielectric constants of the solvents and the reaction 
velocities, the latter generally increasing in the same order as tlie 


former. 

Dioiectri*. 

Solvont. /.o,;.., . Vi<(.'Osity con.stant. 

'I'olw'iic ()-(i002;}l (vuuo.t 2-31 

It'-'nzt'iic O'OOUoOa U-OUOU 2-2(; 

Alctdiol 0'U(i2.')i O-oKi!) 2,'»-S 

•Acvtuuc u-uO.')U.'i O-U03 21’.') 

•Wtopheirmo O'OlOA U'dlit ISU 

^’itrobcii7.eiie t)'Ui29 '>01 S 36‘o 
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The values of the viscosities and dielectric constants of 
solvents were taken from the Landolt Bornstein tables excc t 
the case of acetophenone, the viscosity of which was deteri 


with reference to benzene. 


In the case of alcohol and nitrobenzene, where the tciuperat 
coefficients of the velocity constants are abnormally higji ? 
dielectric constants are also abnormally high. ’ ^ 


Summary. 

1. Freezing-point curves of mixtures of solvent and tertiary 

and of solvent and alkyl haloid do not disclose the existence of 
additive compounds, and therefore the influence of the solvent on 
tlie velocity of formation of quaternary ammonium salts is not i 
due to the formation of such compounds. | 

2. The temperature coofficients of the reaction and tlie I 
of E have been delerniined in a number of different solvents. Xlie ■ 
results arc in harmony with Lewis’s theory that any ageiicv 
which increases the velocity of the reaction diminishes the temper- 
aturo cocfficicut of the velocity constant.” 

‘3. The teniperaiure cuellicient is not inversely proportional to 
the reaction velocity in different solvents, so other influences beside^ 
that of radiation must control the reaction velocity. 

4. Tiierc is an approximate parallelism between the dielectric 
constants of the solvents and the reaction velocities. 


The author desires to express bis thanks to Frofessor Sir James 
Walker, F.R.S., for bis help and advice in this work. 

ClIF.MTSTRY 1 )i:P A RTMFNT, 

UMVEiisriv OF EiJix BUIUJH. [RfCfirtx}, 
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('XLIIT.— Wfe Influence, of SuhliUierds on ihe Formation 
and Slahiliii/ of Heterocyclic Compounds. Part 1. 
Ujfdanioins, 

j;{v Ckkistopher Kelk Lnuold, .SiiixicKr 8 a ko, and Jocelyn 
Field TiionpE. 

jx two series of papers, one entitled The Formatio]i of Uiisat^irated 
indCyelic Compounds from Ilalogenated Ojiemcliain Derivatives,” 
01(1 tln^ other The Formation and Stahility of .vpo'o-Compounds,” 
it is proposed to describe experiments the oliject of which is to 
jvcortain the effect of substituents, whether in the form of separate 
groups or of spirane rings, on tlio ease of formation and on tlie 
lability of the different types of lioinocyclic ring. The series of 
papers of which this is Part I will contain a description of certain 
.^'tensions into the heterocyclic series of the same general investi- 
gation. 

The examination of heterocyclic substance's from tin* point 
if view which has already been illu.stratr'd in tlie ea.se of a number of 
lomocyclic compounds (T., 19-1, 119, 305, 951, 2001 ; also T., 
1915, 107, 1080; 1919, 115, 321; 1920, 117, 1579} appears to 
liter advantages \v'hi(;li roach la'voiid the mere generalisation of 
:liose broad principles, wdiieli, we belie\ e, niay now be regarded as 
laving been fairly well established, so far as concerns their (pialita* 
:ive aspect, in the hoinoct'clic scries. The great difiieulty in Itie 
nmiocyclic scries is to lind methods of ring formation or ring 
ission which are generally applicable, exempt from tlie cruder kinds 
)f objection, and, at the same time, capable of yielding ix'.sults 
laving some claim to cpiaiilitative accuracy. It would be quite 
nijiossible, for instance, to stiuiy at the ]ii'i'seiit time the dynamics 
)f a reaction such as that by which earoiiic acid is produced from 
x-broniu-S[i-dimethylglutai'ic acid by the action of alkalis; not 
■inly because the analytical methods ai'c lacking, but also because, 
11 order to ensure that the cliangc shall ]irocee(.l even mainly in the 
'('([iiired direction, it is necessary to ('inploy conditions under which 
:lic reaction is completed in a few moments. This diiliculty relating 
:o velocity measuii'ments has b(‘en partly overcome (Ingokl, T., 
11121, 119, 305) l)v allowing a standard side reaction to compete 
with ring formation, and then, after completing tlie reaction, 
-'(itiiating tlu^ projiortions in which the various products have been 
■ortued. This process, however, gtuierally involves a separation 
which has to be elaborated Ixd'ore it can be a})plied and is (>ften 
exceedingly tnuiblcsome to carry out ; quite frequently the results 

VOL. CXXI. ' TT 
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arc spoiled owing to the practical impossibility of account im; f, 
the wliolo of tlie material; in any ease, months arc 
required to i>roducc a result comparable with that which nii!rl]J 
obtained in a few minutes in more favourable circumstaiuc^ f,j 
example, by means of a single titration. The study of lietcroc-vclji. 
compounds appeared to otfer the opportunity sought of ohtahiiiyj 
quantitative results which might form, not only a more striiua-nt 
test of the hypotheses pre\ iously advanced, but also, (piiip 
ceivably, a definite basis for future modification and developiucnt 
Lactones, lactams, eyc'lic anhydrides, imides, and iireidcs an- 
types of heterocyclic ring which it is possible to open and 
smoothly and wiiliout the formation c»f by-products. If an albili 
is used to open the ring and the open- chain substance is a cathowlic 
acid, the progress of the reaction should be capable of being folloMotl 
merely by estimating the a])sorpti(m of alkali. Tliis is the iuct]io(l 
em[)loyed in the present investigation, and the results ohtaiiiod 
fully justify {so wc believe) the departure which has l)een madeiji 
order to secure them. 

Ill the first of the series of papers (T., 19-1, 119, 30b) rcktinato 
the formation of simple hoiuocyclic rings (as opposed to spiraue 
rings, p. 1179) the hypothesis was advanced that the disjjo.sition of 
atoms around a central caTl)on atom is determined by their relative 


volumes ; that, for im.daiiee, the earboii atoms (n) and (b) in tlie,L(roi!|)- 

(c) K- ,C (u) (c) IL^ dl {(() 

(A.) >C0— - iff 

(d) W [b) {</) t/ (fc) 


ing (.1) approach one another more nearly the greater tlie atmnif 
volumes of the grou[)s K (c and d). Ho\\ev(‘r the matter is viewed, 
whether as a transiiiissioii of strain across the carbon atom or as a 
sharing-out of the space around it, it is this plKmomenun wliicli lies 
at the root of the remarkable influence v hicli the grou])s K exert 
on the tendency < 1 tlie two carbon atoms 0 to miter into the forinaticii 
of a ring. The (juantitative expression of this view takes thefonii 

eosee 0 = 1 T- />(! — vTlp -j- /j),. (1 — Ip *!' p“) « • ♦ (0 

whore p is tlie ratio of the atomic volume (Traulie) of R to that of (. 
The general character of tins relationsliip is plain : if p ~ b then 
20 = 109-rR; if p<], then 20> lU9*bb and if p> 1, then 2t/<l(.HKk 
20 will tlifier from 109'. T the more the greater tlu' diiference of p 
from unity. The temiency of groujts attached to tlu; carhuii 
atoms {a) and {b) to interact with the formation of a ring should 
therefore lx; governed by the atomic vuliimes of the groups H 
according to a iierfcctly definite law, and the ex|)eriinonts 
up to the present time, have been carried out on ring-fornuilinii ui 
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jjiose cases fully bear out the general character of tliis conelusioii. 
Ho^vovorj for the reasons indicated abosc, it has not prcvioii.'^lv 
been possible to trace any quantitath e agreement uitli the precise 
form of the function on the right-liand side of equation (i). 

ff the original grouping is of the form {B) the e(i nation for tln^ 
natural angle between the valencies joiiihig the cenlral carbon atom 
to the carbon atoms (a) and {b) is 

cosoc (?-=! + -r 18/j ~ 3 3/) — l);{3p - 1} . (ii) 

which shows that the divei'genee of the angh^ 20 from lOO-.-)” when 
p differs from unity is much smaller than in the eases to wliich 
equation (i) applies. The type of variation is, howeviw, the same. 
The experiments which have been instituted on tlm t('udeiu'y to 
ring formation in ca.scs covered by ccpiatioii (ii) an* still in proiax-ss, 
but enough work has been done to show that in this field also there 
is good agreement with tlieory, so far, at least, as it is possible to 
ascertain by the cxperinienlal methods employed. 

It should bo pointed out that l’(j nations (i) and (ii) are not in- 
dependent. Both have a common origin in the same hypothesis; 
both are particular cases of the same general formula, which it has 
not vet become ncce.ssary to consider in detail. 

When the grouping is (ff the cyclic polymetliyhme form, 

\ /C (u) 

(CH,-,)„_j 2 $, 

/ '^C {b) 

the atomic volume hypothesis ceases to apply. The geometry of 
the carbon ring is now the dominating factor, and by ])ostulating 
the equal distribution of the available space external to the ri?ig tlie 
relation 

cos 0 /ii -r S — sin -, 01 ) .... (iii) 

i.s found. This formula, like the others, expresses tlie facts to 
which it applies at least as exactly as the experimental methods 
hitherto employed are capable of ascertaining them, and it may be 
taken on the recorded evidence as a fairly good indication of tlie 
relative inclinalions of the valencies emanating from a carbon 
atom of a polymethylene ring, and of the relative leiidencios to 
the formation of a second ring joined to the first l)y a single common 
carbon atom. 

Equation (iii), it is necessary to observe, has nothing in c-uinmon 
with equations (i) and (ii). Its hypothetical origin and mode of 
derivation an> entirely distinct, and on this circiimstanei' it is 
possible to ba.se a stringent te.st of the validity of the assumptions 
which have b''eu made, The only justilleatiou wliioh tlie f(n‘muh« 
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have ]iA(l liitlievto is that each faithfully ex])resscs the \ 
whivh it alone is intended to apply; but, if in addition to thljj 
could be shown that tlic three fonnulffi meet in harmony oji eoinip^ 
ground and that each sets up the same identical scale of valuer i 
means of which the angle '20 can bo connected with 
experimental data, then, since such an agreement could scarcfp. 
arise by accident, one eon Id not hut eoiieludo that the ideas wliicj'i 
have bee)i evolved regarding the influence of attached groii])>: 
rings on the formation and stability of ring compounds coiunin i|j 
all their main essentials, a very camsiderable element of tnitli 
One might, for instance, .iiiwstjgate dynamically the vcluciti(.- 
of formation of, let us say, a series of some half-dozen ring eoinpoutKh 
of the same general type : 


IK .X' 
^CO 20 


K'/ 


Ks /X 

- ><i 

R'/ \y 


the only dilference between th(' individual cases being tlie difh-roiKf 
in the groups R, K', Suppose that the reactions are all uuinuilf*- 
eular, giving definite velocity constants. Then, since It and K' 
are independent atoms or radicles, (apnitions (i) and (ii) enable oik; 
to calculate the angle '20, against which the velocity constant^ 
could be plotted. Previous experience suggests that all Hie point.^ 
obtained in this way should lie on a smouth curve. On the other 
hand, one might invc.Higate the foi'mation of a series of 
eonipounds, 

(CH0„.,)('j I, 

/ Ny- / Xy 

and plot the \elocilv constants against the angles '20 calculated 
from cejuatiun (iii). To judge l>y previous (‘.\])(‘rienec, tlicse points 
also sliuiild lie (ju a smootli cur\(\ d'he inijau'tant jioint. liuwcver, 
is tiiat if (and only if) all the main assumptions of tlie theory are 
es.sentiaily correct, the two curves slnmld he coincident. Jn the 
prestmt papcT, it is shown that for one reaction at least thevrealiy 
are coincident, and that a scries of substances so chosen that some 
fall within each of the classes to which c(|uations (i), (ii), and (iii), 
respectively, apply give ])oi)i{s lying rcmarkahly .well on a siitule 
smooth curve. The pi'ccisi' character of the funetinn represented 
by the curve foimis a dii'licult subject wiiich we do not prujKisc tu 
discuss until sonu' fnrtlicr eiii'ves of the same kind shall iiave hecii 
traced; ncwertludcss, the agreement lietwemi (lie difTcrcnt jiicihcd^ 
of ealculutiiig 20 is sutlifdr'iitly noti'Worthy to render ahnoH in* 
evitable the conclusion tliat the values uhtaiiied arc csscjitially 
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accurate and represent quantities Inaving physical realiiy as well as 
ohendcal significance. 

In present investigation, the follow ing groups are compared : 
g/) Two falling within the class covered hy eriuation (i), namely, 

«;>(•<■-!« = and' j[®>C<2e ; 

(Z,) one covered l)y equation (ii), iianicly, =: ) Il’-.v ; 

(f) two of the class covered hy (‘([ualion (iii), namely, 
and Cir.<tl[->C<2fr 

Cll, ■ ''V. 

(f/) one covered by a modilied form of etj nation (i), namely, 
— lOT"* (approx.). 

It will he noticed that the values of 20 for one or other of tlic gronp.s 
representing every one of these classes (('xeepting the founli) lie in 
hetween the valiie.s for memhers of the other chv'ses. This, of 
course was a eondition which it was essential to fiiill! in selecting 
substances for investigation ; otherwise, w'hcn the reaction veloeit i('s 
were dedermined, the eon.staiits, I, corr('s])anding with each class oF 
compound would give assemhlages of jioints on different parts of 
the k~9 curve, and the uncertainty of interpolating between these 
groups of values would seriously ha\'e wep.kened any ]iositive 
inference as to the identity of tlu' function represented. 

As long ago a.s 1S05, Baeyer ])re])ared hydantoiii and showed 
that it reaet.s very smoothly with hot alkalis, giving saltsof hydantoie 
acid by fission of the ring [AnnalfjL iSO.u 130, Itio). Andrca^eh 
was the first to pnive {Monaish.. liKLh 23. SIO) thai in acid solution 
the rcver.se "caclion could !)(' realised ; that hydantoie acid passed 
back again into hydanloin on heating with iivdrochlorie acid : 


CHX 


XH‘CO 

CO-XK 


.Ukiili. 
Tvo I. 


CTlX 


XK-CO-XIL 

(VAi 


These reactions, jiarticularly the iirst, which ]U’nce(.‘ds at a eonsidta-- 
ahle velocity even in a moderately dilute alka.liiie sih.ition. seemed 
eminently suited to ([uantitative examination, and it was for this 
reas(ui that hydantoin.s were chosen as flu' s\ihjeet of this, the first 
of this serie.s of investigations. Hydanloin is a neutral substance 
(compare j). 1103, lunvever), wliilst hydantoie acid is strongly 
acidic; hence the progress of ring-formation can he followed hy 
titration. Consideration shows tliat tliere are hut few tvj^es of 
hetei'ocyelic nitrogen eomjunind wliieh so weli fulfil the coiulitions 
required for a quantitative investigation of ibis character. 

In the experimental part of this paper, tiiereforc, will he found a 
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series of measurements which has been made on the velocity of 
fission by alkalis of hydantoin ( 1 ), three alkylhydantoins, namely 
5-methylliydantoin (If), 5 : 5-dimethylhydantoin (III), and 5; 
dietliylhydantoin (IV), and two spiranc derivatives, namely 


(I) 


cm., .nh-co 

tK^^CO-NH 

(III,) 

CH3.^^^C0.NH 

„ .NH-CO 


5*C7eZopropanc.$p ? rahydant oil 1 

(VI) : 


(V.) 


CH, 


/NH-CO 

'^CO-SH 


(V) and d-ryc/obutanespirohydaiitoin 


. /CHo. ^/NH-CO 


^CO-IsH 


(VM 


The two t^pd'ohydantoins had not previously been prepared, 
and are described in the experimental iJart of this paper, it is 
obvious that tlic classic method of preparing d-siibstituted hydaiv 
toins, namely, condensing an aldehyde, or ketone with hydrocyanic 
and cyanic aeid.s : 

.NH-CO 

RR'CO I HCN + HCXO = KR , jt,jj 


cannot readily bo a])plied to the ]n'eparation of tlie apiro-compounds 
owing to the great dilhciilty vhieh attends the i)iTparatioii ef 
(’//c/oprojianouc and c'//e?fd:iutanonc in any considerable quantity. 
We lia\e found, however, that these sju’rchydantoins can lie pix- 
pared very ca.sily and in any’ desired amount from the esttas MI 


(VII.) 


CH./ 


>C< 


CO.Kt 

CO^Et 


aL<™;>c< 


co.j:t 

co‘Et 


(Vlll.) 


and VIII, which Perldii obtained by the action of ethylene and 
trimcthylene bromide.s on ethyl sodiomalonate (T., 1885, 47. Sl(i: 
1887, 51, 2). These esters, on treatment witli ammonia, give 
diamides U’hieh i)ox and Voder hav’c recently’ (leseril)ed (-/. -h/io". 
Chan. Hoc., 1921, 43, 077, 2007). The diamides (IX and X), vlicn 
mixed witli the coiTcet amounts of bromine and sodium hydroxide, 
arc quantitatively converted into sjiaringly soluble Xaiihroino 
diamides (XI and XU), wliieh, on treatment with methyl alcoholic 
sodium mothoxide. give the required hydantoiiis (\ and 
cprantitative yd old ; 


(IX.) 

CH COXH, 

CH./^^^CO'XHo 

j 

oirx, 

(XL) 

CO’XHBr 

Cli/^'^CO-XHBr 

on,<I 


(TI.^^X'O-XHo 


■CH 

CH/ 


CO.NHBr 

^CO'XHBr 
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The last reaction is a singular one: it e^;id(.‘^tIy involves a 
change aiTecting one only of the two amide residues. 
Qiie must also assume that a “ spontaneous ” r('diiction with the 
format ioii of hypohromite occurs at some stage of tlic reaction, 
which probably takes some such course as the following : 


CO'NHBr 


> CR2< 


n:co 

CO-NI-iBi 


_ .NIBCO 


CR,< 


XH-CO 

co-Ntr 


III spite of its complex character, however, the reaction app(*ars to 
1)0 of very general application and cannot fail to prove valuable for 
the preparation of o-substituted hydantoins. [Most of the dimethyl- 
livdaiitoin (III), and all the dietliylhydantoin (IV) rofjuired for 
this research were i)rc]iared from the respective dibromodiamidcs 
(VIII and XIV) : 

(XI tr.) CMe,(CO*XHEr), CEt,(CO-XHBr), (XIV-) 

Fission of the hydantoins takes place best in the presence of a 
moderate excess of alkali, ^\'llicll should he sufficiently diluted to 
prevent further decomjiosition resulting in the formation of 
carbonates. The essential reaction is an ionic one : 


A retrograde reaction is possible, but we arc entitled to commence 
j)V assuming that it docs not occur to any appreciable extent in the 
presence of tlio large coneentratiou of hydroxyl ions cmployerl. 
If tliis supposition be not true, then the fact will become plain when 
the attempt shall bo made to calculate the velocity constants. Let 
a-g he the initial concentration of the hydantoin and that of the 
hydroxyl ions, both being reckoned in gram -equivalents per litre. 
Then, since //q is greater than .Tq, the concentration y of hydroxyl 
ions at t minutes from the commcucemcnt of the reaction is given 
Ijy _ Xq i .r, where x is the concentration of liydantoin. ior 
an irrcver.Mblc change wo hav(' 

— — Iwy I'xil/Q — .Cq -r 

the integrated form of wliicli, obtained by splitting into })artial 
fractions, is 

l^>g. iUo - ^') - ;r - A'L//o - '^’o) - constant, 

or, using the values corrcspoiuiiiig with i -- (b 

^ ...p^rr 

' ^(//o “ -^’o) ' 1 

The values of k ('aleiilated from this formula are moderately eon- 
stant, sc that the introduction of a correction for reversibility seems 
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unnecessary. Tn computing the following results, a proporf 
number, h' = 100^’/log,,10 is employed to avoid arithmetic : 


100 


w + -v 

) .t %) 


Fig. 1 shows a series of curves representing the results talnilntcii 
ill the experimental part of this paper for the rates of fission of 
six hydaiitoins ivliich w(>. liave investigated. Along the vcrti(a[ 
axis arc plotted the quantities of hydantoin, reckoned in units 
cent, of the initial amount, remaining unchanged at different timev 
from the commencement of tlie reaction. The timo.s are plotto] 
in minutes on the horizontal axi.^^. Of all the suhstancos e.xaniiinYj 
('//c/opropanesjuVoliydantoin is the most easily dcconijiosed },; 
alkali; the curve representing tlie velocity of its fi.ssion is 
nearly vertical. IVcxt comes hydantoin itself, then (’yc'7o]>uta)ieAp,V(,. 


Ffo. T. 



hydantoin, then monomethylhydantoin, then diracthylhydautohi, 
and finally dieth 3 d]iydant()in, wliick undergoes fi.^sion nearlv one 
hundred times more slowly tiian the rye/opropaiie derivative under 
the experimental conditions employ ed. This order, it will be noted, 
is precisely that which might liave been arrived at from the values 
of 2$ for the different substances, d(‘spite the fact that distinct 
metliods of calculation arc einploA'cd for the siinjde-ring coni])miii(is 
and for the .vp/ro-compoii nds. Xot only, liowe\cr. is tlie order of 
the various substances that vliicli Iheoiy requires, hut ilicre appears 
to 1)0 all extrc'mely simple rcdationsiiip sidisisting between the 
stabilities of the substances, as rejuesented by tlie velocity constants 
for tlieir fission to Jii'dantoic acids, ami file calculated magnitude 
20 \ for if the logarithm of tlie velocitv constant be plotti'd agaiast 
-^.'a straigdit line will be (ditained. 

This result, which is exhibited in Fig, 2, k very .singular. On 
gimeral grounds one would liave expisdi d to oldain a cur\e lending 
toward.s a minimum, Imt it is quite' jjossible tliat if nii'ans were 
found of extciidiug the curve in tlic direction of diminishing values 
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^,f some signs of the existence of a niiniruuin would appear. 
} 4 ()wevcr, over the range covered by the experiments, tlie rectilinear 
relationship appears to hold ^vitli considcra})le accuracy, as the 
following calculation of log^ij V — llO-T) shows : 


,.v,7t>rmpanc.s'p5't^l»y<lantoin 

Hv^Iantoin 

^■,|\■loBnU^ncsph•(}\^y^hintoln , 

Met lu ll lytlant oil! 



DiciliyUiydaritoin 


logiijt' 



//. 

lop,,/.'. 


IJU'O 

I:e8 

- • L'I4 

(1-18 


11'2 

I nr) 

()-22 

ii:eii 


- ()-42 

0-18 


2-2S 

0 ;5fi 

0-21) 

nre.i 



n -21 

KiT'O 

0-1 m 

-0\S4 

U-22 

Fk;. 2. 






III every case the value is close to 0-2(). It does not seem possible 
at the present time to nmlcrstand the full significance of this 
relationship. Xevertheless, the fact that such a simple and uniform 
i'liiicdon does exist appears to imlicalf' in tlu' most delinite manner 
that the views by wiiich we have hitlierto bcim guided in these 
researclies on ring stability are likely to remain tenable in essence 
if not in detail. 

We referred on p. 1182 to the diflienlty whicli attends the pre- 
paration of cy<^^opi'opanone. Abejut one year ago one of us, in 
connexion with anotlier investigation, prepared a small amoun't of 
this substance and characterised it hy means of its semiearbazone 
(lugold, T,, 1921, 119, oil), Since (w/c/apropanone would form a 
valuable start.ing-jmint for the pnparation of .sp/ro-conijiounds if 
it could be obtained in quaMtity, we considered it well worth wliile 
to ascertain wlicther cyc/opropaiiespiVoh\'dantoin (\ ), wliich can 
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easily be obtained in large aniouiit by the method deseribod. 
be converted into eye/oprojianonc by any convenient means p 
seemed that the hydantoic acid (XV) formed by fission with alknij. 
would undergo hydrolysis by means of nitrous acid to give an add 
(XVI) wliicli sliould spontaneously lose carbon dioxide, yieldim, 

] -aininoryr/opropane-] -carboxylic acid (XVIT). Tliis cfoiiM ].' 
successively converted into its ester (XVIli) and amide (XlX' 
and the latter treated according to the Hofmann method vdtK 
bromine and alkali. The bromu-compourid (XX) produced in 
this way should pass on tL'eatmcnt with excess of alkali into a 
carbimide (XXI) and then a diamine (XXII), which would almost 
certainly be unstable under tlic coiiditions of tlie experiment and 
would lose ammonia, giving first the inline (XXIfl), and fijiailv 
possibly on aciditication, the ketone (XXI^") : 


CH.,\nxXli'CO 


I 

c 




(V.) 
X'H-COHI 


(XV.) 


(xvr.)“ 


CH. 


/XH„ 


CHo 


T’O’XH, Ch 


"(XVTL) 


X'O-XHBr CH, 


^ CH,\^,/XH, 

’ CIV "''f'oAt 

(.Will.) ■ 


xxo 


(XlX.) 

(XX.) 

(xxr.) 

A 

1 

b'H.jV. 

. gX'o 


ixxiii.) 

(XXLV.) 


The fission of the liydantoic acid (V) by alkalis lias already been 
alluded to. A (piantitativo yield of the liydantoic acid (XV) iiiav 
be obtained by using aijueuus or alcoholic potassium hydroxide, 
which is rather more convenient for large-scale work tluin barium 
liydroxide, the alkali employed in the quantitative experiments. 

It will be recalled tiiat the monoalkvlcarbamides (H-XH-COXTf), 
to which class tlie liydantoic acid (X\T) belongs, generally react 
with nitrous aeid in two ways : in the first place, the sccuiidary 
amido-group may be attackml with the formation (>f a iiitrom- 
compound (reaction J); on the other liand, the primary amido- 
group mav be attacked, the initial product being an alkylcarbauiic 
acif,l (reaction J)), vhich spontam^ously loses carbon dioxide, giving 


a ])rimary amine ; 


4 /, "> 


XifyCO-X(\OjK 

X2-I HjO-i-COoH-MiR -^COa J XIO'K. 



OF HETEEOCYCLIC COMPOTT^JDS. PAET T. 


1187 


Keaction A may become reversible under certain conditions, but 
the irreversibility of reaction B is determined by tlio eb'minaiion of 
parboil dioxide and nitrogen as gases. When R is a methyl group, 
reaction A is the principal one, the formation of mcthylamine by 
reaction B taking place only to a very slight extent. The same 
holds true when R is a secondaiy group, snch as dhyi. Tertiary 
croups do not appear to have been closely investigated in this 
connexion, but it is to be expected that read ion B would become 
easily appreciable iai snch cases; for in tlic liydantoic acid (XV) a 
quaternary grouping represents R, and in tliis case reaction B is 
tlio predominating reaction; the aminoracid (XVII) is obtained in 
(10 per cent- of the yield theoretically possible. At the same time, 
30 per cent, of the material can be isolated as a nitroso-componnd 
(.KXV, below) formed in accordance Avith reaction A, which, there- 
fore, is largely, but by no means com])lctcly, suppressed even in the 
presence of a quaternary residue. 

The liydantoic acid (XV) can easily be recovered from its nitroso- 
pompoimd (XXV) by hydrolysis, using hot mineral acids. ISitrous 
acid is eliminated (by reversal of reaction A) and quickly escapes 
from the hot solution, although it remains dissolved long enougli to 
enable a small amount to react with the other aniido-grouyj of the 
substituted carbamide, giving (by reaction B) the amino-acid 
(XVII), whicli is stable towards the reagent. 

Another decomposition of the nitruso-compound is that which 
takes place in the presence of alkalis. The general character of the 
decomposition of nitrosoalkylcarbamide.s may be expressed as 
follows : 


NPv(NO)-CO-XHo R-XH-XO 

' ' “ (readJOii C) (reaction/') 


R*x:x-0H . 




R*OH. -j- Xo 


r,<A lK = r;oHJ 


The first stage involves the lu’drolysis of the carlioxylamido-group 
(reaction C), and the second a tautomeric change (reaction D] into 
a “diazotate” form, which may either lose nitrogen and give an 
alcohol (reaction E), or lose water and form a diazoparailiii (reaction 
Hantzsch and Lehmann liavc isolated potassium nietbykU- 
azotate (CH.yN;X*OK), and have' shown that diazomelhane is tlio 
principal product of it.s decomposition IfitI-, 35, 902). in 

this case, therefore, reaction F predominates over reaction E. It 
is obvious, however, that reaction F cannot take place when K is 
cpiaternary, since the formation of the cbazomethanc ring is not 
possible. In -ich a case, therefore, one might expect to isolate an 
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alcohol as iho ultimate reaction product. In the ease under f]j 
eussion, the inai]i product is i-hydi'uxyc7/c/o2)ropane-l-earboxv!i5 
acid (XXVI), the faniiatioa of which i,s to be attributed to'tlig 
succession of tlic three reactions C', D, and E : 


Ch/ ''CiXH CHj C'0,H 

(XXV.) (riistntde.^ 


ciir' 

(rnstublo.) 


xoai 

(XXVI.) “ 


Altliough it is the main ])ro(luct, the hydroxy-acid is not the sole 
product, as a small amount of nitrous acid is eliminated (ndrograde 
reaction .1) with the formation of tiie original hydantoie acid (XVi 
n'hicli is stable to alkali of the concentration employed. 

The cycle of tran.sformat ions, M'hieh is summarised for couvenicnco 
in the following diagram, was completed by couverliiig tlie amino- 
acid (XVri) into the liydroxy-.acid (XX\'l) by means il nition;; 


acid : 


^P^XH-ro ^ ... p /X;X()vro xH. -v ^p^xn-xo 
^C(U[ iKuio^^'^Copi 

• ^ ^ciyi 

t| 

(uci)| (cou) ^ yTt y 

(~x.J 

i /rVl-' cX'' ' 

1 

/XH-CO-XH ^ ^ .^XihCOJt - -V ^p^XJl, — ^ 

(uxo.) ^COhL “ ( -COO-^'- ^<-()JUuxo,)-^^Xii.,[i 


Wc are not yet in a ])osili()n to make a delinitc statement witli 
regard to the action of bromine and alkali on tlie amiiin-aniiiie 
(XTX), which was easily obtaim'd by esteiifying tlie amino-add 
(XVll) and <ligesting the amino-est(M' with aijin'oiis ammonia. 
The attack of the bromine a]>pears to begin on the amino- rather 
than on the aMiido-grou]), and tlie I’f'aelion is conse^jiamtly a dtt])- 
seated one, in any case, there seems little hope that ry/c/opiajpanfmc 
will be obtained by this means, as \\v have searcJied in vain forthk 
suhstanc(‘ among.st the products of decompositions carried out 
under a great \'aTiety of conditions. 

E.xperinicnts on the liydroxy-acid (XXM) met with rather l.ietlrr 
.socecss. When it is warmed ^\ilh concentrated sul^ihuric add, 
large volumes of eai'hoii monfexidt' ar(‘ evoba-d and pro]miiiie add 
is formed iii the solution. n/(7t>Pro]KinoiH‘ is evidently an inter- 
mediate jU'odiK't in this decomposition : 


Clh 

i ■ 

CH, 


>V{o\[ya)M 


CIU Clhj 

CM.'^ OHjj'COJi 
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for it can bo isolated in small yield if the mixture is poured into 
boiliiig water at an early stage of the r cacti on. 


E \ r li p. I j: X T A L . 

^Xy-PirparalioR of cychPropane- and cycl()yia/r//fr.spiro//y^/«j)^r;//j. 

As stated ill the introduction, these spO-ohydanloins are capable 
of being produced in almost cjuanlilative yield from (lie dianiides 
of cyc/oprupane- and q/cfobiitaiie-l : 1-diearboxylie acid, l^otli 
these dianiides have recently heen descrilied by Dox and ^’oder 
(/or. cit.), but as it Avas essential lor tlu' preseni inveslitration to 
discover the conditions for ohtaiuing tlie greaU‘st yield.-, a short 
description of tlie proeess wliieli lias been eA oived may be UM'fuh 
Ethyl r//e/opropaiie-l : l-diearboxylati' was iireparerl by eondens- 
iii:! otliylonc dibromide AAith ctliyl sodi<inia]oiiat(‘ n.s <leserii;ed by 
Perkin (T,, 188 j, 47, 81(J), It reacts Avilli amnionia in tAvo distinct 
stages, yielding iirst an ester-amide and then a diamide. 

Etiiyl eyc/obutaiic-1 : l-diearboxylat(‘ was prepared from ^y-di- 
bromopropane (tnmetliyleiie diljromide) and ethyl sodiemalonate. 
The exjierimental details AA'cre tlinse described (T., ISH7, 51, 2) by 
Perkin. The Iavo stag(*s of the interaction Avith ammonia wei’c le.-s 
definitely marked than in tlu‘ preceding instance, and the ester- 
amide could not l>e isolated. 

Ethijl cyc\oPi'opane-^ -rarboxi/Ianiidi A-ca/'hoxyhif. 

CH, ^"'T'O.Et 

— Dox and Yorler did not obserye tlie formation of this eompoimd 
])y the action of ammonia on elliyl eyr/opropanedicaiTioxylate. 

Tlie ester (5 grams) was shaken AA'ith eoneentrated ac[ueoi(s 
ammonia (lo grams; d 0'8>a>) at nmiii temperature. Aftm’ tliree 
or four hours, crystals of the ester-amide began to si'parale, nlthoiigli 
the diethyl ester jiassed into the solulicui only af'i'i' a period of from 
tweh'e. to eighteen hours. The best yields cif the ester-amide 
(3d— 10 per cent.) AAcre obtained Im filtering after six or eight liours 
from the start, that is, before tiie wliole of tlie oi’iginal ester iiad 
jtassed into solution. The ]n’oduet sigmrated from acetone as 
colourless leallels Avhieli melted at IJfe (Found : 1’ - dd-d: U — 7T. 
requires C -- Ypd : H 7T ])er et'ut,). 
cycIoPropr///e-l : l-dirayboxyl'tinidr (IX). — Tliis substanet' Avas 
prepared and characterised before the apjaurauee of IDox and 
Voder's papers. The folloAving melhoil for it^ jmejiaratinn was 
evolved as the result (.if a large nuinlmr of eomimratiye experiments. 

Kthyl cye/opropanc-1 : l-dicarboxy]ate (7d grams) was mixed 
with concentrated aqueous ammonia (377) grams; d 0'8SO) and 
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shaken occasionally during three days. As before, the ester-anji^^ 
commenced to separate in large plates after about four liours. Xh,. 
diethyl ester passed into solution after from twelve to tweiity-foui 
hours, and, a short time later, the diamide began to crystalline in 
small needles, whilst at the same time the large crystals of the ester, 
amide gradually redissolved. The diamide, which was collected on 
the fourth day, was almost pure. The yield was 72 per cent, of the 
theoretical ; six-sevenths of it was obtained by direct liltration, 
whilst tlic remainder was recovered from the filtrate by evaporating 
to drviicss at room temperature and crystallising the residue from 
alcohol. 

The diamidc can be prepared more quickly, although the yield 
is smaller (o5 per cent, of the theoretical), by heating th(‘ e.stenvith 
h\'e times its wciglit of concentratcul aqueous ammonia at 50- for 
four liours. 

The diamide separates from ethyl alcoliol in long, well-foriued 
needles which imdt at 192— 194^ It is easily soluble in hot water 
and in hot alcohol, but less soluble in acetone and almost iusoluMe 
ill benzene, cliloroform, or ether (bound, b- 40 5, H- lio; 

X - 22*3. Calc., C - 4G-9 ; H 0'3 ; N = 21-9 per cent.). 

cvclofb-op«??e-l : \-dkarho.r\jlhwmoami(}e (XI).— A solution of 10 
grains of potassium hydroxide in 90 c.c. of water was gradually 
added with simking to a mixture of U) grams of the ahnve diauiide 
with 25 grams of bromine. The reaction mixture quickly .‘^et to a 
paste of'^small, pale yellou’ crystals, which were washed with cold 
water. The yield was 90 per cent, of the theoretical 
This compound is almost insoluble in cold water. Rohitiom of 
it in ethyl alcoliol and ethyl acetate are unstable and quickly 
decompose forming the original diamide. The sample wliich was 
analysed ^^'as obtained by crystallising as t|uiekly as jiossiblc from 
glacial acetic acid. It decomposed witiiout melting at about 163' 
(Found : N = 0-8 ; Br = 55-0. requires X 9-S; 

Br — 55 '9 per cent.). 

5.cveloP/-o;wH*piro/qy(/aWo5i (V).- Twenty grams of n/rlo- 
nropanedicarboxylbromoamide uerc added to a cold solution of 
Idiun, ractlioxido prepared dy di.eolviny (i-o grams of sodium .« 
70 grains of absolute methyl alcohol. During the addition ot to 
btomoainide the reaction nii.xtiifc mas kept cool, hut wlieii tlic 
whole had been added the temperature wa.s allowed to rise It rN 
slowlv at first and then very rapidly, and tlie mctliy) aleohol hei« 
violently for a fen- .seeonds wliile sodium bromide was precipilutw- 
After heating for live minute, s on the water-bath, the solution 
neutralised with glacial acetic acid and then evaporated to yyiwm 
The residue on extraction with acetone gave an extract ^ 
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deposited the hydantoiii on conccMitration. The yield was 8 grams, 
or 90 per cent, of the theoretical. 

The hydantoin is easily soluble in warm water, froni which it 
separates in small needles. It is very soluble iu methyl or ethyl 
alcohol, but less so in ethyl acetate or acetone. It is a weak acid, 
living a silver salt, and a sodium salt stable in tln^ presence of small 
excess of sodium hydroxide. Concentrated ar| neons solutions are 
oajiablc of decolorising faintly basitlod phenol phthalein, but dilute 
solutions have not this property. The. melting point is 214^ 
(Found : C — 47*4; II — o-l ; \ — - 22 0. tCHgOoTsb requires 
0 — 474); H — 4-8; X ~ 22-2 per cenb), 
iMromo-dcrivaliir. of r)n:yolo/bbpav2fspiro%drr»/obn — The 
hydantoin (1 gram), bromine (3 grams), and a small fiiiat^llly of 
iodine were heated together for three hours in a .st'aled lube at 
120— 13dC The solid product was washed with chloroform and 
crystallised from ethyl acetate, from which it so[)arated in colourless 
needles. The yield was 2-1 grams, or 03 per cent, of the theoretical. 
On heating, the substance decompose.^, witliout melting, at 224— 
22.r’ (Found: X — 10-0; Br — .■)7 0. (.'-H^O.XbBr^ requires 
X =: 9-9; Br ^ bO-3 per cent.). 

cydoBuiane-l ; \-dicarboxijlainide (\).— This substance was pre- 
pared like the eyefopropane analogue excepting that it was necessary 
to leave the reaction mixture for one week before filtering, and that 
a temperature slightly above atjnospheric temperature was desirable. 
The amide, obtained in 60 per cent, yield, although almost pure, 
was oiystallised for analysis from ethyl alcohol, from which it 
separated in siiiLill Jieedles melting at 27.") — 277' (Found : C — bO-o; 
H 7’2. C'QHjyO.iX^ requires (■ — o0-7 ; H -- 7-0 per cent.). 

cvcIobbd<7?)c-l : l-dicarbo.rylbroiiioatinfJr (XII), — 9’his compciund 
was prepared, like it.s cyr/opropane aiialogne, fi'oin 17 gram.s of the 
above amide, 42*6 grams of bromine, and l-o grams of potassium 
hydroxide dissolved in 13.“> (\c. of water. It forms small, pale 
yellow needles, which (leoouiposo without melting at IGO^ (Found : 
Br = b34>. C(;H j.O.,X3r^ i'e(iuir(’s Br = 53-3 per cent.), and is in 
other respects very similar to its lower ring-homologue, 
o-cychButan^i^inroJiijdantoit! (\'i).— This substance was prepared, 
like the cyc/opropancsyirohyclantoin, from 28 grams of the above 
bromoainide, 8'G grams of sodium, and 90 grams of methyl alcohol. 
If, after being neutralised with acetic acid, the solution is diluted 
with To times its bulk of water, must of the hydantoin crystallises 
and may be collecte<b l)ut, as a small amount remains in solution, it 
is better to evaporate v itiiout adding water. A 00 per cent, yield 
of the hydantoin can be obtained from the residue by extraction 
with acetone. 
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eyc,]oB?ttanfi>j)ivohy(Ianfoin crystallises from ^\atcr in Wcji-Pui.nip(j 
needles, which melt at 225°. Its properties arc generally .simiiaj 
to those of the lower homologno (Ji’ound ; C — ol-o; 

CgHg0.2N^ requires C 51*4 ; H 5*7 per cent.). 

(B ) — Preparation of the o-Aiki/I- and 5 : o-Dialkijl-hydaidoi),.^ 

o-l^lcthylhydantoin was pre])ared for the investigation dcscijinq 
in section 0 by the process described by Heintz {Annalm^ IS73 
169 , 125) and by rreoh [Ber., 187,2, 6 , 1113) excepting that aldt'hvdp 
itself was used in place of aldcliyde-ainnionia. KQuivak-ut 
quant itie.s of acctahhdiyde, sodium cyanide, and potassium evauate 
wore allowed to react in a cold arjiieous solution containing an 
of sulphuric acid. After twenty-four hours the liquid was neu1rali?e(l 
and evaporated and the residue worked up for the liydantoin. 

5 : o-Biniethylhydantoin was ju'e]jared from acetone, cyajiie aeifl. 
and hydrocyanic acid in the Jiiaiiner described I)y Irech {Ani}(tk}i 
1872, 164, 2G4). The process is a v(a'y convenient one and .scaredv 
require.s iniprnvenient, but in order to show that the inelliod 
re.sorted to in order to obtain tlie ,?p<‘rohydantoins is of general 
application, we prepared both 5 ; 5-dimethyIliydantoiii and 5:y 
dicthylhydantoin by a similar proces.s. The starting .suI)sta]K'c.s 
were dimethylmalomimide and diethylmalonamide (Fi.du r hikI 
Bilthey, Ba', 1902, 35, S44). 

Dinulhyhnalo)d)ronioamide (XI 11).- -A inixtinv of tlie auiiijM 
(5 grams) with hroinine (12 grams) wa.s treated with 40 c.c. (d' a 
3A'-solution of sodium hvdr()xid(\ 'Idu' (uystals which .'^cjiaratcd 
were collected, washed with water, and dried at 100'' (Kninul: 
Br ~ 55’C. requires Br — 5.'>'0 ])er cent.). 

Tins substance forms small, pale yellow ncedic.s wliicli deconijKKO 
without melting at ahont 157', the exact temperature depeniliiig 
on the rate of heating. It is rather more soluble than its cyclic 
analogues, which in (jtber respects it closely res(“nd)les. 

5 : a-Dinulkyihijdanloin (lll).--This suhstaiiee was jin'jjared fruiii 
the above bromoamide and sodium iiietho.viiie exactly a.s tlir 
ryr/opropane.vp/roliydanloin was fuvpaix'd from tlie f7/e/oj>rn|);uic 
bromoajnidc (XI). It was obtainetl in a ^■ery pun' form (iti. [i. 
175 — 170'j by suldiinatinn through ii!lcr-])apei‘ (Found : (' -Bin; 
If — 0'4. Calc., (' -- 4(i'0 : K ■ (i“3 pei' cent,). 

L>i(lh>jUnahnhro>noaniid( (XlVj. — A mixture of diclliyliualoj)- 
amide (4 grams) and lironiijie (S gnims) was trealtal with 27 <'.c, il 
SA^aqueous sodium iiydroxid('. The crystalline [u'oduet dcctim- 
posed witliuut melting at about 100 , and in general properties 
closely resemblerl tlu' dimethyl analogue (Found; Br — 5(i'S. 
•'ctpiires Br - 50'(i per cent,). 
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, 5 ; :j.Dkihjlhydantohi ( IV).— This substance was obtained from the 
d) 0 vc bromoamide })y treatment with sodium mcthoxide as described 
fur the preparation of ihe other hydantoin.s. The product was 
identified by analysis (Found; H -= 7-0. Calc., 

H ^ 7*7 per cent.) and Ijy its melting point (lG.r), 
vhic'h nas that recorded by Errera {Gazxdla, ISOO, 26, i, 210). 

j('j_ The Ecleffive SlabiUiy of the H)fdan(ohis : Mea.^tnrmeRt of ihe 
Vtlociiies with which then undergo Fission in the Frescnce of 
Alhalis giving Hijdantoic Acids. 

In general, liydantoic acids ar’C corn parati rely slrong acids; 
they liberate carbon dioxide from sodium earboimte and can be 
titrated U'ith accuracy. Hydantoin, however, and tlie alkyl- and 
..^(/mdtydantoins described above, arc all weak acids, and, altlioiigh 
thev do not liberate carbon dioxide fi'om a carbonate, they afft'ct 
liimus and decoloiise phenolplilhalein Lvddened by a smrdl tj'ace of 
iilkali. It was necessary, therefore, to ascertain the conditions 
under which a liydaatoie acid can b(^ estiinat('d aec‘ural(>jy hy 
titration in the preseru'c of a liydantoin. So far as eoiild he judged 
hvthe tiiit.s given witli British Drug Houses' univen^nl indicator,'' 
all the hydaidoins had dissociation constants of tlie order of 
A A' 10-solu(ion should therefore coiitain lt)“” gi-ams of hydrogen 
i!)i}s per litre, and should be almost neutral, since this figure approxi- 
mates to the concentration found in pure water, in A'/iO- to 
S 1()0' solutions, therefore, it should be ])o.ssi Ihe to tit rate a liydantoic 
acid in the pre.sciiee of a hydantoin, provided that the indicator 
turned at a hydrogeii-ion eomamtratioii of 10"' or less. Tliis was 
found to be the case. 

A preliminar}* search for .suitalile eonditiems showed that at the 
temperature of the water-bath a modorato excess of A' 2-alkaIi 
gave measurable velocities, P]dJoiig(Hi h'oiling ^^itll alkalis of this 
eoneenli’ation was found to give rise to further decomposition 
according to the scheme : 

H.,P(C().Tl)n\H-C()-XH„ [-> Il„(’((’0.,H)*Xir-(:XUll -> 

n/'iCtbHj-XH, cu, 

the intf'rmediatc {woduet being liiglily unstabhs Tiii.s would, of 
(oui'se, vitiate jvsults dc[)eudiiig on the colour cliang(‘ of aji iiidieatur 
(if the degree of sensitivity !'e(juired, but it was found that by using 
barium hydroxide as the alkali tlie eommencement of the secondary 
decom])osition could at once lie oh, served by the ])vecipitation of 
barium earboiiate: whenever a turldtiity appeared, the experiment 
wa.s stopped and the aecumulatioji of worthless readings avoided. 

Tlie original solutions were made up by dissolving 1 centigram- 
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molecule of each hydantoin in 20 c.c. of water and adding 80 c 
0*5A^‘aqueous barium hydroxide. In another set of expeiinx^r^ 
the 80 c.c. of barium hydroxide wore replaced by 45 c.c. of ^ 
alkali and 10 c.c. of water, so that the excess of alkali wa.? onlvo'^^^ 
third of that used in the former set. Samples of 10 c.c. 
were allowed to flow out through a capillary tube (or forced omp. 
oxj’gcn from a cylinder if the pressure in the fla.sk was not greater 
than atmospliorie pressure) on to a piece of jmre ice nii.xcfl vtij 
15 c.c. of standard liydrochloric acid, 0’2A", or O' 1 N as the ca,se nii4t 
be, and accurately balanced against the alkali, and llicn titraxi] 
with O’OoA'-hydrochlorio acid, iisijig phenolphtlialeiji. Tlio 
in C.C., wlien multiplied by 5, gave the quantity of hydantoin in 
units percent, of the amount present originally {100, // 
then calculated by formula (i) on p. 1184, The followijig fi-rnr^., 
refer to a sot of experiments in uducli the initial concentration of 
alkali was four time.s that theoretically necessary. 


Hydantoin. Hcihjlhudnntoin. 


t 

Tilratioii 



t 

Titration 



(miu.«.). 

(c.c.). 

lOO.r.’.t'fl. 

//. 

(jnins.). 

(C.c.). 

I00.rr„. 


2-0 

IT'O 

82-0 

11-0 


17-0 

80-(i 

i-iii 

1 

&{) 

IM) 

.■)(i'0 

1 1'2 

10 

Pi’O 

80-0 

1(10 

8-7 

40-0 

lO'O 

20 

13-3 

(i(i-.3 

2;{:) 

l.rO 

(>•0 

2,T0 

11'4 

30 

ll-() 

.3.3 •() 

2ol 

LUJ-O 

4-2 

pro 

11 a; 

50 

8-4 

42-() 

2nti 

:u)'0 

2'1 

8'0 

1 Pd 

TO 

.3-(> 

2s-n 




iMciUi 1T2 

0(1 

3-8 

ion 

2';j] 









Dimclhylh yda n to in . 



Di('tItyIhy(l(nitoi)i. 


t 

Tit rat ion 



t 

Titration 



(mins,). 

(C.C.). 

lOO.r/.ry, 

k‘. 

{min';.). 

(r.c.). 

10(P; .r;. 

r. 

10 

19'0 

0.3 (1 

O'OdO 

30 

PI -2 

05 -S 

(i-i.i: 

30 

17-2 

8(1 '0 

0-:>.37 

(ill 

18-4 

02-0 

(I'l.): 

tiO 

1 TS 

Tl'O 

u-r)ij3 

12(1 

17-3 

8(1' 3 

D’P'j 

120 

11-ii 

;3.3'U 

0'.377 

ISO 

Pi-ll 

son 

vih 

180 

8-7 

4;y.i 

0-.347 

24(1 

14-7 

73-.) 

iciu 

240 

7'0 

3.')-0 

()’,32() 

300 

12-7 

(i4n 

('•IP 

300 

1'3 

21 '.3 

0-,32!) 



Moan U‘1P 



O', >.31 





i'.yc\oP)vp<iHi:^)\whydahfolii. 

f yclo /Pfi'e j ! esp i ro// 


t 

Titration 



t 

Til rat ion 




(c.c,). 

lOD.r ,/y. 

Id. 

(mins.). 

(c.c.). 

luio- 


2-0 

l.)-l 

7. 3 '.3 

).3’S 

.3 

17-0 

SOai 


(jO 

lO'f) 

,3U(I 

i;;-.) 

10 

!.3'7 

3S'.3 


lieo 

0-0 

34'.3 

i;;-3 

20 

12'7 

(13 -.3 

i'lM 

. Pro 

;;■!> 

10 ',3 

13‘0 

30 

Pi-O 

.30 '0 


20'O 

2'(1 

13’0 

13-0 

50 

7-0 

35 0 

■I'lu 



Moatr 

13’S 

70 

P4 

22‘0 






00 

2-8 

140 



The further reduction of the, sc results is summarised on pp. Ikl 
and US5, 
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m\^Derivalives of cychProjyane-l-carboxylic Acid. A mode of 
Fomation of cycloPropanone. 

The starting point of tins series of preparations was tlic cyclo^ 
nropane.9piVoliy<lantom deseribed in section A. 

iCarbami docjdopropime^ 1 -carboxylic A c id ( X V ) .—The hydantoin 
(V) (19 grams) was heated with a solution of .sodium hydroxide 
(9 grams) in water (150 c.c.) for one hour, after which the solution 
was cooled, acidified witli 50 grams of ccineent rated hydrochloric 
acid, and allowed to evaporate at room temperature. The separ- 
ation of the imoduct from sodium chloride is best effected by use of 
alisoliitc ethyl alcohol, from Avhicli pri.sms, melting and deeompo.sing 
at -00^, are obtained on evaporation [Found : 0 — 42A; H 5d); 

X = lO'S ; M (by titration) ^ US’D. ChHg 03 XA requires C' = 41 -7 ; 

H 5-9 ; N = 19‘5 per cent. ; M -= 144]. 

The substance is very soluble in water, and fairly easily soluble in 
alcohol. One litre of boiling acetone dissolves aliout O’o gram. On 
evaporation Avith Iiydrochloric acid, the original hydantoin is 
regenerated. 

1 -Nitrosoca rbamidocyc} opropa np.A-r,a rhoxyl ic .4 cid ( X XV). — This 
suhstance is formed in 30 per cent, of the theoretical amount when 
nitrous acid acts on the above carbamido-acid, A 00 per cent, 
yield of the amino- acid described below is simultaneously produced, 
it is not necessary, hoAVCver, to isolate the carbamido-acid in the 
pure condition in order to prepare these substances. 

The s(/lution obtained by boiling 10 grams of the hydantoin for 
one hour Avith 9 grams of .sodium hydroxide dissolved in 150 c.e. of 
water uas acidified AA’ith Go grams of concentrated hydrochloric acid 
[d M7), cooled AA’ith ice, aiul then treated, Avilh constant stirring, 
Avith a solution of 5'5 grams of sodium nitrite in a few c.e. of AAxater. 
The brisk cAmhition of nitrogen and carbon dioxide was folloAved 
by the ap])caranee of minut e yelloAV crystals of the introso-compound. 
After keeping for lialf an hour at Oq the su.spension was filtered and 
the nitroso-compouiid Avashed Avith cold A\’ater, and purified by 
crystallisation from alcohol or a redone. The yield was 29 per cent, 
of tlie theoretical, calculated on the hydantoin employed. 

This snbstaneo forms small, yelknv granules Avlneh decompose 
cxplo-sivcly at 100°. It is sparingly solul.>le in water, Avhich hydro- 
lyses it, especially readily iti the i)resenee of mineral acids, to-tlic 
original carba mid o -acid and nitrous acid, a reversal of the reaction 
by which it is formed. On hydrolysis by alkalis it yields 1-hydroxy- 
0]/dopropane-l-carl)oxylic acid with elimination of carbon dioxide, 
ammonia, and nitrogen (Found : C — 31 ' 8 ; H — 4'3; N — 24'0. 
C 5 II-O 1 N 3 tx'quires C ~ 34'7 ; H = 4T ; N = 24*3 per cent.). 
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\‘Amino(iyc\(^pro])ane.-\-caYbox}jlk Acid (XVII). — Tliis 
is contained in the filtrate from the above nitroso-compounrl 
filtrate Avas evaporated to dryness and the residue washed Avitlj 
little acetone to remove the small amount of carbamido-ucid 
from the action of mineral acids on the nitroso-compound \v]]jf.]i 
remained in the solution. Tlio solid insoluble in cold aoetemo 
extract ed with cold ethyl alcohol, and the residue left 
solvent, with a lar^f^ bulk of boiling acetone. On eva])o?’atiutr 
acetone a ro.<iidu(' of the ahnost ])ure Ifi/drockloride of l-aniirior?^./v 
propanc-l -carboxylic acid was obtained. It Avas piuifu'd tv 
crystallisation from a mixture of ethyl alcohol and acetone, hoii 
which it separated in ciii^t('rs of ])risms melting and dec(anpijsi,v. 
at (Found : (,■ — : H — ddi ; X" — lOaS; (;] o.Vi; 

C^ILO^X’jIK'I recpiiros 0 — lU'T ; H ~ ,rS ; X — 10‘2: 
per cent.). The yield vas (id per cent. 

l-Am(nocyc‘h]))'oj)rffir- 1 -varbo.yylale (\\T fl).— A soluibi) 
of 10 grams of the above bydroeliloiide (e!'ud{', that Is, eMracu.l 
by alcohol but not puriHcd AA itli acetone) in 100 grams (if eiiivi 
aleolml prcA'iou.'^ly saturated with iiydrogm chloride was lidile] 
under refiiix for fiv(^ iiours, a streani of hydrogen eiiloriJe beiji-' 
pas.scd continuously. The sol cent v as then evaporated and ilic 
residue taken u]) in acetone to eliminate the trace of sodium clilnridr. 
The residue froju the acetone gradually became erystalliae, and Mas 
purilied by avasliing Avith a mixture of ac(‘tone and ether. 

This substance is the hi/drochlvridr of etiiyl \-iu\un()C)/do])V()im.(-. 
1 -carboxylic aedd. It forms eolouriess mystals melting at lUe, 
It is very soluble in watc'r, aleolml, or aerdone. and is very hyiinj- 
scopic and dilticult to crystallise (Found : X S'o. (-'(ddjjtbXHr! 
rcquiics X ~ 8‘o per cent.)- 'khe yield Avns almost theoretical. 

[-AminocyclopwpniirA-cdrbo.rylajiiidf (XL\).- -The abovf' Iiydro- 
chloride (24 grams) aaas dis.solved in 70 grams of aqueous auijnrtiiia 
Avliich had been snturatc'd at ‘-20k The tube aa'us then scaled and 
ke])t at 0' for t’uo days, after which its contr'uts w(‘re nji.xed with 
an equal bulk of a.lcohol and then evaporated to drynessin a vaeuiaii, 
The residue was extracted with chloroform and the extract, after 
drying with polassiuni carbonate, was eoneentrated. On coeiiiii', 
transparent Jieedles or plates inelliug at 1:12 12.T crystallised, tl:!; 

yield of the pure jraiterial ladng 7 grams, or 00 p('r cent, of ik' 
thecsrctieal. 

The eotnpound is very solul)je in water, etliyl aleoliol, or atadoio, 
although le.s.s so in chloroform, ether, or benzene (Fomid : X - 2-S'l. 
OJII4OX2 requires X -- 2>70 ]x‘r cent.), 

The hijdrochioiuk Ava.s ])!’('cipitat<’d when dry hydrogeti cliluiib 
was passed into a soluLi(Ui of tlie base in chloj-oform, Oil crystalli" 
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^ion froJR aleoliol, it forined Hiiiall prisms which nicitci.1 and decoiu- 
^,osctl at 218" (Found : N 204. Ujhr,iOX,,H( 'I miu\iv6 X ^ 20‘o 
cent.)* 

‘ lJ{ydrox'y(iyc\opropane-hcarboxylic Add (XX\1).- -This sub- 
aance may be obtained by the action of alkalis on the nltrosocarb- 
aiiiitlc or by the action of nitrous acid on the ainino-acid. 

(i] Xiti’o.socarbainido(?yc/opro])ane*I-earhoxylic acid (6 yfpams) 
was eraduaiiy added to an ice-cold solution of d‘l grams of sodium 
livdroxide in 40 c.e. of water. The solid sii})stance disa])peared 
iniinediately with a brisk evolution of nitrogen, On acidification 
with la grams of concentrated liydrocfiloric acid (r/ ITT), carbon 
dioxide was evolved, and on evaporating to dryucs,s a residue was 
nhlnincd from wliich the liydro.\y-acid could be extracted with 
ether. The residue from the ether quickly cry.stallised, and on 
recrvstallisatiou from Ijenzenc^ gave tran.sparcjit plates or needles 
which melted at 109—110". The yield was I’S grams, or 50 per 
edit, of the theorotieal. 

A small quantity of the oidginal -v/jb-aiiydaiitr)in, evidently pro- 
duced during the evaj)oratioii from rege]ierated carbamido-aeid, 
wa.s also isolated. 

(ii) The Igydrochlorido of l-aniinocyr?cpi’opane-l -earboxvdie acid 
was treated ^^■ith exactly one equivalent ui sodium nitrite. When 
nitrof''cn ceased to Ih' evolved, the solid I'm was extracted with 
ether, which on evaporation yielded tiu' hydroxy-aeid {Found; 
C-47T; 11 ^ 5-9. 041-1^03 requires C^47T: H ^ odl per 
cent.). 

cyduPropanonc (XX1\^).— TIk' al)0\e hydroxy-acid (1 gi'am) was 
dissolved in 11 c.e. of coiiecut rated .mlphuric acid and warmed until 
tli(‘ evoliitimi of carbon Tuonoxiile began to be vigorous. The 
mixture was then jioui'etl into a .''Uiall amount of warm water 
contained in an apparatu.s for steam distillation, the conditions 
being such that the heat liberated caused a distillate to appear as 
soon as a .small amount of steam, or. better, compressed air, "wa.s 
jiassed in. The distillate consisted of a dihiti' aqueou.s solution of 
ryr/opi'opauonc, which was isolated as its semieaiTazoiie. identified 
hy analysis (Found: (‘--42'5; 11 - (v4. (.'ale., (l = 42‘5; 

H = (t2 pi'r ei nt.) and by eoiiqiarisun with the speeiimm previously 
prepared from gliitarii* acid (fngold, lor, dL). 

Propionic Add. — T'iie sulpluuie acid nuitlior-liijuors containing 
the k-ss volatile products (from si veral of the above exjieriments) 
veere extracted with ether, and the extract was decolorised at lOU" 
\vith well-dried ehureoal, On evaporation a juingent liquhl re- 
mained. which was iniscibk^ witli water in all proportions. This 
consisted principally of propionic acid, which was klentitied by 
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conversion into its anilirlCj ni. p, 106® (Found : C = 72‘4 ; H - - - 
N ^ O-l. Calc., C 72-4 ; H 7-4 ; N = 0-4 per cenO, ' 

Part of the cost of this investigation lias been defrayed by 
grant from the Clicmical Society. 

Imperial Couaxm of tSciEXCK axd Tecuxologv. 

South Kensikcton. [ RcceimJ , April ] s<f j >)•).) i 


CXLI \\ — BenzopyryUum Salts of Distyryl K(dont<( 
Part 1, 


By Johannes Syekandt Buck and IsinoR ^[orris Heilbrov 

It has previously been shown (this vol, p. 1095) that it isapjiarrntlv 
impossible to isolate directly uiisynirnetrical polyhjalroNvdiJvrvl 
ketones by condensation of o-hydroxystyryl methyl ketone with 
tlie corresponding hydroxy-aldehyde in alkaline solution, it wa< 
therefore decided to prepare and examine, in the finst place, the 
corresponding 2-styi'ylbcjizopyrylium cliloride.s and then, if possible, 
transform these, through their bases, into the parent ketones, as 
represented liy the following series of reactions, in which 4'-hvdrosv- 
2-styrylbenzoj)yryliuni chloride i.s taken as an example. 


CH 


Cfl 


dV'^CH 

\/'\/C-CH:C'Hy y3H 

V Chloride, 

Cl 


/^c-cr:cv\( 

Colour base 




OH 


(H CH 

C"'C'yn /-\ _> 

I /\/C-(;h:c4i(^ /('H g/Mi c-ch:ch(_)oh 

(J OH Carhinol bosr, 0 Kttonr. 

Only two represent at ive.s of this ela.ss have ])reviously been 
de.'-;cribed — the ^'-hydroxy-^-styrylbenzopyryliuni ehluride^ 
(Dcck(‘]- and Felser, /hr., li)0S, 41, 2997 ; Fverest and Hall, •/. Soc. 
Dyers and Do!., 1919, 35, 275) and tlie II' : I'-inetliylenedioxy-h 


* The positions aie miiiiliered 
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V’lr 


0 

(':i 
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eliloridc of Borsclio and \Vund(‘r (Annahn, 
-il"!) 38). In addition to rc-cxaniiiiing these two compounds, 
\ve have now ju't’.pai'cd a .s{'ri('s of otlior liydroxy- and inethoxy- 
•L>ty['vibenzopyryIinin chloi'ides. yiucli difficulty ^vas encountered 
iiitinding suitable condition.s for the production of these salts, the 
usual methods employed for the preparation of pyrylium ehlorides 
yielding amorphous, insoluble products which (exhibited none of 
tlio characteristic properties of oxoniuni compounds. Ultimately, 
it was found that p-hydroxybcnzaldehydc and polyhydroxybenzaldo- 
hvdes in general could be readily condensed with odiydroxystyryl 
iiiVtliyl ketone at ordinary or slightly ,elovat('d temperatures in 
presence of dry hydrogen chloride, using pure anhydrous formic 
acid (Kahlbaum .s product) as solvent, The yield of 2 )yry]ium salt 
is excellent, arul the reaction leaves little to be desired. When tlie 
p-ltydroxyl group is absent, or the aldeliydc used contains only one 
hydroxyl group, this method is unsatisfactory, the product obtained 
being generally either aji unorystallisablo oil or glass-like solid. 
In such ca.scs, however, excellent yields can be obtaimal by dis- 
soh ing the 'corresponding unsym metrical distyryl ketone {Buck 
and Heilbron, loc. cit.) in anhydrous formic acid and saturating the 
solution with dry hydrogen chloride. In recrystallising tlie liydroxy- 
benzopyrylium chlorides (with the pa,ssihlo exception of the 
U-bydroxy-chloride) the use of anhydrous formic acid as solvent is 
imperative, and even here it is necessary to saturate the solutions 
with hydrogen chloride in order to pre\'eTit decomposition. With 
a few of tiie methoxy-conipoiuids, however, glacial acetic acid may 
be substituted for the former acid, but generally this is less satis- 
factory. 

The 2-styrylbenzopyrylium chlorides, with the exception of the 
meta-substituted styryl derivati\'cs, are all intensely coloured, 
yielding blood-red solutions in water, and red or violct-red .solutions 
in alcoliol. The m-liydroxy- and n/-metiioxy-chloridcs, however, 
fonii golden-yellow solutions, but otlierwise behave like typical 
pyrylium salts. The table on jjago 1211 show.s at a glance the 
characteristic colour reactions of the different members of this 
group. As a elas.s, these chlorides are extraordinarily unstable, 
and this property appears even more marked with the corre- 
sponding bases, which are now under investigation, but, up to the 
present, have not been isolati'd in a state of purity. 

Tbc styrylbcnzopyryiiuiii chlorides all crystallise out from 
solution firmly combined \s itli either formic acid, water, or hydrogen 
chloride, and it has not becji found possible to free them from these 
addenda. Even gentle lieating decomposes the chlorides, amorph- 
ous, irrsoluble iiroduets, with a carbon content much above that 
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of the salts tlieinselvos, being obtained. On heating in a mcidij, 
point tube, the ]iydrox 3 '-substituted chlorides gradual^ ^ihvinl- 
pass into tar, whereas, in general, the methoxy-coni pounds 
sharpljx 

A vciy notable feature of those bonzopyryliuin chlorides whirij 
contain a p-hydroxyl group is that their acjueous solutions, ^vhkt 
possess a deep red colour, pass, on high dilution with water, 
pure blue solutions. The pre.sence of a /nli^xlroxyl group is essential 
for this colour change, but it might be mentioned that the hydro 
chloride of 4'-dimethylamino-2-styrylbeiizoj)yrylium chloride, yhioji 
is at present under examination, also gives an intense blue solutioD 
on even moderate dilution, and that its ferric chloride double salt 
dissolve.s directly with a similar colour. An apparent exceptioa 
to this rule is mot with in 2' : 4'-dihydroxy'2-8tyryIbenzopvrylima 
chloride, which, on dilution of its aqueous solution, give.s only a 
faint ametliy’st colour. Here, undoubtedly, the tendoney to form 
the corresponding }iydroxydibenzo.s'pu‘oj)yran (I) evidently over- 
rides the (db'et of tlu^ p^-h vdroxyl group (compare Decker and 
loc. cit.}. 

/■^\/ 

\=/ \^-/ 

OH 

That the production of the blue colour on dilution is not due totlie 
presence of mineral matter in the water used, is sliowu hy tlieku't 
that conductivity’ water is quite as effective, but a somewhat 
higher dilution is required for its production than with tap-water, 

The compounds (.lescribed in this 2 )aper exhibit a very cliS'.' 
.‘iimilarity to flic antliocv’anidins isolated ly Willstatter, hut aiv. 
}uo\ever, ap])arently much le.ss stable, AVlu're it occurs, tlic eliang'; 
of colour from red to bJut' takes ])Iace u'ith grrmt ease, and in (he 
absence of au\’ base, w liereas the antliocyvanidins retpiire the pre.s'jKY 
of a liase to bring about similar colour changis. This ])henoiiU']ii'!i 
has suggested to us iiuportant conclusions eiiiHau’ning tlii‘ stnieture 
of the blue anthocyaiiidin pigments and of the bases of jiyiyliitiu 
.salts in general. If the structures of pilargonidiii chloride (II) and 
4'-liydfoxy-2-styryliicuzo])yryIiiun chloride (ill) Ix' compaml.’ 
it will be seen that the ditfercnces are (u) substituted liydroxdi 
griaips ill the benzene ring, {h) tin' presence of the liydi’oxyl giuup 

* The autlioi's liuvc adoptc'd Dcckrr and Frisrr'.s simidiuv (/o', 

Jmvo o.qji'i'Sviitf(l tlie niiflKuyaiiidui.'^ on tlio .siuuo syslcjii. iVrkiH. UDkiiHJii. 
mid 'rumor O’.. liHJS, 93, lUS.-)}. mid Wilkautlor (.boa//rM, lUloJ aik.>['t W'; 
tiUcriiutivu o-qiiiiiouoid .-itriicUin*, but lor tlic pre-Soiil diseuss^iuii tlir I'-uiut** 
iiutnatciml* 
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/YV-OH _ 
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Cl 


(Ml.) 


OH 


jii ilio pyi'onc ring, and (c) tlio alisnico t)f the etliylcne group of the 
siyryl radicle, which latter is eonsidered Ijy tlu- authors to cxeri 
a colniirdntensifying and activating influence. Willstidtcr ascribes 
to the blue anthocyanidin pignumts the formiihc of alkali salts (V) 
of the violet “ neutral form or plioiiol betaitK' (!\']. 


OH (^H 

dY '^C-OH 

0 \/\.cc— <_yoH 
' 0 (IV.) 


(K.H, 

0 (H 




' (V.) 


;o( 


uw 


Xlie latter structures are obviously im]K)ssil)}(‘ with tlu^ styryl- 
lieiizopyryliuin chloride, as no base at all is involved, tlu' solution 
heiiig indeed faintly aeid, and the only tuo hydroxyl groups present 
are the p-hydroxyl group and the hydroxyl grouj> on the pyrone 
oxygeji atom prod\icecl by hydrolysis of llu> salt (tlie coneimtration 
of the blue solution is in tlie neiglibourlio(jd of Y/r>0,l)00). This 
leaves the throe alternative forniuke, X\, \dL and A'lll, as possible 
constitutions for the bine pigment. 


CH 


CH 


\ pu 

'■'’*1 X /C-CHICHy ^;0H 


■( H 

I / \ 

rU'CHICir- >0 


{) 

Oil 


(VI It.) 


CH 


"'CH 

/C:cH‘(.'h:/ ';:o 


Of these (\Mj is at once ruled out, as not ('xplaining tiie mui- 
formation of tlu' blue colour wheji a solution of the corresjwnclyig 
4'unetho.xy-2-styrylhenzopyry!iutu ehlbride is diluted. (VII) is 
possible^ but a])pears very unlikely from spatial considerations 
alone. In addition, llnue is no essential change in constitution 
such as would be expeetc'd for such a marlnal colour eliangc. The 
i^tructurc represemted by (\’II1) is considered by the authors as best 
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representing the constitution of the blue pigment, and would a 
equally well to the p-dimethylamino-compound (IX). 

CH CH 

0 0 OH 

(IX.) (X.) 

When an aqueous solution of 4'-hydroxy-2-styrylbenzop\Tvliui 

chloride (III) is gradually diluted, the clear red colour J)o^sists^lJ)li[ 
the concentration is less tlian X/20,000. At this dilution, (lie 
chloride must certainly be 'largely hydroh^sed to the correspojiflitij, 
colour base (VI). if, on the other hand, a solution of 4'-mclhoxv'! 
2>styrylbcnzopyrylium chloride be similarly diluted, the rod solntio,! 
loses its colour and becomes gradually opale.scent owing to fonnatinji 
of the carbiuol base (X). 

Obviously, a colour base analogous to (M) i.s an intermediate in 
this transformation, but no trace of a blue col^iur is observed. Ij 
acid now be added to the decolorised solution of this methovv-coni- 
])ound, the red colour will gradually be rcstort'd, the idienoiiu-nt.]! 
being a time reaction, It has been found, on the other liand, that 
the blue solution of the corresponding 4'’-hydro\y-2’Styrvlbenzo- 
pmdiiim chloride, when allowed to stand, also gradually become' 
colourless, hut in this ease the addition of acid fails to restore the 
colour. Thi.s phenomenon is under investigation, as wc have 
found iudication.s that tlie moleeiile is broken up in these circum- 
stance.s into its genitors, which view' is again in entire liariuony M-itli 
the fact that we wore unable to pre])arc distyryl ketones eontaiiiiiiL: 
both a p- and an o-bydroxyl groiq), Hcasoihng by analogy, and 
taking into consideration the above jihenomena, the authors con- 
clude that the true colour bases, like the salts tliemselves, arc mi. 
water-soluldc compounds. The colour liase.s of pyryliiuu salt' 
hitherto prcjtared are deseribcal as nnk browjt, or \iolet amorphdis 
insoluble substances. These have b(sui jwoduced usually In \k 
addition of a large exee.ss of sodium aretate to a solution of thesaJi, 
or under similar conditions -all of which w’o consider would tend 
to imoduce eitlier pcjlymethk's of tlie unstable colour l)ase<, urcllim 
formed by loss of water f)etweeri two or more molecules ()f iIksc, 
It is probable that many, if not all, of the (‘olour l)asos and aiiliydei- 
ba.ses deseril)ed in the literature aro [lolynuTide.s or others (coinparf 
Schneider and Meyer, Ikr., 1921, 54, ‘[/I], 1484), ntul thes.' views 
are home out In' the Ijoliaviour of the styrylbotizopyrylium cliloridos 
On treating a solution of 4'-]iy(h'ovy-2.styrylbenzo])yryliun.i chlcn’idt’ 
with excess of aqueou.s sodiuui acetate, a deep blue, amorplious 
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j,ccipltate is produced. This does not dissolve in water to give the 
blue solution, and analysis indicates that it is an ether of the colour 
base. When similarly treated, 4'-methoxy-2-st}Tylbenznp5T'ylium 
chloride gives a dirty violet precipitate, which consists of a small 
amount of deep bluish-violet, amorphous flocks, together with the 
colourless carbinol base. These phenomena arc taken as showing 
that the true colour base is incapable of existing in the solid state, 
but forms immediately cither an ether or a polymeride, or reverts to 
(he carbinol base. 

Considering no^v the anthocyanidins— tljco'ii is no valid reason 
^vhy the formation of the bine colours ^utIl holh tin.' anthocyanidins 
and the styry]bcnzop}TyIiiim chlorides .Should not be ascribed to 
the same cause, particularly since from the foregoing considerations 
the only h 5 ^droxyl group necessary for its pr'odnetion is the p-hydroxyl 
f^roiip of the 2-phenyl radicle. The blue aiitliocyanidin solutions 
uoiild then contain the t^uinonoid anhydro-ba.scs, that from pelar- 
goiiidin being represented as : 

OH CH 



:o 


It might be mentioned that, with the exception of 3' : 4'’-di- 
iivdroxy-2-st3Tylbenzo})yry]iiim chloride, wliicli gives a l)liii.sli- 
areen colour, ferric chloride gi\'es no definite reactions with, the 
benzopyrylium chlorides. Wills tilt ter uses the ferric chloride 
reaction as evidence of the position of hydroxyl groups in the antho- 
evanidins, but the reaction is of doubtful value when it is con- 
sidered that the iron chloride double salt of 4'-dimethylamino-2- 
sUTylbcnzopyrylium chloride dissolves in x^'ater witli an intense blue 
colour, and that in this compound no hydroxyl groups are present. 

If the suggestions of the authors are correct, then the careful 
neutralisation of the anthocA^midiri salts xvith sodium carijonate, 
giving a blue colour, slinuld be s|)ecifio for a pdiydroxyl group. 
This would involve the revision of the formula of malvidin, vhicli, 
accoi’ding to Willstiitler, is probabl}' 

OH CH McO CH 

/' 't' . 

\o.llc <>'■ — \ /O’lc 

V v" OH 

Cl Cl 


li^pcctrographs were taken of the blue and red solutions of 3' : 4 '- 
dihydi’oxy-2‘St\Tylbeiizop3'r}liuin chloride, and, for comparison, . 
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of the red solution of 3' ; 4'-dinicthoxy-2-styryIbonxonv,...i' 
cliloride. Tt was hoped tliat the bands M'ould give some 
of change of structure in the former, but unfortunately f}i(.y 
permit of drawing any conclusions : ' 

Head 

Tn A', '20,000 solution in AV-O-HCl (4 inin. lube), of band, 'tf;,,:, 

O' ; 40r)i}iydt'o\'y-2-stvryll)eiizopvt'yliurn cliloride r>24 

3' ; 40])iinetlioxy-2-s(yi’yIhi'nzopyryliuin cliloride 520 

The reseinblanct' between (lie absorption of these oompoum]^ 
tlie corresponding aiitlioc-yanins is most marked (Willddtter tm,) 
collaliorators, A)t)ialv:i, IDlo, 408, 00, 08). 

It remains to mention that we have not succeeded in nlitainj,,,, 
2-styry]beiizo|)yrylium chloride, 2''mothoxy-2'Styrylbcnz{)j)yrv]iu,j| 
chloride, or 2-fiiryli(l(aiemetliyIbenzopyryliuin chloridi' liv any df 
the foregoing reac'tions, amorphous, insoluble products lieiiy, 
obtained which exliibit no ]iyrylium reactions. The IiigJi carlictfi 
content (much above that required for tJie free cliiorides) 
these being com ])l(vxes formed from the chlorides by los-s of watn 
and hydrogen ehloride. 

hi X r i: II r m k x t a t.. 

Chloride. — This suh.-vlaiicc IicK 
been descrihed liy Drclou' and Tclsor and also by Kveivst ami ih]] 
(/or, ciL), hut in neltlier ease was the salt recrvstalliscd. and iv- 
have found that tlie cliJoi'ide prejiarcd according to tlu' aliovc. 
mentioned methods only yields an oily jirodiict on attcnijitHl 
recrystallisation from glacial acetic acid. A stahie crvstallino 
cliloride may, hovxn'cr, he jirepared liy emjilnying anliydriup 
formic acid in place nf acetic acid as soixent. Tight grams ni 
dicoumaro-ketoiie were dissolved in 2d c.c. of anhydrous hiniiir 
acid, and the hut solution w as saturated with dry hydrogenciiloritk'. 
On gradual addition of ether, tlie chloride .s{'j>ai’at(‘d in the form ofn 
bronzeddaek, crystalline mass (yield S grams), v.iiicli was (ihend 
oil', well waslierl with dry ether, and left for three days in an m;- 
siecator (Found ; (' (KM); Jl •- I’S. The eldoihle with 1 iiiok'- 

cule e>f water of crystallisation requires F tiV- l; M — 44). xiluavri', 
for a half-molecule of hydivgen eJilm’ide in pir.ec of water, analym 
v'ould show C --- G7-3; 11 ■ 4-d; ('I • 17’d })(a’ cent.), it is (!iin 

apjmrent that a oarhoii and liydrogen estimation ahuit' is imt 
suHicienl to indicalc the addi-nduin. and w(‘ iia’/e also found llrtt 
no nlianee wliatsoever can lie placed on los.sdii-widght aimlysh (Ui 
jieatiiig, for practically all tiic chlorides of ilii.s .scries t('iid to las' 
weight under the.se conditions, giving complexes. The diloiidt 
wa.s rccrystallised from ab.solutc formic acid, the solution again 



BEXZOPYRYLITJM salts of distyryl ketones, part I. 1205 

j,t>ing saturated with hydrogen chloi'ide. It U tluis obtained in 
trremi-didjiack crystals possessing a beautiful lironze ivlle.v, and 
is readily soluble in cold water, yi(‘]ding a dee[) blood-red solution. 
It du'iuks above 205^ and melts at 218— 220" [Foiuul : C -- OT-O; 
II 4-7; Cl (Carius, 14 days later) ^ IG-G jau’ eenl.]. From 
die results of those analy.sos, it is evident tbnt the compound lias 
tin* fornuila Ct 7 Hi 302 Cl,UlCl, and tliat the hydrogim ehloridc 
;nl<lcn(hnn is very slowly lost. A doiiblt': iron .salt \eas readily 
(ibtained by dissolving 3 grams <i the ciystailine ehloride in a small 
qiiAiitity of glacial aeedie acid and treating the mixture with a 
solution of 10 grams of eoinitiercial ferric; cjihu-ide in 10 o.e. of glacial 
acetic acid, hydrogen ciilorido Ijoing pas.si'd into tin' mixture until 
it seliclilied. After recrystallisrdicai from glacial acetic acid, tlio 
palt forms dull red ma.sses of glistening needles, m. [i. ITsb It is 
readily soluble in cold wat(;r wltli a deep red colour (Found: 
p = 4.rS; H = 2-9; Ic 12'.), ’liFe rcfjnires C — 

l.AS; H^2-9; Fe ^ 12'.“> per cent.). A pircJilom(<- wa.s also 
jurparod by iiroeipitating a solution containing 2'.') grams of the 
jjvranol chloride di.ssolved in 111 e.e. of glacial acetic acid witli 
2(1 per cent. |)erchloric acid. After recaTstallbaitioii from glacial 
acetic acid containing perchloric acid, the salt was hltered off and 
thoroughly washed with absolute ah'ohol. It forms maroon- 
coloured crystals melting at 190', On lieating in air, tJie compomid 
' piifTs” and therefore, for analysis, it was mixed with excess of 
finely powdered qmirtz (Found : C -= .7S‘.a ; H 4'1. fV^Hj^OyCl 
requires C = .kS',’); H = 3'7 per cent.). 

^ JIl/dro.rif-'2-fshj}p’lljriiZOiii/rj/I{uni ( 'hloridf . — It. was found im- 
possible to prepare iliis compound by eomh'nsiug //oliydioxv- 
beuzaldeliyde with o-liydroxystyiyl methyl k(‘to]ie, as there resulted 
a purplish-hiack, amorphous .substance insoluble iii water, ])robably 
a highly condensed eomjjlex. The pure eldoride was prepared 
hy saturation of 3' ; 2-dihyui'oxydislyrvi ketone, dissolved in 
ab.soluh' loi'inic acid, with Iivdrogen eliloride at j'ootn teinpei'alnre. 
Afh'r standing over-nigiit, elher was added to tiie .solution, which 
was tlien kept for a further period of tAS'enty-fuur Iioiirs. The 
CTv.stalline mass thus obtaiiK'il \','as llltcaed off and recrystallised 
from formic acid, the soliitioji bc'ing saturated witli hydrogen 
diloi'ide. The pyranol chloride form.s reddisli-blaek, prismatic 
dusters, soluble in both cold water and alcohol, giving goldeiT- 
vHIow solutions. Analysis .shows tliat this .salt contains 1 molecule 
ef lormic acid of erysiallisa'i ion (Found: H 4'8. 

^i7^i;ifVdld4‘COoH reiiuii't's (.' • ’ 05'3: H --- 4‘(> jier cent.). 

^ ‘^^Ifdi'oxij-'l-sUjrfjlbvnzopijrtjlinin i'hhridi.- — \'\ (Iram.s of p- 
hydroxybenza’ ’ hyde and To grams of o-]n'droxy.styryl methyl 
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ketone were dissolved in 5 c.c. of absolute formic acid, and the 
solution was saturated with hydrogen chloride, care being lukoi 
to keej .1 it cool by immersion in ice- water. After two days, the solid 
mass was llltered off, ether having previously been added, 1 ;^, 
crystallised from formic acid, the salt forms brilliant, blue, luiero. 
scopie needles, liaving a red reflex. It shrinks suddenly at 
l)ut does not melt below 210 °. It is readily soluble in alcohol wit], 
a reddish-violet colour; the colour in natcr is deep rod, and 
the latter solution, on high dilution, changes in a few seconds to a 
pure blue solution of great intensity. On allowiTig this solution 
to stand, the colour is eotnpictcly discharged and the characteristic 
red colour of the undissociated pyranol salt is not regenerated on 
addition of concentrated hydrochloric acid. It inay be concluded 
that, on standing, complete dissociation of the molecule takes 
place, for addition of liydrochloric acid to a freshly imepared blue 
solution regenerates the characteristic red color atioii (lound: 
G-G5 2; "H-I-7. rerpiires 0 - (ird; 

H ^ 4’5 per cent.). 

Chloride.— Olio gram ^of pure 
3 '-methoxy- 2 -hydroxydistyryl ketone was dissolved in 15 c.c, d 
anhydrous formic acid, and the solution saturated at room tem- 
perature with dry hydrogen chloride. After standing for four hours, 
ether was gradually added to the clear red solution, which was then 
left to stand over-nigli i. Tire chloride crystallised out in t my , bnek- 
red prisms, .soluble in cold water with a golden-yellow colour, which 
soon gave place to a faintly yellow turbidity. In cold alcohol, the 
colour was also goldcn-ycllow'. Idiis chloride, more so than any 
other of the series, resembles clo.sely the usual yellow type of 
l)yrylium clilorides. It might be mentioned that this salt could 
not'^ be obtaijied by condensing ?a-methuxybcnzaldebyde mtli 
o-hydroxystyryl metliyl ketone (Found: C' = 66-0; H - oU 
O 18 H 15 O. 2 CI reciiiircs C - Cf3-2 ; H - 4'1) per cent.). 

4' - hdkoxii - 2 - sliirijVnrnzopynjU a m Ch lorkk. — Six ^ grams of 
4'-methoxy-2-hydroxydistyryl ketone were dissolved in 10 c.c. of 
anhydrous formic acid, and the solution was saturated with dry 
liydrogen chloride at room temperature. A small riuantity of 
ether was added, and the whole allowed to stand for two days. 
The ])roduct was then filtered off ami recrystallised from glacial 
acetic aeid, ether then lacing added and the solution saturated with 
hydrogen chloride. The chloride consists of beautiful, violet- 
black crystals with an indigo reflex. It melts at 127° and dis, solves 
in water to a bright red .solution. Dilution of this solution does not 
produce any change in colour, as in the case of the eorrespoiulmg 
4 '-hydroxy- 2 -slyrylbenzopyrylium chloride. On .standing for some 
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tiiiH', liowevxr, the colour gradually disappears, owing to formation 
the pseudo-base (X). Additioii of hydrochloric acid again 
restores the red colour. Tf a dilute solution of the chloride is 
treated with sodium acetate, the colourless pseudo-base is immedi- 
ately formed togetlier with a little insoluble, amorphou.s, violet- 
coloured product. Xo evidence of formation of the blue anhydro- 
hase is obseiwed and this reaction consequently str'ongly supports 
the hypothesis that the blue solutions of the 4'-hydrQxy-2.styryl- 
heuzop 3 T'yliuni chlorides contain true quinonoid anhydrides. It 
^vas found impossible to obtain sharp analyses of the chloride owing 
to the tenacity with whicli it retains traces of hydrogen chloride, 
an is shown by the gradual increase in the percentage of carbon 
when the same specimen is periodically analysed : 

3 days over sodium hydroxide in a vacuum (t - Oo'-l; H — 5'3. 
SCI M „ Cl -11-3. 

170 . 0 = 07-3; H- 5-2. 

requires (J = 08'2; H = o-4; 01=11-2 per 

cent. 

In order definitely to cliai-acterlse this eomjmund, a perchlorate 
was prepared by the method previously described. It crystallises 
from glacial acetic acid in glistening, violet prisms which melt at 
It is somewhat soluhh; in warm glacial acetic acid, yielding 
a bright red solution (Found : C = 50-4; H = 4-2. OigHj-OgCl 
requires 0 = dO-O ; H = 4-1 per cent,). The iron salt, recrystallised 
from an acetone-benzene mixture, forms deep violet, glistening 
crystals containing a half-molecule of benzene of crystallisation 
{Found ; 0 = 49'U; H = 3-7 ; Fe = 11-3. ('jgllj^^Oof'liI^e.JOgHg 
requires 0 = dO-0 ; H = 3-0; Fe = 11 '2 per cent.). 

2' ; 4'-Z)i7i//r/ro.r//-2-6-fy////6c?r;opyry/don. Chloride, — 2-7 Crams of 
B-rcsorcylaldehyde and 3-3 grams of o-liN'droxystyrvl methyl ketone 
were dissolved together in 10 c.c. of anhydrous formic acid, and 
the solution was saturated with hydi'ogcn chloride at room tern- 
perafui-e, The cliioride, \\liich separated out in a few minutes, 
was stirred with ether, tiltered, and recrystallis('d from anhydrous 
formic acid, saturation with liydrogcn chloride being earned out 
in the usual manner. It crystalli.sed in long, slender, bronze-green 
needles which, after standing over sodium liydroxide for about a 
fortnight, lost their metallic reflex, leaving a grcenish-hlaek powder. 
The cldoride is i-eadily soluble in alcohol, giving a deep reddish* 
violet solution, wliil.st in water the colour is dull crimson, becoming 
pido amethyst on high dilution. On luaiting. there is a gradual 
shrinking above 2(J0^ Tiie absence of the cliuracieristic blue 
solution in this case is doubtless attributable to the presence of the 
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o-hydro\y-group and the consequent tendency of the coiiijtound 
to fonn the sjuVo-derivative {!) (Found: (,- — 62 6, II 4 (; 
(l>-Hi 30 jjChH‘ 002 H requires C — 62‘t) ; H — per cent.). 

'•>' : C>'.Dihi/dmxii-2-stiinjlbenzoinjrijliiim ChlorUU' .—T\m clilovid,, 

was prepared by tlie general nietliod, care being taken, however, 
to keep tlie .solution cold during saturation with the hydrogen 
chloride. It crystallises fmm formic acid as a dull greenish. Mati; 
powder, readily .soluble in cold water, giving a dull red solution 
whieh rapidly decolorises on high dilution. On heating, the 
elilorido .slirink.s at 100" and tars at about 110” (Found : C = (it'l: 

H d-9. Ci.HjaOjCl.Hd) requires C = fi-l'O ; H 4 7 per cent.). 

3' ■ CMorkh.—'Ihh siibst.anif 

was prciiarcd by dissoh ing 2-8 grams of protocateehiialdehyde 
and :i'3 granrs of o-hydroxystyryl methyl ketone in a mi.xture of 
10 ce oF absolute formic acid and 20 e.c. of ether and saturating 
the solution with hydrogen cliloridc, the whole being imiuersnl 
in lee After .standing for a few hours, more ether was added ami 
the i'liFture left over-night at 0". On crystallisation trom 
anhydrous formic acid, the chloride sejiarated in liny prisnn 
possessing a magnilicent hcetle-grecn sheen. An alcoholic solution 
is bluish-violet in colour, whilst the aqueous solution is deep reddi.Ji- 
hrown, which, on high dilution, changes to pure hhie (Found: 
(1^()2'3; Il=-4'r). requires C -- (Sb: 

H = 4'3 per ciuit.). ^ ^ 

2' : 4' : "i-Trih>idroxij- 2 -s{i/y!ilben:opjfriil^ Chloride —i'y:') (^rinn.s 
of S-rc-soreylaklehyde were dissolved in 10 c.c. of absolute formic 
acid together with J-2 grams of acetone. The whole was llii-ii 
'saturated with hvdrogen chloride at room temperature, a small 
quantity of ether being added to |ivm'ciit the separation of the 
aldehyeie during the saturation. The mixture was kept tor ten 
days 'during tthich time ether was gradually added in small 
qu'an’tities. 4’hc purple, crystalline mass was liltered off, well 
washed with ether, and recrystallised from anhydrous formic acid 
containing hvdrogen chloride. Some insoluble matter was always 
produced in this rcaefion and was removed during recry stnlli.satioii. 
'I’he chloride consists of livgroscopie, deep puiple needles, with a dull 
ereeu diecn and is readily soluble in water, giving a deep )mr|ili'- 
Fedsolulion (Found: C-591); 11 .. du. 

reliuiresO -o9'C; H---4'-l pereen1.). ^ ^ 

3' - Methoxy ■ 4' • hydroxy ■ 2 ■ styrylkiizopyryliiim Chlonih . - i ms 
chloride is the only one which it has been fouml possible to pivparr 
in aqueous solveu'l. (Vh Crams of mliydroxyslyryl methyl kemne 
and (iT grams of r'auimri were dissolved in 4(1 e.e. of SO per l•ent^ 
formic acid, and the sohitiou was then cooled in ice and saturated 
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with hydrogen ciiloride. After standing for two days, concentrated 
liydrocliloric acid was added to incipient precipitation. The 
mixture was left for a further period of two days, and the black, 
crystalline mass which had separated was filtered off and twice 
cccrystallised from SO per cent, formic acid, an equal volume of 
concentrated hydrochloric aeid being added to the solution. The 
substance was thus obtained a.s a faintly green, crystalline mass 
which, on standing in an exsiccator over sodium hydroxide, lost 
some loosely held addendum. The weight was con.stant after 
ten days and the cliloride obtained as a dull grceni.sh-blaek powder, 
decomposing at 145^", Like 4'- hydroxy- 2-styrylbenzopyrylium 
chloride, this substance readily dissoh’os in water with a deep red 
colour which, on liigh dilution, becomes pure blue { Found : C = 63-2 ; 
H = 5*0. CigK^-OgCljH-CO^H requires C — 63*3 ; H 4*7 per 
cent.). 

3' : This sub- 

stance has previously been described by Borschc and Wundcr 
[Annakn, 191(1, 411 , 38), who ol>tained it from o-hydroxystyryl 
iiicthyl ketone and pipcronal, and gave as addenda two molecules 
of water [Found : C — 62'0; H = 4*9. CjgHj^0.,Cl,2H20 requires 
(il'9; H — 5*0; (Cl — 10-2) per cent.]. Using the above 
method, with (jlacial acetic acid as solvent, we could only 
obtain products with a carbon content much above that of the 
chloride. 

The salt was prepared by su.';j)ending 12 grams of 3' : 4'-methyl- 
enedioxy-2- hydroxy distyry I ketone in 30 c.c. of anhydrous formic 
acid and saturating the hot mixture \^’ith hydrogen chloride. 
After standing for a short time, gradual addition of ether wa.s 
commenced. On the next day, the product was filtered off and 
rcciystallised from aiiliydrous formic aeid, the solution being 
saturated with hydrogen cliloride. The chloride forms dull green, 
microscopic crystals, with no dclinite melting point. Analysis of 
this compound is exceedingly troublesome, as the compo.sition 
varies, due to a loosely combined addendum, which, in this case, 
appears to be hydrogen chloride [Found; after seven days in a 
vacuum over sodium hydroxide, C — (11*1; H == 4*1; Cl =: 15*6 
((Jarius). After thirtv days more in the exsiccator, Cl = lo’l. 
<^18^130301,1120, mci requires C = 01*9 ; H - 4*5 ; Cl - 15*4 
per cent.J. The low carbon value is evidently due to a little retaiilpd 
hydrogen chloride, ^^■hich is only slowly lost. Another specimen 
of the salt wa.s prepared by condensing o-liydroxystyryi metliyl 
ketone and pipcronal directly in formic acid and recrystallising 
the product this time from glacial acetic acid. Tlie product in 
appearance is identical with. that above described, but the analytical 
VOL. eXXL U U 
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results are equally indefinite, as the carbon value gradually 
on keeping tfic specimen in an exsiccator over sodium hydroxide 
[Found : after three days, C = G2‘l ; H — 4'G, which agrees witd 
Borsches result {vide supra). After one hundred and thirty days, 
however, C = (13* 1 ; H = 1'7. Cj§Hi303Cl,H20 requires C OvS; 
H = 4*5 per cent.]. 

That the substance was, however, a true benzopyrylium salt was 
established by means of the double iron chloride. The crude 
product was crystallised from an acetone-benzene mixture and 
obtained in tiny, prismatic needles of a greenish-brown colour, 
wliich arc readily soluble in water, giving a carmine-coloured 
solution. The salt melts at 208°, as previously found by Bor.sche 
(Found : C = 45*7 ; H — 2'9, Fe ~ 1T7. Calc., C -= 4.75; 
11^2*7; Fe 11*8 per cent.). The perchlorate forms small, 
green crystals which ‘'puff violently on heating. It is readily 
soluble in hot water, yielding a deep carmine-red solution (Found : 
C = 57*0; H ^ 3*7. CjgHjgO^Ol requires C 5G*9; H = 3 -1 per 
cent.). 

3' : -Di mcihoxii-2-sf i/rylbejizopijrylium Chloride . — Five grams oi 
3' ; 4'-dimethoxy-2-hydroxydistyryl ketone were dis.solved m 
10 c.c. of absolute formic acid and saturated without previou.'i 
cooling with hydrogen chloride. A little ether was added and, 
after two days, the |)rodiic;t was filtered off and recrystallised from 
a glacial acetic acid-ether mix! hit, the solution being saturated 
with hydrogen chloride. Prepared in this way, the chloride forms 
glistening, emerald-green crystals with a characteristic slicen. It 
melts at IIG — 118" and is readily soluble in cold water with a blood- 
red colour. By^ working in more concentrated solution, a second 
form of the cddoidde is obtained (9 grams of ketone in 15 c.c. of 
absolute formic aeiel saturated with hydrogen chloride at room 
tcmperatur('). This form crystallis('s as a brilliant bectlc-grcdi 
mass with a characteristic golden slicen, melting at 9o , 
decompo.sing at IK)'’ (Found : C — 00*8; H = ..>*3; Cl — G’U. 
(Ji,K,, 03C1,H'C02H,H20 rcLiuires 0 - 61*1 ; H - 5*3; Cl !I0 
per cent.). Analysis of the first speciiiK'n gives indefinite results 
which vary owing to loss of addendum (hydrogen chloride) on 
keeping in an exsiccator. Various methods of ciTstallising this 
chloride ha\e been tried, and, in all rases, the substance clings 
tenaciously to indefinite quantities of .solvent, which rendcis 
analysis somewhat dinicult, and it is this property which doubtless 
causes the varying appearance of the different jjrepa rat ions. Ihus, 
when tv ice recrystalliscd from absolute formic acid saturated vith 
hydrogen chloride, the compound forms a mass of small, felted 
. needles, with a dull greenish-blue reflex. It is very soluble in cold 
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^vater with a deep crimson colour. On lieating, the chloride melts 
at 03-95°, decomposing at about 112° (Found: C-=00'7' 
H — 5*1 ; Cl = 8'9 per cent.). After keeping a portion of this 
analysed specimen in a vacuum for a period of forty-two days, the 
chloride has lost the molecule of water of crystallisation and in 
this state forms dull green needles, melting at about 110° (Fo\itid • 
C - ()3‘8 ; H ^ 5'4. CigHi.OgChH'CO.H requires C = 041 ; 
H — O' 1 per cent.). 

Notes on the Technique of Filtraiion. 

Considerable difficulty wds encountered in finding a suitable and 
rapid method for the filtration of the hot acid mixtures. When a 
filtered liquor was required, a Plimpton apparatus \vas employed, 
asbestos pulp, washed with the solvent before use, being used as 
the filter medium. A large air-pump was employed to obtain a 
rapid vacuum, an ordinary filter-pump allowing crystallisation to 
take place in the stem of the funnel. 

For the separation of the pure solid salts from the acid liquid 
the following device was employed. Three-inch length.^ of wide 
combusion tube were cut, and into one end was rammed a three- 
eighths inch layer of a thick paste made by moi.stening a mixture 
of silver sand and lead oxide with glycerol and a hot saturated 
solution of lead acetate. The tubes were then dried in a steam-oven 
and cautiously fired at a dull red heat. The tubes were fitted by 
means of rubber stoppers into a filter flask, and a wide-moiith 
bottle, from which the bottom had been removed, was employed ns 
a funnel. Filter-tubes thus prepared are very porous and hard, 
and the medium has resisted all the acids employed, These tubes 
may be used repeatedly if, when soiled, they are washed with water 
and retired in the muffle. 

In conclusion, we desire to take this opportunity of thanking 
Mr. R. A. Bailey for kindly taking the absorption spectrographs, 
and also to express our indebtedness to the Department of Sciejitilic 
and Industrial Research for a grant to one of us {J. S. B.) wliich has 
enabled this research to be carried out, 

Depai'.’I'MKXt of Org.\mc Chemistry, 

■The Umvioisjtv of LivEKrt^or, Jk'eeivtd, Mftu liith, IDi’l] 
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CXLV. — 2 : 3 : ^‘Trimethijl Glucose.'^ 


5 y James Colquhoun Irvine and Edmund Langley Hirst. 


The crystalline form of trimethyl glucose in which the alkyloxy 
(Tfoups arc attached resiiectively to the second, third, and sixth 
carbon atoms of the chain is an important example of what may 
be termed a ‘‘ reference compound,” and is worthy of detailed 
study. I'he sugar w'as originally isolated by Denham and Wood- 
house (T., H)14, 105, 23r)7) as one of the hydrolj^sis prodiict.s 
obtained from trimethyl cellulose, and it is to tho.se authors we 
owe the first definite evidence as to the linkage of the hexosc residues 
ia the cellulose molecule. In the course of the past eight years 
the same form of trimethyl glucose has also been obtained indirectly 
from lactose (Haworth and Lcitch, T., 1318, 113, 188) and from 
cellobiose (Haw'orth and Hirst, T., 1321, 119, 193), so that the 
sugar has also proved luseful in solving the ooiLstitution of these 
disaccharides. Doubtless, other naturally-occurring compounds 
contain the same unit and the investigation of methylated sacchar- 
ides based on glucose sliould thus include the identification of any 
trimcthyl glucose which may be formed on hydrolysis. 

The structural studies which have been mentioned depend mainly 
on the constitution ascribed to the j)articular form of trimethyl 
gliico.se now under consideration, and this was e.stablished by 
Denham and Woodliouse. In their first paper on this subject 
they reviewed the various possible fornuilce and arrived at the 
alternatives shown below’ : 

/CIDOH /CH-OH 


/ CH'OMe 
(I.) CH-OHe 

CH'OH 

CH,-OMe 


/ CH-OMc 
(';H-0H {]!.) 

'^CH 
OH'OMc 
CHo-O.Me 


* The iiumei'ienl sy.stoia used iii Itie |ii'eseiit [mper to itidieate tho 
position of tho substituents in tlie sugar ehain iias been employed in this 
laboratory for many years and was first communicated to the Society in 
order to nsciibo charnetci’istic immes to partly methyiated glucoses 
(Irvine, P., 1913, 29, 0!)), As at the time the i>ropo.^ed nomenclature was 
not adopted oniciully, jiotcs were addt'd to svibsecpient paipers explaining 
iny preference for tlie mnnciical nu'tliod (Ii'\ine and S(’ott, T., 1913, T.03, 
atit; Irvine and Patterson. T.. 1914 . 105, ^' 99 ). The system has also been 
used frecpiently in discussions on sii'iuture (Ti'vine and Steele, T., 1915, 
107, 1-30), and was enijdoyed regularly in eorrcspondt'nee witli Emil Fischer, 
who introdueod it into Ids closing pajurs. Tiiese oin umstances are mentioned 
in view of a recent, paper (Karn'r and Hurwiu, //(d'. ( him. -Tchf, 1921, 4, 
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An important step was made in a subsequent paper (T., 1917, 

244) when they referred tlie sugar to tlie butylene-oxide, series 
and decided definitely in fa^’ou^ of formula I. This concluf<iQjj 
was based on the fact that the trimcthjd glucose was convoitibiQ 
into a trimethyl glucoheptonic acid, which yielded a lactone throuoh 
loss of a molecule of methyl alcohol. Formula I was subsequciit'iv* 
supported by Haworth and Leitch {loc, cit.) and the butvJencl 
oxide structure was finally confirmed (Haworth and Hirst, he. 
cit.) by conversion of the compound into dextrorotatory tetra- 
methyl glucose (Purdie and Irvine, T., 1003, 83, 1021). 

The investigation of the constitution of cellulose by tbe mcihvl- 
ation process, whieli was first undertaken in this laboratory by 
our former colleagues, is being eonlinued by us, and it has been 
found necessary to devote further research to partly metlylafod 
glucoses, and in particular to 2:3; 6-trimcthyl glucose. In view 
of our immediate object, we Imve confined our attention to the 
identification of the sugar, its separation from other sugars, the 
correction of the physical constants, the behaviour towards reagents, 
and the confirmation of its structure. 

Unfort unatcl^q no crystalline derivative of the sugar could be 
obtained. It failed to condense with acetone, and reacted only 
imperfectly with phcnylcarbimide, vhilst the bydrazone, oxime 
and anilide were unstable, uncrystallisable syrups. The metlivl- 
glueoside proved to be a colourless liquid which did not solidify 
and, so far, the identification of the sugar depends primarily on 
the isolation of the com]ioiind in a pure crystalline condition. It 
may be mentioned that the capacity of this sugar to separate in 
the solid form is seriously affected by impurities and seems to be 
inhibited by thorough drying, so that on distillation a viscous 
syruj^ is obtained which solidifies only after several weeks. Even 
gentle wanning above the melting point is sufficient to impair 
crystallisation. The treatment of hydrolysis products wdiich may 
contain this variety of trimetliyl glucose must therefore be conducted 
with regard to the precautions described in the experimental part. 

We find that when tri methyl glucose is formed in a reaction in 
which higher — or lower— methylated glucoses are also produced, no 
serious difficulty is experienced in sejmraiing the crystalline sugar. 
The examination of the hydrolysis products obtained from hepta- 
mo^liyl mcthylcellobioside and from trimcthyl cellulose is a ca.se in 
point. Extraction of .such a mixture with boiling light petroleum 
removes th<‘ tetramelliyl glucose const ituent, and trimcthyl glucose 
can tliereafter be dissolved out of the residue by Jueaus of cold 
acetone. On the other hand, this comparatively .simifie treatnidit 
is ineffective wlien trimcthyl glucose is mixed with tetramethyl 
galactose, a cendition encountered in separating the hydrolysis 
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products obtained from heptamethyl methyl-lactoside. Owing to 
viscosity of the syrup, repeated exhaustion with light petroleum 
lias very little effect, and the solvent fails to penetrate the mass. 
Treatment with cold dry ether is also unsatisfactory, as, although 
trimethyl glucose is sparingly soluble in this solvent, it dissolves 
readily in the presence of tetramethyl galacl ose. Fractional precipit- 
ation of an ethereal solution of the mixed sugars l:)y means of liglit 
petroleum is more successful, but gives at the best very poor yields. 

Haworth and Lcitch overcame this difficulty by converting the 
mixed sugars into their respective anilides, and after separation 
of the galactose derivative Hie trirnethyl glucoseanilirlo was decom- 
posed with acid. We have repeated thi.s reaction on several 
occasions, but have obtained xery irregular re.sults, and although 
it was used to good effect in determining the structure of lactose, 
the method, without further elaboration, is not convenient for the 
preparation of tri methyl gluco.so in quantity, or for the identi- 
fication of the compound in tloubtful cases. In our experience, 
the best process for isolating the pure sugar from such a mixture 
is to remove the bulk of the alkylated galactose in the form of the 
sparingly soluble anilide and to regenerate the crude sugar from 
the anilides retained in solution. Tiiereafter the impure trimethyl 
glucose is converted into the corresponding glueosido by Fischer's 
method and purified by fractionation in a liigh vacuum. This 
treatment eliminates any fully metlnbated galaetoside which pavS.ses 
over in the first fraction, and al.^o traces of lower methylated sugars, 
which remain iindistillcd. Tiimcthyl mcth3figlucoside thus con- 
stitutes the main fraction and on liydroh’sis the alkylated glucose 
is readily obtained crystalline vith greater certainty and in better 
yield than by any of the methods used by us. The follo'aiiig 
table shows the relative efficiency of tlic different processes, the 
figures quoted being the yield of tlie sugar isolated in the crystalline 
state expressed in percentages of the total amount present. 

Jk'lluHl of soparating the 

Source. mixed sugms. Average yjcUl. 

Hydrolysis of : 

1. Triinethyl methyl- Direct c cyst allisat ion. oO per cent, 

ghieo.side 

2. Heptanadhyl methyl- FriKtioiial rxtraclinii with liglit oO ,, ,, 

ec'llo bioside pt>l roleum, 

li. Heptamethyl metliyl- Reiiio\ al of tetramethyl gal- .50-00 per cent, 
kiftosido aetose as anilide, followetl by 

isolation of triinethyl ineihyl- 
ghu'uside aiitl hydrolysis. 

4. Heptanielliyl nictliyl- After gluroside I’onnulion with- 30 per cent. 

laotoside. out separation of the nnilid('s, 

5. Heptainelliyl methyl- By fraeiinnal preeipif atiou of 17 „ ,, 

laetoside. etliereal sol m ions with light 

])e(i'ol('uin, 

ft Heptamethyl methyl- By conversion into the anilides Variable, often, 
lactosidu and three t isolation of tii- very low. 

juetliyl glucose. 
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Once 2 ; 3 ; G-trimethyl glucose has solidified, the compound ^ 
easily purified by recrystallisatioii from ether. The melting 
i.s affected by mere traces of impiirity and the value found \vh(>,j 
small quantities are being manipulated is generally of the order 
With the amount of sugar at our disposal it uas 
however, po.ssiblc to repeat the crystallisation until constant 
values were recorded. The corrected constants are given below 

Crystalline form "Fine needles or short prisms. 

Melting point 122— 123“ or [)2 — 03“. 

(of syrup) I ’4743. 

[all, in methyl aleohol + 117’?° — > 88’6° (no catalyst). 

[fljj, in water i- 90’ 2“ — >- 70’5° (no catalyst). 

It is important to notice that the final optical value obtained in 
aqueou.s solution agrees well with that found on hydrolysing (he 
corresponding glu coside ([ajn d- 70°). This result offers a marked 
contrast with the behaviour of 2:3; 5-trimethyl glucose {Irvine 
and Oldham, T., 1921, 119, 1744), and serves a.s an additional 
method of discriminating between the two isomeric sugars. The 
above rautarotation in methyl- alcoholic solution is abnormally 
slow, and in the past it has been customary to accelerate the diange 
by adding a trace of hydrochloric acid. ’When treated in this way, 
the above solution .showed in thirty minutes the value — 70tr“, 
which agrees with the previous figures (+ G9’T^, and G8’7'') quoted 
as permanent. It is, liowever, extremely doubtful if this ehange 
in activity is due solely to normal mutarotation, as we find tlie 
optical value does not remain constant, but continues to diiuinish 
regularly owing to glucoside formation. The permanent rotation 
given in aqueous solution is thus the more trustworthy constant. 

All attempts to isolate the f^-form of the sugar failed, but in the 
course of such experiments distinct evidence of dimorphism was 
obtained. Xormally the sugar crystallised in slender needles, hut, 
as described in the experimental part, a second and more soluble 
variety separated in characteristic, short, pointed prisms. These 
molted sharply at 92— 93^ but, contrary to expectation, did nut 
consist of the fi-forni, as the nmterial .shov ed normal mutarotation 
ill the downward sense, in jilace of the reverse change. Tliis 
observation is not without precedent, as a .similar phenomenon has 
been observed in the case of butylene-oxide telraraethyl fructose. 

As already stated, the dcri\-at ivies of 2:3: G-triniethyl glucose 
are .not characteri.stic and are thus ill adapted for identifying tiie 
sugar. Tiii.s applies even in the case of the corresponding methyl- 
glucoside, which was isolated in the liquid form (b. p. 147—150 ; 
0-07 miij.) and consisted of a mixture of a- and (i-forms in unhnowu 
proportions. Although this cxeludes the quotation of specilic 
rotation as a physical constant, the physical properties of the mixed 
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frliicosides servo to distinguish 2:3: (i-triinetliyl glucose from the 
i<oincric 2:3: 5-trimethyl glucose obtained fi'om maltose or from 
ffliicosan. Optical methods can, ho\vever, he a])|)Iied to confirm 
flic identity of crystalline tri methyl glucose. A solution of the 
sugar in acetone containing a small proportion of hydrogen chloride 
maintained a constant activity for forty-eight hours, thus indicating 
the absence of condeasation. On the other hand, when dissolved 
in methyl alcohol similarly acidified, the sign of the rotation altered 
from dextro to Isevo, owing to glucoside formation, and tin? figures 
quoted in the experimental pari are characteristic for this particular 
.sugar. 

The constitution ascribed to the sugar by Denham and Wood- 
liouse has been confirmed in a manner which sharply differentiates 
2:3: 6-triincthyl glucose from the 2:3; 5-isomeridc. When 
oxidised vith nitric acid, one methoxyl group Avas removed Avith 
the consequent formation of a dimethyl saccharic acid, AA hich Avas 
isiflated in the form of the diethyl ester. The corresponding lead 
salt Avas also preparc'd, the alkA^oxy -content of which confirmed 
the idea that one methoxyl group AAas eliminated in the formation 
of the oxidation acid. Tlie series of reactions involved may be 
expressed as under : — 


.CH-OH 

CH-OMe 
< ^H-OMe 

CO-OH 

CO-OEt 

CO-0 — . 


C'H-OMe 

CH-OMe 

CH-O^fe 


— > CH-OMe — ; 

^ CH-OMe 

CH-0:^Ie 1 


\;h 

CH-OH 

CH-OH 

1 Pb 

CH-OH ^ 

('lI-OII 

CH-OH 

(Tl-OH 

OlI-OII 


CHyO.Me CO-OH 

CO-OEt 

CO-0 — 


Taking into account the evidence 

cited by former 

colleagues, 

the 

structure of the 

parent sugar may 

now be regarded 

as settled. 

It 


is important to note tliat imder parallel conditions the action of 
nitric acid on 2:3: 5-trimethyl gluctAse leads to an entirely different 
result (Irvine and Oldham, /or. ci/.). Tiie product then obtained 
was the monocthyl ester of trinuliiyl saccliarolaclone, Avhich, Avhen 
converted into the dibasic acid, was readily transformed into the 


corresponding lactonic acid. 

^CK-OH (‘O'OH CO CO ;■ 

CTDOWe CH-OMe CHOafe CH'OMe 

\ CH-OMe C'lI-OMe CH-OMe CH-OMe 

V'H CH-OH CH CH 

C'H-OMc C'H-(»re CH-OMo CH-OMe 

CHj-OH CO-OH CO-OKt (’O-OH 

u u* 


0 
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Ill the above reactions, a dibasic acid is formed, although all thrc^c 
methoxyl groups are retained, thus proving that the tennu^rj] 
^CHg’OH of the parent sugar is unsubstituted. On the other lumj 
a 2 : 3 : 6 -trimethyl glucose could form a dibasic acid containing 
six carbon atoms in the chain only by the loss of a methoxyl grouj>. 
Tins we have found to be the ease. 

We recognise that we have not exhausted the possibilities of 
further research on the isomeric trirnethylated glucoses and our 
work is therefore being continued in order that we may apply 
the results in our constitutional studies of carbohydrates generally. 

Exp K u I M V. X T A li. 

Preparalion o/ 2 : 3 : Q-Trimdkyl Glucose, 

The .separation of tlie above form of trimethyl glucose from other 
sugars is summarised in the introduction, and requires amplification 
only so far as the preparation of trimethyl glucose from lactose k 
concerned. The methylation of lactose was conducted as described 
by Haworth and Leitch [loc. ctt.), and gave excellent results. After 
two methylations with methyl sulphate and alkali, followed by 
two further alkylations by the silver oxide reaction, the completely 
methylated disaccharide was obtained and fractionated under 
reduced pressure. As an indication of the yields, it may be stated 
that in the course of four such preparations 110 grams of lactnsn 
gave 90'6 grams of distilled product (b. p. 200"^ /'0'3 mm. ; ?ii,l-469o), 
which readily crystallised. The material was hydrolysed in the 
usual way,* the mixture of alkylated hexoses being treated so as to 
test the efficiency of different methods of isolating the trimethyl 
glucose constituent. 

I. Anilide Method . — This was conducted according to the 
published description, but gavi^ irregular results. 

(cf) 3'2 Grams of mixed sugars yielded TT granis of tctramctliyl 
galacto.seariilidc, and an iiiicrystallisable syrup weighing 2‘6 grams. 

(6) Duplicate with tin' above, but the trace of acid u.^ed to 
decompose the trimethyl glucosoanilidc was neutralised before 
concentration. During evaporation, tlie solution became highly 
discoloured, and repealed treatment with charcoal was necessary. 
Tield of tetramethyl galactoseanilide, TO grams. Cry^stalline 
trirnethyl glucose was formed in small amount, but could not be 
separated from adherent syrup. 

* Haworlli and Loiteh [lor. ciL, p. i:)7) state tliat on liydiolysis of beptu- 
methyl methyl-trictoside the speeii'ic. rotation bceojoes (“UJistant at '*’ ■ 
Thi5 i,s apparently a mi, sprint, as in all tnir cxpcrinicnts ttie value was of ilte 
-order !10’ a result whicli agrees with the known rotations of the sugars 
present. 
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9*9 Grams of mixed sugars gave ">'1 grains of totramethyl 
galactoseanilidc. Here again the soluble anilide developed a very 
dark colour in the course of liberating tlte trim ethyl glucose. The 
sn’upy product failed to crystallise until it was distilled (b. p. 
^"-p._175“/0'3 mm.), after which solidification required several weeks. 

(J) Duplicate with the above. In this case also the crystallisation 
of trimethyl glucose wars possible only after distillation, and was 
then imperfect. Yield of rccrystallised sugiir, Ow gram, 

(f) Tlie irregularity of the anilide method was also shown in 
tilt' following experiment. The mixed sugars (28 grams) were 
converted into the corresponding mixture of methylglucoside and 
methylgalactoside, which was further purified by distillation under 
0'2 mm . pressure. The parent sugars were regenerated by hydrolysis 
and then subjected to the anilide reaction; IG-o grams of tetra- 
methyl galactoseanilidc were thus obtained, considerable darkening 
took place in isolating the methylated glucose constituent, and 
only I'o grams of crystalline sugar were isolated. 

JI. Fraciional Solution.— Fightevn grams of the mixed sugars 
were extracted five times with a large excess of boiling light petrol- 
eum. The undissolved syrup then iveighcd 14 grams, showing 
that the solvent did not penetrate the mass. Treatment of this 
residue with 40 c.e. of dry ether removed 8T grains of the mixed 
sugars, and the undissolvcd sjTup crystallised very imperfectly. 

III. Fractional Precipitation. — lo‘2 Grams of the mixed sugars 
were dissolved in 20 c.e. of dry ether and 25 c.c. of light petroleum 
gradually added. The precipitated syrup was kept in contact 
with fresh petroleum and yiehled 0'95 gram of crystalline trimethyl 
glucose (m. p. 114°). On the other hand, the ether-light petroleum 
mother-liquors deposited 1*34 grams of the new prismatic form of 
the sugar melting at 92 — 93°. Tlie method was repeated in order 
to isolate further quantities of the new variety, and 26*7 grams of 
the mixed sugars then gave 2*5 grams of trimethyl glucose melting 
at 92 — 93°. Yield = 17 per cent. 

IV. Glucosidc Formalion. — Thirl y-eight grams of the mixed 
sugars were dissolved in 300 e.e. of methyl alcohol containing 
O'") per cent, of hydrogen cliloride and the solution was heated at 
110° for forty-eight hours. On isolating the product in the usual 
manner, a syrup consisting of trimethyl methylglucoside and 
(etrametliyl methylgalactoside was obtained, 'I'lii.s was frac- 
tionated : 

fraction I IS'3 grams, b. p, 120— 134°, 0'4 mm. ; ?!dI'4537 

-Fraction II 0*5 grams, b. p. 134 -142° 0*4 mm, ; ??j5l‘4542 

Fraction III 12*7 grams, b, p. 150 -l’)8 ;0'4 mm.; ?q,l'4oS3 

•Fraction IV 1*5 grams, b, p, 170°/0'4 mm.; vj.ol'4730 

u u *2 



1220 IRVINE AND HIRST ; 2 : 3 : G-trimethyl glucose. 

The third fraction contained 70 per cent, of glucosidc and 30 poj 
cent, of galactosidc, and further distillation had little elfcet on 
composition. Hydrolysis of the mixture by heating at 100' pj 
4 per cent, aqueous hydrochloric acid gave, after the usual treatment 
a 30 per cent, yield of crystalline trimethyl glucose. 

V, By a combination of methods I aiid IV it is possible to improve 
the yields of the pure sugar to 50 — 60 per cent, of the theoretical 
amount. The mixture of the methylated aldoses resulting 
the hydrolysis of oetamethyl lactose is dissolved in four times its 
volume of absolute alcohol and heated at the boiling point for 
four and a half hours with excess of aniline (5 mols.). On cooling 
tetramethyl galactoscanilide crystallises, and after filtration the 
liquid is distilled with steam. A further quantity of the anilide 
generally separates at this stage, the total yield being SO-^So per 
cent. The liquid is rendered distinctly acid with hydrochloric 
acid and, after a second distillation with steam, neutralised with 
barium carbonate, decolorised with charcoal, and evaporated to 
dryness under diminished pressure. Thereafter the residue is 
extracted with acetone, the solvent removed, and the syrup taken 
up in ether. On filtering and concentrating, some trimethyl 
glucose may separate and any crystals which form within forty- 
eight hours are removed. The uncrystallisable portion of the 
sjTup is then converted as described in method IV into trimethyl 
niethylglucosidc, which, however, still contains some alkylated 
galactosido. Distillation in a high vacuum removes most of this 
impurity in the lower- hoi ling fraction, after wiiich the glucoside 
fraction is hydrolysed in the usual way with 5 per cent, aqueous 
hydrochloT’ie acid. The solid residue remaiiiiug after neutralisation 
and evaporation is extracted with acetone, the solution concen- 
trated to a syrup and taken up in, ether. Slow evaporation of the 
solvent give.s trimethyl glucose in well-formed needles, and after 
four recrystallisations from ether the melting point is constant. 

The revised constants determined on the pure a-form are given 
in the introduction. Under a pressure of 0‘3 mm. the sugar was 
distilled at 171 — 175"^ as a viscous liquid which, following the usual 
rule, contained a slight excess of the [i-form. No detaih^i descrip- 
tion need be given of the derivatives of trimethyl glucose, as standard 
methods were used throughout and in no case w'as a crystalline 
product obtained. Only two typical oases are quoted, 

Trimethyl Glucoseoxime. - syrup soluble in ether, insoluble in 
light petroleum, [ajo in ethyl alcohol - 42^ without mutarotation; 

1-4702 [Found: OJIe = 37-4. OjHjoOjMcjN requires OJle 
= 39T per cent,]. 

Trimethyl GlucosecinUide, — An uncrystallisable yellow syrup 



ievine and hirst : 2 : 3 : 6-trimethyl glucose. 


1221 


decomposed readily on heating. For analytical purposes 
p,e compound was dried at 60'’/0'2 mm. {Found: N — 4'47; 

- 30‘1. Required, N - 4'77 ; OMc = 32*4 per cent.). 

2:3: G-Trlmelhyl M fdhjhjIucO’HuIe. 

The formation of this compound as a stage in Iho separation of 
the sugar from tetramethyl galactose has already lK‘en described. 

1 per cent, solution of trimethyl glucose in Jiieth}'! alcohol con- 
taining 0-25 per cent, of hydrogen chloride nndcrgoe.s condensation 
in the cold, and although this procedure is unsuitable as a means 
of preparing the glucosido, the polarimptric record of the reaction 
possesses interesting features which are characteristic of the sugar. 

Specific rotation Spcitfic rotation 

calcuUit(“(l on calculator! on 

Time from ^rcig}lt of sugcr Time from weight of sugar 

start, initially j'>rescnt. start. initially f)resciit, 

Ominuto -r 77" , 70 hours - 4*P 

3 minutes 61‘3 04 ,, — 5-1 

a la, 30, 00, 90 minutes ti4-;i DU ,, — IS’O 

’200 minutes --02 lUU ,, —27 

24 hours -f- 30'2 200 ,, — 3(i 

When the cxjierimcnt w'as finally arrested, the daily increase in 
[oc]d was about R. The apparent constant rotation maintained 
for the first three hours finds no read}'' explanation, and cannot 
l)e accounted for by mutarotaf ion. If two simultaneous reactions 
lake place, a dextrorotatory product mu.^t be formed in the first 
stage of the condensation, thus obscuring the normal diminution 
of rotation. Such a re.sult would, however, be opposed to the 
customary order in which glucosidcs are formed and attain equi- 
librium, so that the possibility i.s not exchuh'd tliat tiio above 
figures indicate a jiarlial transference of the sugar from the butyleno- 
to the amylenc-oxide type. It may be recalled that Denham and 
Woodhouse obtained similar results, although at a greater speed, 
the optical inversion being recordctl in twenty-five hoiir.s in place 
of fifty-seven hours, and the value [ %]d - 33" being reached in 
sixty-nine hours. 

2 : 3 : 6-Trimethyl mctliylgliicoside was readily prepared by 
heating a 7 per cent, solution of the sugar in methyl alcohol con- 
taining O'o per cent, of hydrogen chloride, (.'ondensation was 
complete after thirty hours' treatment at 100'', but in large-t.alo 
experiments the heating was conducted at 11<»" for at least forty 
hour.s. The acid was neutralis(‘d with silver carbonate, the liltiate 
treated with charcoal, and the solvent I'einoved. Distillation ga\e 
an excellent yield of the ghicoside in the form of a colourh'ss, com- 
paratively mobile syrup (b. p. loO ;0‘07 mm,; l’4oi>3) readil}* 
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soluble in water and organic solvents generally, with the exception 
of light petroleum. The compound failed to solidify on cooli])rr 
or when nucleated with a crystal of 2:3: o-trimothyl metlivf 
gluooside {Found : 0 = 50'67 ; H = 8-37 ; OMo ^ .jP‘> 

CgHg02(0Mc)j rcfiuircs C-50‘85; H = 8'47; OMe 52-5 
cent.). 


Solvent. c. 

Water MO 

Alcohol 1-221 

Chloroform I'2(i0 

Acetone I-.IIO 


-,'■ 0-4 


As the above optical values were determined on a mixture of %■ 
and p-isomcrides, tliey cannot he regarded as constants. 

When 2:3: G-trimethyl mothylglucosido was dissolved in 3-3 
per cent, aqueous hydrochloric acid and the solution heated in a 
boiling- water bath, hydrolysis took place and the dextrorotation 
rose and fell in the usual manner, becoming constant at [ 3 ^] — -j 70' 
after four and a half hours. This value is almost identical with 
that obtained on hydroly.sing cither a- or [i-2 : 3 ; 5-triinothv] 
methylglucoside or trimethyl glueosan (Irvine and Oldham, for. 
dt). The coincidence is, however, fortuitous, as on isolating the 
sugar in the usual way the product solidified to a hard mass of t!ie 
crystalline sugar. Yield oO per cent. 


Oxidation 0 / 2 : 3 : ij'Trimetkj/l Glucose. 

An 8 per cent, solution of the sugar (5-5 gram.s) in nitric acid 
{d 1‘2) was heated at 80'' until reaction commenced, after which 
the liquid was maintained for five hours at 60 — G4^ witli occasional 
shaking. By this time the c\’oIution of oxides of nitrogen had 
ceased, and the oxidation was arrested by dilution with a large 
excess of water. The U(|uid was then distilled under 10 mm. 
jiressure with the continuous addition of water until 600 e.c. had 
collected. In this way the bulk of the nitric acid was removed, and 
thereafter the vacuum concentration was resumed with the con- 
tinuous addition of alcohol. After 1500 c.c. had been collected 
in the receiver, the solution contained only a trace of nitric acid. 
The solvent alcohol was evaporated, the residua.1 syrup dried until 
constant in wxdght by heating for twenty-four hours at 5rF/0’5 mm,, 
and then distilled under the same pressure, The product, which 
was a yellow, viscous syruj) ])racticully neutral in reaction and 
showing «,)F40]O, proved to }i(‘ the di(dhyl (‘slcr oi dimethyl 
saccharic a.cid (Found : C - 48-74; H ■- 7*24 ; OMe - ■ 2ttt); 
OFt -- 29-5. (’oHfjOgEtAlc. re([ulres 0 4H'!)8; U ~ 74:^: 

OMe = 2lT; OFt — 30'G per cent.). The coniiiosition of the 
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ester was confirmed by titration, ^lien 0-2000 gram required 14*4 
c.c. of iV/lO-alkali for complete hydrolysis (Cate., 14-3 c.c.). 

For c^l‘l63, the specific rotation in absolute alcohol was 
and the activity remained permancJit in this solvent, 
same constancy in rotation applies to solutions in 50 per cent, 
aqueous alcohol, thus confirming the ahscncc of a lactone ring. 

Prepamtion. of Lead Dimethyk(fccharak\ 

An arpieous suspension of ethyl dimethylsaccharate was heated 
in a boiling- water bath with excess of lead hydroxide for four 
hours, in which time the rotation became eonstant. After filtration, 
dissolved lead was precipitated by means of ear bon dioxide and the 
liquid again filtered. A syrup remained after evaporation under 
diminished pressure, and on the addition of alcohol the lead salt 
separated as a w-hite, crystalline powder. This was removed, 
washed with absolute alcohol, and dried in a vacuum (Found : 
OMe'-12-7; Pb = 46-S. requires ()Me = 13-9; 

Pb — 4G-7 per cent.). This result confirms the loss of a methoxyl 
group during the oxidation and excludes the possibility of con- 
fusion between the diethyl derivative of a dimethyl saccharic acid 
and the monoctiiyl derivative of a trimethyl saccharic acid. 

The above investigation was carried out in connexion with the 
Carnegie Trust Keseareh Selicmc, and wc desire to express our 
indebtedness to the Trustees. 

CiuourAL Reseaecii Labor AT uiiY, 

UxlTED CoLI.KCE Oi’ 8 t. SAI.VATOR AND St. LkONAKD, 

Univkbsitv Oi' jSx And!u:\vs. [Rd'cicciJ, Mwj 3Lsf, Hl22.] 


CXLVL — The Quateniarji System Potamum Sulphate- 
Magnemiim S id phate- Ammon i u m Sulphate-Water, 

By Akxolu \Veston, 

Of the three ternary systems, (i) KoSO^-MgSO^-H^O, (ii) MgS 04 - 
(XH4)2S04 -Ho 0, (iii) K.S04-(XH4hS0 .j which are of import- 
ance to the study of this (piaternary system, the first has been closely 
investigated (Rnozebo(un, '■ Oie Hoierogene Oleiehgewiehte vom 
Standpunkte der Pliasentehio. ' 111, 1. IfiS: van dor HiTde, 7 j , 
phlsiM. Chnih. ISthh 12. -Ufi). and is of eon.dderable importance in 
the study of the oeeanie salt de])nsits, Ju this system, the solid 
phase existing between - 3’ and ^2' is the double salt, 
K2SO4,MgSO4,0H2O, known as the mineral schdnite, and which, for 
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brevity, will hereafter be represented by 8 k. It is decomposed hy 
water and can exist only in solutions which contain excess of 
magnesium sulphate. Tlie second system has not been investiga,tytl 
systematically ; but it has long been known that the double salt. 
Mg804,(NH4)2804,6Ho0, can exist as a solid phase. This double salt 
which is analogous in composition to schonite, it is proposed to call 
ammonium schonite, represented hereafter by S.nhi' doconi- 

posed by water, that is, the system is a true binary Hy.steni 

and the solubility of ammonium sehdnite has been determined by 
Sliilcler {Sekeik. VcrhandcL, 18G4, 22G) up to 75°. The third system 
has not been completely investigated, although it is well known that 
the two salts are miseible in. the solid state and separate from their 
mixed solutions in the form of mixed crystals. Solubility deteriuin- 
atioiis were made by Riidorii {Ber., 187^, 6, 485) of ammonium sul- 
phate in potassium siilpliatc solutions and vice vensa, but this 
investigator did Jiot realise the im]>ortanco of determining the 
composition of the solid phase. It is also known that the two 
double sulphates, Sk and are isomorphous and separate from 
mixed solutions in tlie form of mixed crystals (Rctgers, Z. ’phjsikai 
Chm.^ 1890, 6, 193}. It is to be expected, therefore, that in 
the quaternary sy.stem K.28O4 lVlgS04-(X 114)2804-1! j,0 there will 
be found as solid phase.s : (i) a potassium sulphate^ammoniiun 
sulphate mixed crystal and (ii) a sclionitc-ammonium schonite 
mixed crystal, and the original object of the present investigation 
was to determine the conditions under which schonite could be 
crystallised from solutions uhicli contained ammonium sulphate 
in addition to its two simple constiiucJit sulphates; tliat is, to 
determine the liiiiits of stability of .scliojiile, iii the form of its mixed 
crystal, in contact with quaternary solutions. 

The quaternary sy.';tem has therefore been investigated at 30 , 
and the three fundamental ternary systems lun'e been .submitted 
at this, and some other temperatures, to a closer study than they 
have previousl}’ received. 


K X r E R I M !•: X t .\ i. . 

General Method of Procedure . — The .salts were mecbaiiically nii.xed 
in known prc])ortions and water was ad(l(‘(l until they were just 
dissolved at temperatures about 15° higher than that of the iso- 
thermal ; the mixtures wei'c next stirred in tlie thermostat for sojiic 
hours7 and then, after settling, samples of the solutions and of the 
residue were taken for analysis. The temperature of the thermostat 
was kept coJistant within 0-05' })y means of an eleetrical control; 
for the isotlienuul at (XU a gas-heated thermostat was used, tliC 
temperature of whioli did not vary by (M 
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Ammonium was estimated hy the usual distillatioji method; 
magnesium by means of the Gibbs s phosphate metliod, and the 
sulphate by precipitation as barium sulphate. When necessary, the 
‘Hotal solid ” was estimated by evaporating a knovn volume over 
tlio water* bath and drying to constant weight in an electric oven, 
ffgulatcd at 1 20 . 

When mixed crystals occuiTod, the procedure was modified, 
because it then became necessary to deal only witli very small 
residues, which were obtained hy adding water to the mixtures until 
they were just dissolved at temperatures only two or throe degrees 
above that of the isothermal. 

The Ternary System K2S04-:\lg80^-H,0 at 80". 

The results obtained in tliis system arc shown in Table I and 
represented within a triangle in Fig, 1. 


Table I. 

K^SO^-MgSO^-H^O at 30 ’. 
Solution. Residue. 


,K,SO,. 

%MgSO, 




"oH.O. 

Solid phase. 

1 1 -20 

0-00 

88-80 


— 



K.SO, 

llais 

:\ir, 

84-r)T 

Uiovpi 

gliablc Mg 

ppt. 


1201 

9-4<) 

77-87 




]2'47 

12-88 

74-0.7 

30-80 

27-43 

32-73 


11-06 

13-10 

77-1.3 

41-02 

28-40 

30-42 


.S-M) 

I S-IKS 

73-33 

38-04 

2,8 -iJO 

33-30 


o-a:> 

20-Ud 

07-02 

37-10 

20-01 

32-00 

Mixed crystal 

(i-oo 

20-27 

07-13 

2.3 -.3 .3 

3 , 3-37 

38-88 


0-00 

2()-2!l 

07-11 

22-1 lU 

3 , 3 -SO 

42-20 


■vas 

20-20 

07-82 

1 1 -28 

40 !)2 

17-8U 


4-:5() 

27-4S 

OS- 10 

.3-00 

30-73 

34-30 


:!-4i 

27-Oli 

08-i)(l 

ins 

42-2S 

30-04 


0 00 

20-03 

70-07 

ll'IKI 

4S-7S 

,31-22 

Mg8Dj,7H,0 


The eom])osition of the doulilc salt (S^) is 43-2()^'„K.,S(Ai :21)’88% 

MgSOi:2C-8G^:oHjO. 

It was to he ex 2 )ec'tcd that tlie isotlierni would sliow three satur- 
ation curves, namely, those of potassium sulphate, schdnite, and the 
licptahydratc of magnesium sulphate. It vill be seen, however, 
that solutions represented (ui the curve CD, ending on the side 
H 20 -MgS 04 of the triangle, are not in equilibrium with the pure 
heptaliydratc of mag]iesium sulphate, b\it with mixed crystals 
which contain both potassium and magnesium sulphates. , It will 
he seen from the diagram that there is no indication of the separation 
of mixed crystals from solutions represented hy the remaining two 
saturation curves, .-I H and B( \ As far as the aut hor is aware, these 
i>olliermal saturation curves have not ju’evinusl)' l)een investigated, 
hi spite of their great importance, and the fact that mixod-erystal , 
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formation has not previously been reported must be ascribed to 
this omission. The work of van der Heide {loc. dt.) was couiii^t^j 
to an investigation of the polythcrmal saturation curves and 
defines only the positions of the isothermal invariant points B and 
C, Vail der Heide showed that : (i) schonite in the presence of its 
saturated solutions, is unstable below — 3 °, breaking down into its 
constituent simple salts ; (ii) there is only one cryohydric point in 
this ternary system, namely, that corresponding with the eutectic 
ice-K2S0^-l\rgS04,7H20-saturated solution, the temperature for 


Fig. 1. 

The Ternary Sj^stm KjSOi-lMgSOi-H^O at 30k 
HjO 



this point being — * (iii) in the binary system MgSOj-H^O, 
when ice and MgS0.i,7Il20 are in equilibrium with the saturated 
solution, the cryohydric temperature is — Thus the cryohydric 
temperature is act n ally raised by the addition of a third com- 
ponent (K28O4}. This observation is coutrary to theoretical 
deductions if we assume tlio solid ])liascs to ])e of constant cnni- 
po'sition. This point is commented upon by Selireinemakers 
(Ro()zel)oom, op. r//,, ]). I!hl) and may now’ be satisfactorily cxplaitu'd 
l)y the observation that magnesium .sulphate may separati; in the 
form of a mixed crystal from solutions wlricli contain potas.'iimi 

* These temperatures were confirmed iluring tlii.s research. 
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giilphatc. Since the lines IIK and 1) lie very close 

together, and since mixed crystals occur on one side only of the 
ji^variant point C, it is very difficult to draw any conclusion as to 
the exact nature of these mixed crystals ; and it is equally difficult 
to determine the two solid phases Avhich are in equilibrium with 
this isothermal point C\ Van dcr Heidc assumed . them to bo 
schonite and magnesium sulphate heptahydrate, but this is certainly 
{lot the case. It is to be noticed, hoM'ever, that the system 
FeCl^-NH/Jl-H^O shows an almost similar behaviour (l^oozcboom, 
pfu/sikal. C7iem., 1892, 5, 148). Finally, attention is directed to 
the very large changes which take place in the composition of the 
mixed crystal with small changes in the 'composition of the solution. 

The Ternary Hyskm MgSO^ (XH 4 } 2 S 04 -IIo 0 . 

The results obtained in this systcin are shown in Tables IT and 
Jib and are represented within a triangle in Fig. 2. 

Table TT. 





Solution, 



Re.d<luc. 


MgS)4. 

0/ 

(NliptsO 

H,0. 

MgSO,. 

(NH.LSO^. 

11,0. Solid phase. 

o-oo 

43-GO 

5G-40 

— 


- (Nib), SO* 

u-:u) 

41-20 

58-50 

27 -83 

37 '9!) 

34-21 ^ 

1-25 

20-15 

72- GO 

29-40 

35-50 

35-10 

3‘0l 

19-17 

77-82 

30-20 

35-1 () 

34 -(>4 

7’:50 

10-.55 

82-15 

31-73 

34-02 

34-25 

S-Tl 

9'.57 

81-72 

32-93 

30' 17 

30-90 

i)'(it) 

8-97 

81-37 

27-05 

2‘077 

4318 

l(v5;} 

(i-:u 

77-10 

31-10 

34-23 

34-07 

20'2<J 

4' 55 

T5'25 

30'i)2 

31-88 

37-50 

27- to 

2 -98 

09-42 

32-07 

28-51 

39-39 

2o-o;i 

0 00 

70-97 

18-78 

o-oo 

51-22 MgSOpTHjO 

The composition of the doidde salt (SMg) ‘>3-93bj^Ig^b)i : 36-67% 

(XH,),,SO. : 30%H,O. 







T.', BL 0 

111. 




3IgSOj-(XIb)./K' 

^-H,0 a( 6(1 



Solution. 



K'.vPUiie. 


O' 

MgSO,. 

(XHibSO 

4. H.o. 


(NhJ.sOj. 

ll?(9. Solid phase. 


40-80 

53-20 


— 

1 (NH^l.SO* 

t-GS 


08-55 

•J!)-41 

35-05 

34 'Oi 5 

.rOG 

24-37 

"('-58 

30 '09 

35'lHI 

34-22 1 

il-92 

14-27 

73-Sl 

30-25 

33-S5 

35-90 1 

i2-(;r) 

J3'88 

t;;'47 

32'i)3 

30-17 

30-9(1 , Smu 

lo'04 

11-91 

73-05 

31-35 

34-09 


2(>-S.'> 

r»-s.7 

07-30 

31-S4 

al-S.i 

.>0'jl 1 

:U‘Ju 

3-08 

04-92 

33-04 

2S-5T 

38-39 7 

35-24 


04-70 

52'03 

— 

47-37 MgSOj.iilbO 
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The isotherms in this system at 30° and 60° show three saturation 
curves— those of the magnesium sulphate hydrates, ammoniuin 
sulphate, and ammonium schonite. It will be seen that ammoniuui 
schbnite, unlike schonite itself, is not decomposed by water and is 
stable, in contact with a very wide range of ternary solutions, at 
both the experimental temperatures. So much was this the ease 
that the saturation curves of the simple salts Avere not expcrinient* 


Fig. 2. 


The Ternary System at 30= and at (30=. 


HjO 



ally realisable. The isotherms in Fig. 2 arc, in fact, diagraumiatic 
to the extent that these curATS, as sJiowii, cover too large a range; 
the isothermal invariant points lie nearer the sides of the triangle 
than is shoAvn in the tigurc. 


TJip Tf'.rnary Kj,S 04 -(NH 4 ) 2 S 04 -H 20 , 

The re.sults obtained in this system are shoAvn in Tables IV and I, 
and are ropresentod in Figs. 3 and i. 
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Table IV. 


at 30^ 


Solution. 



Ilesiclue. 


Solid phaf5e. 

i' &*. (N’hXso,. 

II,U. 

K.SU*. 

(N'hI^o,. 

Bj). 


00 44-2 

Gj-8 

— 

— 

— 

(XlIJjSO, 

42'7 

f)G-l 

IG 

90-3 

8i', 

9G'7 3-.3 

o.A 40'9 

50*7 

221 

Gi)'3 

8'G 

8T'8 12-2 

Vl 37-8 

Dl) 33*0 

&i 310 

581 
00- G 
02 -G 

33-9 

■)0'S 

G2'2 

07-8 

42-3 

30-0 

S'3 1 
G-9 

7 '8 

iMixed 

3S-7 Gl-3 

<]■! 18’5 

72'4 

84'U 

12-7 

:{-3 1 

2o-8 74‘2 

10-7 8-4 

80-9 

93-2 

31 

3'7^ 

i-8 98-2 

11-2 0-0 

88-8 

— 

— 

r- 

K.SO, 


Table V. 

at 2r)\ 



Solution. 



Kcsidue. 


Solid phase. 


(xrrjjSo,. 

~u^. 

KjSOj. 


HjO. 



o-o 

100 

129-8 

— 

“ 

— 

(XHJ,SO, - 

100 

4 28 

9o'72 

133-9 

11-05 

88-95 

40-70' 

12 

80 

?41 

92-r>9 

139-G 

18-81 

81-19 

03-72 

1 28 

72 

!i‘7G 

90-24 

143-9 

25-02 

74-9S 

70-85 

1 Mi.xcd 

crystals jl;; 

00 

1M4 

14-73 

88-8G 

85-27 

153-0 

171-8 

40 -3 G 
57-14 

59-G4 

42-80 

47-11 

30-841 

47 

31 

24-80 

75-20 

237-5 

G7-78 

32-22 

03-48 1 

84 

10 

4G-99 

5301 

393-5 

88-82 

11-18 

42-03^ 

' !)4 

0 

100 

0-0 

834-5 

~ 

— 

— 

K.,SO^ 100 

0 





Fi(^. 3, 





The Ternary SyMtm K.SO;-(XHJ,SO,-H.,0 at m\ 
' il,0 



KjSOi 


(NHJjSO, 
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Tho isotherm obtained at 30° is given as usual within a triang]e. 
but the method of Janccko has been used to rcpresejiit that at 25'* 
In the latter method, tlio weight of water contained in the saturated 
solution formed from 100 grams of the mixed salts is plotted bv 
means of rectangular co-ordinates against the percentage com. 
position of the salt mixture. This method is used for the 2.? 
isotherm because it greatly facilitates the deduction of quantitative 
data of the kind illustrated in the later discussion. 

At each temperature the isollicrm sho\vs only one curve, a con. 
ihiuous scries of mixed crystals being formed between the two 
sulphates. The compositions of the mixed crystals which arc in 


Fm. 4. 

The System K 2 « 0 ,-(i\Ib)„S 04 -Bj 0 at 25^ 



equilibrium with the \'ai'jous saturated solutions have been read oft 
from the isotherm (Fig. 4) aiul arc included in Table IV. The curve 
in Fig. 5 sh.ows tlie relation which exists between the composition 
of the mixed crystal and tliat of the salt mixture, contained in the 
saturated solution witli which the ciystal is in equilibrium at 2D" ; 
the compo.sition of the mixed crystal is represented on the vertical 
axis a.ad iiiat of the salt mixture in solution on the horizontal axis. 
A .system in wliich the mixed crystal had always tlie same coin- 
pofsition as the salt mixtnni in solntio]i would be represented in 
such a diagram by a .straight line, lusocting the axe.s. 

The curve in big. 5 shows at once that over almost the whole 
range the mixed crystal is far riclier in potassium sulphate than is 
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the corresponding dissolved mixture. Further, tl/o exceedingly steep 
rise in the curve as the composition of tlm mixed cu'ystals approaches 
to pure ammonium sulphate shows tJiat very small changes in the 
composition of the solution in this region (‘ffocl very largo clianges 
in the composition of the corresponding mixed crystals. Hence, as 
'the solid is separating, the composition of hoth liquid and solid is 
changing rapidly. It is thus necessary to work with as small a 
separation as possible. 

The maximum efficiency of recrystallisation, at 25 ', can very 
readily 1 )C calculated by means of Figs. -1 and d. 

Suppose it is reipiired to separate a mixture containing 50 per 
cent, of potassium sulphate and 50 per cent, of ammonium sulphate. 



Ll'inki ijJtosr 


Suppose the mixture be dissolved in water and allowed to crystallise 
at 2 .F, When the solution tirst becomes saturated, it will have 
(lie composition given hv the point A in Kig. 4 , tliat is : — 
501X2804 : 50(NH4)2804 : 42OH2O. The first iiiixederystalstosoparate 
will therefore have the composition given hy the point A in Fig. 5 
9.)K2S()4 : 5 (X 114)2804. As water continues to evaporate, the 
solution will become riclier in ammonium sulphate (the more soluble 
constituent); let us suiipose that crystallisation is allowed to pro- 
ceed until the saturated solution attain the com posit i«i -§iven 
hy the point B on the saturation curve in Fig. A, that is ; — 
25K28O4 : 75(XH4)2804 : 24OH2O. Tlie composition of the last 
mixed crystal to separate will then be gi^'en by the point B in 
Tig. 5 , namely;— S4K28O4 ; 1G(XH4)2804. The composition of 
the .solid depodted during this process can be assumed to be- 
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tlie average of the first and last mixed crystals, iiaitielv 
SO-oK^SO^ : 10-5(NH4)2S04, Tf, therefore, starting from solution 
^1, X parts by weight of solution B arc obtained, depositing y parts 

weight of the “ average mixed crystal and evaporating t parts 
by weight of water, the following mathematical identity holds good ; 

[o0(NH4)28O4,50K2SO4,420H2O]-.r[75(NH4)2SO4,25K2S04,24011.,0i 
-[- ytl0-5(NH4)2SO4,89-oK2SO4J -f ^HaO, 

and by equating the weights of ammonium sulphate, potassiiun 
sulphate, and water on each side of the equation the three following 
simple simultaneous equations are obtained : 

(i) 7ar + 10-oy = 50; (ii) 25, r -|- 89-5y ^ 50; (iii) 240,r 

which work out to give : — x — 0‘612; y — 0-388; z 273, 
Therefore, starling from a saturated solution containing 100 graius 
of the mixed salts in equal (quantities, it is possible to separate, in 
one erystailisation, 38 -8 grams (100 y) of crystals which contain 
only lO'O per cent, of ammonium sulphate, and leave in sohition 
Cl -2 grams of mixed salts which contain only 25 per cent, of polas.sium 
siilpliate ; in order to do this it is neces.sary to evaporate 273 grain.? 
of water. The effect of a second crystallisation may he calculated 
in the same way. 

The Quaternary System K2S04-3IgS04-(XH4)2S04-H20. 

The isotherm in the quaternary system K2SO4-;Mg8O4-(XH4)2S04- 
H.,0 has been drawn from the results given in Table VI and is .sliown 
by Janecke's method in Fig. G. 

There are only three solid phases wliich can occur in this .system 
at 30"’: the.se phases arc magnesium sulphate heptahydrate; the 
simple salt mixed crystal {of pota.ssium and ammonium sulphates), 
which for brevity will be referred to as [K2(1S'H4),,]S04 ; and the 
double salt mixed crystal (of potassium and ammonium schonitc.^), 
which, similarly, will be denoted by SK-xir,. In the isotherm, 
there are, accordingly, three heids, qioints in which rejMCseiit suhi- 
lions saturated respectively with each of these three solids. These 
fields are appropriately marked in Fig. (3. The saturation tields are 
separated from one another by saturation curve.s, the qwint.s of 
which reprc.sent solutions saturated with tu o of the solid phases. 
Thun puifits on the curve AB of Fig. 0 represent solutions simul- 
taneously saturated with both tlie simple salt and double salt 
mixed crystals, [K2(NH4)2]S04 and It ends in points! 

^4 and B, whicli represent ternary solutions simultaneou.sly saturated 
with both simple and double salt. Thus at .4 . . . K2SO4 4- 
■and at B , , . (NH4)2804 -j Sxir,. A number of points liave 
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been determined on this saturation curve, AB, and in the two 
which arc hounded by it. 

The curve CD is tlie quaternary saturation curve of the two 
solid phases, Sk-xh, + MgS 04 , 7 H 20 . It runs continuoiiMv 
between the points C and D, which represent ternary solution^; 
saturated vith the solids SK-f-MgSO^jVIIgO ^^nd Sxn, + MgSO^,7H,0 
respectively. This curve lies too near the side of the triangle "to 
be readily realised experimentally and no points, except the terminal 
points, have been determined on it. Similarly, the saturation Hold 


Fni. 0. 

Tlic Quakfnuru Siji<icui al 1>0\ 

KSO, 



of magnesium sulphab' lieptahydrate is too small to ijc easily 
investigated. 

Tlic system formed i)y water and tlie two double salt.s Sr and 
Sxn, is represented in Tig, C by the .section Sr-Sxji, of the 
i.sotherm. Tins line traverses, for the greater part of its length, the 
satvm-t:;-;n tield of the double salt mixed crystal, Sjc-xir,. bince 
the composition of this jnixed crystal can always be expressed iti 
terms oi Sr and the system tSR-Sxn^-HgO behaves, in 

this region, as a true tenuary system, perfectly analogous to the 
sy.stem KgSOi ■ i ^ ^4 Hd ) . 

With regard to the crystallisation of schbinto from ternary and 
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from quaternary solutions, we may, therefore, draw tlie folIoM-iiig 

conclusions : 

Unsaturated solutions prepared by dissolving schdnite alone in 
M-ater (or its constituent siinjde salts in tlic correct proportions) 
vnll always deposit iirst the simple salt, potassium sulphate, on 
concentration, and not the double salt itself. UnsaUiratcd solu- 
tions prepared by dissolving a mixtures of sehbnite and ammonium 
^ehoiiite in water (or the constituent simple salts in the eorrect 
proportions) may, on concentration, first deposit a doiible salt 
nii.xed crystal containing sehonitc and ammoniuni sehbnite. 

Referring, again, to the isotherm in Fig. G, wo see that the line 
Sk-Sxit. traverses, for a short distance, 'the saturation field of the 
simple salt mixed crystal, [K 2 (XHj 2 ]‘S(),i. Tlie composition of this 
mixed crystal evidently cannot be expressed in terms of Sk and 
Sflx, alone; in other words the system *Sjv-Sxij--H,0 in this 
region ceases to be ternary. 

With regard then to the crystallisation of ammonium sehbnite 
from ternary and from qiialei'nary solutions, the following deduc- 
tions can be drawn : 

linsatiirated solutions foimied by dissolving ammonium sehbnite 
alone in water {or its constituent simple salts in the correct pro- 
portions) will dcpo.sit lirst the double .^alt itself on concentration. 
Fnsaturated solution.s formed by dissolving a mixture of ammonium 
sehbnite and sehbnite in water (or their constituent simple salts in 
the correct proportions) may, on coiiemitration, first deposit a simple 
salt mixed crystal coiilaiiiiiig anmionium sulphate and potassium 
sulphate. 

The system Sk-Sx-u^-H^O wliich has just been discussed was 
investigated experimentally at 3(b. ddic results are given in 
Table VJl and are represented graphically within a triangle in 
Fig. 7 ; the results are here givcm and jjlottcd as percentages of the 
anhydrous double salts. The point F in this hgurc corresponds with 


Table \T1. 

K 2 SO^,MgSOj : {XHjl.SOj^FgSOj : H.O at 30b 
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tlie point F in Fig. 6 in which the line Sk-S^b* cuts the curve 
This point fixes the limit of the system Sb-S>-h,-H 20 as a true 
ternary system ; the solution which it represents has the approximat 
percentage composition 4-3 S.vh, : 1^0 -TSe : VSHgO. This mixtuj^ 
of double salts {4-3SNn4 20*7 Se) represents a limiting mixluj-g 

in the sense that mixtures richer in ammonium schonitc than this 
when dissolved to form an uiisaturated solution, and then cvaporatecl 
at 30°, will deposit first the double salt mixed crystal ; but mixture^ 
richer in sehonite than this, when dissolved to form an unsat urated 


Fig. 7. 

The Ternary System Sj;-SmIi“H20 at 30^ 
HjO 



solution, and subsequently evaporated at 30°, will depo.dt first the 
simple salt mixed crystal. It is sccui that the saturated solutions 
represented in Fig. 7 by i)f)ints situated to tlie right of F, lie on a 
continuous curve — the tiunary saturation curve of the double salt 
mixed crystal. Saturated solutions fornu'd from mixture.s of the 
douH?-:alts still richer in .sclionile than the mixture contained by 
the solution F could not be represented by points in the triangle 
Se : Sxn* : lU^b that is, their composition could not be expressed 
in term.s of these three substanee.s alone. 

If the curve' OF be continued beyond F (as slio wn doited in Fig. 7)j 
it will meet the side II^O-Sk of the triangle in a ])oint 7/ repre.senting 
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a solution of the composition 27 per cent, of Sk and 73 per cent, of 
vatcr. This gives the composition of a saturated solution of pure 
schonite in water~a solution which, if it can exist at all, can 
only oxist as a metastable phase, supersaturated with rc.spect to 
potassium sulphate. 

Approximately the same value for this “ metastable solubility ” of 
schorite in water is given by the point in which the metastable 
prolongation of the saturation curve CB of schonite in the ternary 
system K 2 S 04 -MgS 04 -H 20 (Fig. 1) interscct.s the line H^O-Sk. 

‘ Other systems which are represented at 30" by sections of the 
isotherm in Fig. 7 are and S\-h -K oSO^-HgO. 

The behaviour of these systems may be' readily deduced from the 
quaternary isotherm. 

Finally, the author wishe.s to take this opportiuiity of expressing 
his thanks to Dr, 1). A. Clibbcns for the interest he has taken in 
this work. 

The Schuxck Laboratorv, 

Te(e Untversitv, Maxcilester. 'Ricciced, A foil Ath, 1922.] 


CXLVIL — The Dissolution of Gelatin, 

By Fred Fairer other and Knock Swan. 

If a piece of dry gelatin be placed in water, it will take np water 
and swell, and at the same time a certain amount of the gelatin 
will pass into solution, the prc.sence of wliich can be sliown by suit- 
able precipitating agents. 

Hofmeister, in his original observations on the swelling of gelatin, 
remarked that wlien the jelly had swollen, the superficial layens 
tended to go into solution, especially if the medium were acid or 
alkaline. H. II. Fischer (“ Edema and Xephritis “) has shown in a 
qualitative way that gelatin and other proteins tend to dissolve 
ill dilute acids or alkalis, the solubililv being larger the greater the 
duTTgence from neutrality of the medium. Kuhn [KoU. Chern, 
Beikefie, 1921, 14, 148) mentions the solubility of gelatin in organic 
acids. No quantitative estimations of this solubility," however, 
a])])ear to have been made. 

8e\eral workers liave investigated the equilibrium ■feot'rccn 
platin and hydrocliloric acid and between gelatin and sodium 
hydroxide (for example, Procter, T., 1914, 105. 313: Procter and 
|Vilson, T., 1916, 109, 307; Lloyd, Biochm. J., 1920, 14, 153; 

J. Gen. Fhysiot., 1918), but have confined their attention, as 
regards the gelatin, to that enclosed in the gel. Procter (1914) 
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states that the jclljf salt “ camiot diffuse from the jelly owing to 
colloidal nature of its cation.” 

It has generally been assumed that the gel acts as its own semi 
permeable membrane, preventing the diffusion of the gelatin 
enclosed in the gel into the surrounding liquid. This mav be 
blit the formation of a Donnan membrane equilibrium, vhich it 
has been assumed is set up when a gel is put into acid or alkali 
necessitates the absence, or different concentration, of gelatin ioni 
in the outer liquid. 

In order to account for the presence of gelatin in the surroumliurr 
liquid, it is not necessary to assume that the outer layers of the rrd 
are permeable by the enclosed gelatin. If gelatin, wlien put into 
an acid (or alkaline) medium, can form gelatin salts uitUn the M 
by the diffusion of the inorganic ions into the gel, it is scarcely less 
likely that the outer layers of gelatin, through which the inorganic 
ions have to pass, will in a like maimer form salts, which, if the salts 
are soluble, will tend to diffuse away into the surrounding raediuta 

It lias been showji that gelatin does possess a measurable, if 
small, osmotic pressure (Lillie, Amcr. J. Physiol., 1907, 20, 12): 
Biltz, Z. physikal. Che.m., 1910, 91, 705). Lloyd (loc. cit.j .states 

the fact that the internal phase of swollen jellies can be sliown to 
contain gelatin li 3 xlrochloride as a non-gelling compound shows that 
the colloidal ion must be diffusible and must therefore exert an 
osmotic pressure.” 

Moreover, we have shown that gelatin in solution can diffuse at 
an appreciable rate in the absence of any membrane by coverint; 
gelatin at the bottom of a tall eylindcr with water or dilute hydro- 
chloric acid, and after allowing the .system to remain undisliirbed 
for a few weeks, demonstrating its prose nee at the to]i of tlie 
cylinder. This experiment was peilormcd with dry^ gelatin, and 
with dialy.sed gelatin. On the other hand, no diffusion could he 
detected through a parchment-paper thimble. 

It may possibly’ be (jbjected that the sui)stance wiiicli appears in 
the surrounding liquid when gelatin is put into water, or acid, or 
alkali, is a soluble di'composition product tliat was present in the 
gelatin, To a small extcuit tliis may be the case, but it cannot he 
mainly so, for gelatin which has been dialysed for a considerable 
time, and also gelatin which has been washed with dilute hydro- 
chl%?j5«w?id and dialysed free from acid, when put into water, behave 
in a .similar manner. ^Moreover, with progressi\'ely increasuig con- 
eenirationuf acid or alkali, more and moregrdatin goes into solution, 
until finally the gelatin is wholly dissolved. The size of the mole- 
cules of the dissolved substance is indicated by the fact tliat not a 
trace would diffuse through a parchment thimble. 



fAlRBROTHER AND SWAN : THE DISSOLUTION OF GELATIN. 1239 

The following experiments indicate the ‘\solubility ” of freJatin 
ill different solutions under various conditions. ^ 

E X F E R 1 E N T A L . 

}[atenaU.—Thc gelatin used was Coignet’s Oelatin Extra (Gold 
Ubel). The sheets were cut into long .strips, wh ich were well mixed 
and furtlier cut into squares of approximately J-inch side. 

Tlie majority of the experiments were performed willi the same 
sam])Ie of gelatin (A) ; but owing to a larger number lieing carried 
out than was originally planned, it wa.s m-eessary to uscranother 
sample of the same brand (B) for some of the later experiments. 

The analyses of the gelatins were as follo^vs : 

Ash. Water. * 

A 2-24% lOTo^ 5.Q 

1-13% 5.4 

* solutions wore mca.siij'ed against i]ie hydrogen electrode at 20'’. 

The tannic acid was tannic acid for medicinal purjioscs, llie 
same sample being employed throng} tout the experiment.s. 

The inorganic materials were as pure as could ijc obtained, the 
salts being further rccrystallised several times. 

Estimation of Gclatin.~~Tho concentration of tlio gelatin to be 
estimated was of the order of O' J per ccuit. and less. It is immediately 
oh\ious that the e.stimation w'as a matter of some difficultv, because 
gelatin in very dilute solution gives no visible or filterable precipi- 
tale with many of the usual jirecipitating agents. Tannic acid, 
tinwevcr, gives a precipitate which can bo lillercd, even with solu- 
tions as dilute as 0'002 per cent. ^Vith regard to the nature and 
eomposilion of tliri precipitate, tlierc is much conllicting evidence. 
Davy [Phil Tra}i.<^., 1803, 233), Lipovitz {Jahre^. Fort. Chemie, 1861, 
624), Kidcal (- Glue and Cluc-te>ting,-' 1900), :\Iiilclcr and Williams 
(Allen, ’‘Commercial Organic Analysis,’' iv, pp. 403, 484), and 
Doltinger {Procter's ” Princi])lcs,'‘ p, 03) each give a different ratio 
of the amount of gelatin to tiiat of tannin in the precipitate. 
According to Irunkel Z,, 1910, 26, 4oS), the reaction is an 

adsorplion phenomenon. Wood (./, .8ec. Chrm. Jud, 1908, 27, 384) 
found the ratio to vary with tlic concentration of the solutions 
and the time. 

By defining the experimental conditions and estimatirrg^thc 
amount of precipitate obtained from a given W'eight of gelatin, it 
v\as found possible to emjdoy this tannic acid-gelatin precipitate 
as a moans of estimating gelatin. 

file method ailoptod in tlio estimations was as follows, 
fwenty c.c. of the gelatin solution were, in the case of the acid 
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and alkali cxperinicnts, neutralised with potassium hydroxide op 
hydrochloric acid of suitable concentration, using neutral-rod as 
indicator. Control experiments indicated that tlie preseiico of 
potassium salts in concentrations of the order of those met in 
the experiments did not affect the amount of precipitate obtained 
in fact, in the presence of the salts the precipitate was more easilv 
filtered and washed, being coagulated and less gelatinous. 
electrolytes were otherwise absent, 1 c.c. of iY/20'potassiiuu chloride 
was added. 

The total volume was made up to 40 c.c. with water, and 20 c.c 
of a 1 per cent, solution of tannin added. The precipitate Mas 
kept at 0^ for half an hour, filtered through a tared filter, and then 
washed with water at about 50° until the concentration of tannin 
in the filtrate as showm by the colour developed with ferric alimi 
amounted to less than 1 part in 50,000. Comparatively few wash- 
ings wTre required to reach this stage. The warm water canned 
the precipitate to contract, but control experiments showed that 
continued washing did not sensibly affect its weight. After being 
dried at 100°, further heated at 105° for half an hour, and conled, 
the precipitate had the appearance of a dark brow’n, glassy mass. 

Calibration curves wxre constructed, using w'eights of gelatin 
ranging from 0-001 gram to O-OS gram (dry) dissolved in 20 c.c. 
It w'as found that the ratio of gelatin to tannin was not enustant, 
but varied with the concentration. The ratio also varied slightlv 
betw'een the tw'o gelatins. 

DeierminntioR of SoJubilihj. — A uniform procedure W’as adopted 
as follow's. Quantities of 1 gram of gelatin in -|-inch squares were 
placed in conical flasks of resistance glass of 250 c.c. capacity, 
together with a few crystals of thymol, 100 c.c. of each of the 
liquids w’ere then poured on the gelatin, and the flasks stoppered to 
prevent evaporation. Control experiments show'ed that the thymol 
had no effect on the “ solubility.” 

The flasks w^ere kept for ten days in a room of fairly uniform 
temperature (15—17°), being very gently shaken once each day in 
order to assist the attainment of equilibrium. Anything in the 
nature of violent shaking, w'hich might have meclianically detatdicd 
particles of gelatin, was carefully avoided. 

It was impracticable, on account of tlie large space occupied by 
tbe^fto^s, to use a thermostat, which would have been preferable; 
as it was found that temperature is not without effect on the ” solu- 
bility.” But since the flasks in any one series, and in some cases 
in several series, were always kept together, the results are 
comparable. 

A considerable number of preliminary experiments in the case 
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(,t botli water and dilute acid showtal that there was iu> increase in 
■■ solubility ” after eight to ten days, even when the experiment was 
ooiitinued for thirty days. Thi.s i.s evidence that progressive 
Iiydrnly.sis is not the cause of tlie “.solubility. ’ .\Is(( Fischer’s 
fS)icriaieiit.s show that there is distinet dissolution within eighteen 
hours. .Moreover, Lloyd (loc. cil.) has shown tli.it thc-sponlaneous 
dissolution of gelatin in hydrochloric acid may lake place without 
any breakdown of the protein mok'cule, although a suli.sequent slow 
hydrolysis takes place. 

Kach experiment was done in duplicale; tliat is, two separate 
amounts of gelatin were kcjit in contact with two amounts of the 
^amo liipiid and the gelatin was cslihiated .separately in each. 
At the eiul of ton days the liquid was decanted from the swollen 
gelatin and filtered tlirough fairly close-grainc'd i)aper to remove 
any iiiaeroseopic particles of gelatin. To avoid as far as possible 
any disturbances due to adsorption by the filter-paper, the first 
two portions of the hit rate were ri'jectt'd ami the gelatin content 
was estimated in 20 c.e. of the remainder })y the method already 
described. 

Table I. 


Solution in 

Wafer. Crlaiin 

A. 


Kijfvt oj 

'l'ci/iprmlur( . 




Cram of dry gel at 

in in lUO 

( ,c. of solution. 

Temp. 

(1). 

(?). 

(Mean. 

22* (thermor^tat) 

O’lri 

O' LO 

U-IO 

1S-:P (thermostat) 

U'OS 

O'UT 

0-07 

1.5- -IT' (room temperature) 

O-Ua 

0-0.5 

O-Oo 

0" {ice chest) 

0-02 

OOl 

0 02 

: will be seen that the effect 

of ten] per at lire 

is cons 

idcrable. The 

lelting point of a 2 per cent. 

gel was later found to 

be about 29°. 


It would bo intore.sting to determine the " solubility " at a temper- 
ature closer to tire inelting-|)oint. The " solubility '' probably rises 
.sharply. Hardy (Froc. Ro>f. Soc.^ UlOO, 65, 9.1) found an increase 
with temperature of the gelatin ccnitent of the liquid expressed from 
a gel. 

As might be c.\])reted, the previous lii.slory of the gelatin influ- 
cnees the " solubility." as does also to some extent the ratio of, the 
volume of water to tlu' weight of gelatin, the effect of the latter 
being more marked when the gelalin is eapabh' of lakin^V^-’'^iost 
of (ho water in swelling, T'his siigge.sts that an equilibrium is set 
up between the gelatin within the gel and that in the outer liquid, 
which probably plays an important ]Uirt in the lU’oce.ss of .swelling. 
This view is supjjorted by the fact that a gelatin disk which was 
allowed to swell in the same water until practically constant weight 
VOL. CX.'Ii, XX 
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had been attained,, on removal to fresh water showed a diam 
increase in the swelling curve. It is hoped to examine this point 
more closely, in the experiments recorded in this paper, the previon;- 
history of all the gelatin employed was the same, and the ratio 
of gelatin to liquid was kept con.staiit. The importance of the latter 
condition in .the cas(5 of acids and alkalis is obvious. 

The mean of a considerable number of determinations of 
“ solubility ” of gelatin in distilled w’ater at room temperature 
gave the concentration of gelatin as O-Oo gram in 100 c.c. 

Oismkilion in Acids and Alkalis. — The initial concentration of tjie 
solutions varied from 0*2 to bOOO millimols. per litre. 

As will be noticed, there is distinct e^idence, in the case rjf the 
acids, of a minimum " .solubility lower than that in pure water. 
This is interesting in vieu' of the w ell-known minimum in the. swrll- 
iiig curve of gelatin in acids and in the osmotic pressure curve 
obtained by Lillie. In the ease of nitric acid it was not found 
possible to establish a miiiimuni “ soluliility.'' A minimum muw 
exist, but it was not detectable with the method of ostimatiou ri 
gelatin employed ; estimation of the gelatin by means of its nitrogen 
eoiiteiit may, however, suffice to settle the point. 'Phe miiiiiiiijin 
with acetic acid is also not well defined. There is no evidence ol 
any minimum in the case of the alkalis, and the amount of gelatin 
dissolved increases much more rapidly with the concentration than 
in the case of acids. 

In Tabic II the initial and liiial concentration.s of the acids and 
bases are given in millimols. per litre, and the coneentratimi of 
gelatin (of which the mean values are given) in grams per 100 e.c, 
of final liquid. In tliree or four instances onlt* did the weights of 
gelatin in similar exjieriments differ by more than 0-01 gram per 
100 c.c. of final li(|uid ; duplicates -wero commojily idcntieai. '' Ail ' 
signifies that the gelatin dissolved completely. The concentration 
0-0 refers to experiments made in distilled water. 

Gelatin showed less solubility in solutions of neutral pola.-siu!n 
salts than in pure water, the effect of the salts being appimimately 
ill the order of the Hofmeister series, 0-05 JI- potassium citrate 
decreasing the gelatin eontent to less than 0-02 per cent., whiht 
in potassium thiocyanate solution of the same eoiieentratjon there 
was no detectable difference in the " solubility ” from that in pure 
watq ]:.. , , The salts of the other anions of the series proiluced 
corresponding effects. 

The concentration of the salt solution seemed to have little or no 
influence between the limits 0*02 M and 0-2 M. 

It w’ill be seen, therefore, tliat under experimental conditions 
, similar to those obtaining in the determinations of the swelling of 
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gelatin carried cnit by dillerent workers, an appreciable amount of 
gelatin passes into solution. This dissolved gelatin, whatever its 
state of aggregation, cannot he neglected in any complete con. 
sideration of the equilibrium between gelatin and acid or alkali. 

Summary. 

(1) It has boon shown that W’hcn a gelatin jelly is in C(|uilil)riu]u 
with water or dilute acid or alkali, gelatin exists in solution in tlie 
liquid surrounding tlio gel. 

(2) A number of determinations of the extent of this dissolution 
have been made, the precipitate of tamiiii with gelatin being used 
for the purpose. 

The '‘solubility'’ curves show’ a similarity to the swelling 
and osmotie pressure curves of gelatin. 

(4) With the exception of the minimum “ solubility ” in the ease 
of acids, gelatin dissolves to a greater extent in dilute acid or alkali 
than in water. 

(5) Neutral salts decrease this " solubility.” 

The Chemical Depaetmext, 

The Umversitv, .Manciiesteh, [hWxlvr(i, Mnych Uy, 


CXhYllL—Liwits for the Propagation of Flamt in 
Yapour-Air Mixtures. Part 1. Mixtures of Ah 
and One Vapour at the Ordinary Temperature and 
Pressure. 

By Albert Greville White. 

Accurate work on the limits for the propagation of flame in 
inflammable gas-air mixtures has been chiefly confined to certain 
permanent gases and a few’ hydrocarbons. Despite the gmu 
importance of a thorough knowledge of the inflammation pTopcidics 
under different conditions of the ^'a]lOl]r-ai^ mixtures met wifli 
ill so many industries, definite information on the subject is scanty 
and often imtriistw’orthy. It was ehiefiy in an aitenqii to procure 
such information that this research w’as jmojected. From the 
point of view of safety, limits for the ]mopagation of flame arc of 
the g!»wr^vst interest. It was therefore decided to determine these 
“ constants ” for a fair number of vapours, and papers are to fnllov 
on the limits of mixtures of more than one \ apour in air, ami on 
the effect of temperature and of pressure on the limits. 

Owing to the theoretical importance of the determinations 
■ projected, the selection of the vapours to be examined was not 
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(jetermined wholly by their importance in industry. Three snb- 
jjtjinces previously examined (White and Price, T., 1919, 115 , 
1462) were included because of certain anomalous results for the 
ypper limit of one of them (ether) obtained during the course of 
that work. Thus, this limit for upward propagation seemed to 
be higher in a tube 2-5 cm. in diameter than in one having a diameter 
of 0 cm. Again, for horizontal propagation the limit in the latter 
tube seemed to be 8-0 per cent, when fired normally, 12 per cent, 
u-licn both cocks were closed ; yet in the (short) tube used for the 
determination of sub-ignition temperatures the flame was seen to 
reach the end through a 20 per cent, mixture. The present com- 
iiuinication provides an explanation of these discrepancies. 

Publi'Shed Data Jvailabk. 

A good idea of the figures given in the literature for the limits 
for the propagation of flame in vapour-air mixturo.s caii be obtained 
from Tabic 1. This docs not profess, however, to be more than a 
selection. Tor certain vapours many \'alucs, only differing slightly 
from one another, have been published, and sometimes one investi- 
gator is responsible for two or more such figures. It has not been 
considered advisable to include cither the.se or approximate figures 
obtained incidentally during the course of other vork, for example, 
during an examination of the variation of the minimum igniting 
current with the percentage of inilanimable va])our present in a 
vapoiir-air mixture through which an electric spark is passed. 


Summary of values arailahlf for thr range for the pro2)agaiion of 
flame in certain vapour-air mi-vtures. 

Solvent. Range. Reference. 

Fttier I'O*’' to - - t-e r'liatelier and Boudouarcl 

1S98, 136, lolO). 

l\s‘’ to Ivubiersc'likv {/. ouijm'. Chvm., 

RH)I, 14.'l2y). 

to (]!) nun. tube) Eitner (J. Gutibcleuclit,, 1902, 45, 
MR’,, to — (02 ,, i ii, 21). 

O'OoS grain to ti']’) grain per Meiinier {(.'ofiij.>L rtud., lOOi, 144, 
litre (sav) to 1107), 

1'73% to 23'30%'(ii]iwurdji) White and Price (T,, 1919, 115 , 
1*93% to (downward^} 1102). 

Acetone 2-9% to — Eo Cluticlier and Boudouard (foe. 

' vlt.). 

2'f)0'^ to — Kiil)ier.-chky (/oc. cubJT 

5‘’yto]2'’^, lirimswig, ■•Explosives,” 1st 

edition, Loudon, 1912, p. 73 

(Runic). 

2-l5<\, 1 m 9*7% (iipwanU) \^’]u'eK‘r and Wldtakcr (T., 1917, 
2’3.7‘'„ to S'fd'o pitiuinvaids) 111.2tii)' 

2'8S'''(, to 12'40°(> (upwai'tls) 'Wiiilc and Price (/oc. riV.j, 
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Solvent. 

Benzene 


Toluene 


Metliy] 

alcohol 


Ktlivl 

al.'ohol 


7':thyl 

acetate 

Cai-bon 

cli^sulpliale 


'Range. 

1-5% to — 

1 - 40 ^ to 4*7*^ 

2*7 “q to C’3% 

to — (()2 ) 

2*8% to 6*S% (U) „ ) 

1-3% to — 

1-4% to — 

(rth'o to — 

7-2^;, to (Ih-i)^) 

:i*07%ta - 
to — 

4-0^^, (0 13'0'\, (1'4 linn, tube) 
,‘{‘7‘'„ to - - {()::! ) 

4 (0 (u|)\var(i;b 

4*I17‘\, to I I oih'j (boMonvni'J'.) 

2 to 

1'94';’^ to — 

3 -9^0 to — 

0‘075 gram to d’hO iri’Hin per 
litre (?ay) to 28 “^ 


Reference. 

Le Chatelier and Boudouard f/r,. 
cii.). 

Kubiersehky {loc, ciL). 

Eitner {?oc, eth). 

Torres {J. Gasbekiicht., 1920 fiq 
830). ’ 

Le Chatelier and Boudouard (kjr 
dt.). 

Kubiersehky {loc. cit,). 

Le Chatelier and Boudouard (tx- 
cit.}. 

Kubiersehky {loc. dt.), 

Le C'liat(di(M‘ and Boudouard 
cit.). 

Kubiersehky (7or. df.), 

Ritner {loc. dt.). 

White and Price (/or. c/t.}. 


Le Chatelier and Boudouard 

Le Chatelier and Houdoiuard (L.. 
dl.). 

Kubiersehky (/or. dt.). 
iMeunier [loc. d(.). 


The refill fs given by different observers do not, on the tvhole. 
sltow the good agreetnetff that could reasonably be ex])eeted from 
such apparently simple determinations. Eitner's figures would 
seem to indicate tliat inarlced differences can be expected between 
results obtained in 10 and 6(1 inm. tubes. 


h! X ? K K T M !•: X T A T.. 

Pnn/iccidoii of Moii-dals. — Of tin* solvents treated, numbers 1 to 
r> wore the ordinary labonitoi'v solvents, bnl 6 to lb wei’o Ijonght 
<as "pnro,” as was also the ethyl bromide used for a few experi- 
nienl.s. This conijmnnd was only dried before use. The range 
over which the final fraction of eaeli solvent was collceted (eon’eetetl 
to 760 mrn. pressure where necessary), is given in brackets after 
the method (ff ])nriii{'ation n.sc-d. Tlie fractionating colnnin lUTii 
was always a fve-hulb Young and 'I’liomiis si ill head. 

( 1 ) ■^uYe' ether was distilled from acid }»ermanganate ami wa? 
re|)eatediy wa,slied, tirsi u itli a eoncentrated and (lien with a diliifc 
.solution of potassium hydroxide in water. After being thorouglilv 
wa.<hed witli distilled water, it was dri(‘d, distilled, and again dried 
over .sodium for several da vs before being linallv fractionated 

•(34*9— 3r/b. 
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(2) The acetone was purified by conversion into the sodium iodide 

compound, and then distilled. The product was very carefully 
dried over fused calcium chloride before fractionation (564 n6*5“j. 

(3) The methyl ethyl ketone used was freed from acetone by 
several washings with brine. It w’as then dried over anhydrous 

calcium chloride for a fortnight and w^as twice fractionated (79-4 

79-7^). 

(4) The carbon disulphide w'as distilled from white w'ax and 
repeatedly shaken with (1) sulphuric acid, (2) mercury, It W’as 
next allowed to stand over several batciies of freshly iirnited lime 
for a day at a time and was dried over phosphoric oxide before 
fractionation (46-2— 46'3“). 

{.)) The benzene wus repeatedly shaken with concentrated sul- 
piiuric acid and was then treated several times with aluminium 
cliloridp. After di.stillation, it. was reduced to half its bulk by three 
ciTstallisations before lieiiig fractionally distilled (80-35 -80-45''). 

(0) The toluene was fraetlonatod and f)ftiled under reflux over 
sodium for four hours before the final fractionation (110-5—1 10-7 ). 

(7} The methyl alcohol wxas foiiurl to he free from acetone and 
was fractionated after standing for iwo days over each of several 
batches of freshly fused and powdered calcium chloride' (65-9— 
60-2'’). 

(8) Hie etliyl alcohol was twice hioiied iiiider reflux (1) for four 
hours over fresldy burnt lime. (2) for tvo hours over calcium 
turnings, before distillation (78-35— 78-45'). 

(9) llie acetaldehyde used was pur] lied In- tin- formation of 
aldehyde-ammonia, the recovercfl product being dried by distill-' 
atiou from a large bulk of anhydrous calcium \ddorido (20-7— 

i!0-9ri. 

(Kt) The pyridine was piiritied liy washing the ferroeyanide with 
water. It was dried by standiiisj; over sadid sodium hvtlroxide for 
a week before fractionation (114-2 — 114-5''). 

(11) The ethyl acetate used was ])i'epared from absolute alcohol 
by the action of pure concentrated siiljdinrie acid and pure fused 
sodium acetate. After distillation (he jjroduct was washed, first 
with a dilute sodium carbonate solution, then with a strong solution 
of calcium chloride, ft was dried for a week over fused and 
powdered caleium i/hloride l)efore the final distillation (70-8 — 70-9'^). 

(12) Tlie ethyl nitrite used was ])re]uared l)y the actionj^hii, strong 
solution of so<flum nitrite on a solution of alcohol and sulphuric 
acid in water, [t was eollcctcfl ov'cr a strong solution of sodium 
hydroxide in water and was then well washed with a very dilitte 
^^olntion of the same eoni])oiind in water. It was carefully dried 
heforc fraotionatiim (1 tbS— 17-2ri. 
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Apparatus .— . limits were all determined in glass tubes 
These tubes varied in internal diameter from 2*5 to 7-5 cm. an(i 
for the final work were all 1-5 ni. long. All tlie tubes were closei] 
at one end by a stopcock of 4 mm. bore. At the other end tho 
2-5 cm. and 5 cm, tubes had a C mm. stopcock, the 7-5 cm. tube 
one of 8 mm. 

When it was necessary to determine limits at temperature;; 
above 25*^, the ordinary 5 cm. tubes were water- jacketed. X|u. 
stopcocks (which protruded) were lagged with cotton wool, and hot 
water was continuously circulated through tho jacket from a ga,< 
heated re.servoir of about 15 litres capacity. Circulation was 
brought about by means of a compressed-air lift, and the difference 
in temperature between the water entering and leaving the t)]ljp 
jacket was generally less than 2“. 

The solvent was introduced b}^ means of a filler consisting ()f ^ 
small glass bulb closed at the toj) and bottom by means of stop, 
cocks. The glass tubiiig leading from the lower cock wa.s tapered 
and sufficiently long to project well through the tightly fitting ])iece 
of rubber tubing forced over the end of the limit tube for fil liner 
purposes. 

ignition was brought about by means of a glass-insulated electrode 
of brass wire. This was used in preference to ])]atimim sealed 
through the glass, partly to avoid insulation difficulties when 
using water-jacketod tubes, but chiefly to enable the means of 
ignition adopted in a given tube to bo changed ([iiiekly and con- 
veniently, Tliis was of the utmost importance, as it was found 
'that a given mixture sometimes refused to ignite, or only ]n-opagated 
flame part of the way when one method of igriition was tried, 
althoiigli another method ga\'e a flame which wa.s ])ro])agat(‘d 
throughout the tube, in mo.st cases ignition was brought about 
by the spark from an induction coil, the two available being a .small 

« inch ■’ and a 8anax int(-nsified coil capable of giving a 20-ineli 
spark. Where .sparking failed to ignite the gas directly, it would 
often suffice to ignite a milligram or two of dry guncotton yarn, or, 
in exceptional eases, a sera]) of Mark 1 cordite, wliich would then 
act off the ga.s mixtur{v It was sfunetime.s found that the only 
means of igjiition both certain and conveniimi Avas a hot wire. 
This Avas u.-^od in the form (4 a lu-lix of line jilatinum wire whicli 
was f a.stene d across the .^parlv gap of an ordinary electrode and aaus 
heated electrically. 

Fimd ProaAurr.—V or reasons gi\'en later, the gas mixtures \rero 
made u)> Avitli air dried by passag(- through bubblers containing 
96 per cent, sulphuric ardd. After use, tubes Avere washed uilii 
acetone and Avel! bloAvn with air (dri(‘(l with calcium chloride) after 



iXAME IN VAPOUR-AIR MIXTURES. 


PART I. 


1249 


draining- These tubes were then twice evacuated })y means of a 
Oaede pump and illled with air (dried with sulphuric acid). They 
^vere next partly evacuated and again filled up with dried air after 
a, weighed quantity of the solvent to be examined had been intro* 
(Piced by means of the filler. Care liatJ to be taken to ensure that 
(1) 110 solvent was caught in the tube stopcocks; (2) -that all the 
j^olvcnt introduced into the tube had vaporised before the last of 
the air was allowed to enter; (3) that only the minimum quantity 
of uiulried air was used to clear from solvent the lower stopcock 
of the filler. The water-jaokctod tulies vere then kept for two 
hours ill a horizontal position liefore firing, to allow the vapour-air 
mixture to become uniform. ()rdinary*tubes all contained a few 
cubic oentimotros of small glass lumds and th(n'r contents were 
mixed by fa.stening them to a slowly I'otating wooden frame six 
at a time. This frame was rotated for lialf an hour per batch of 
tubes. Actual firing tests showed the mixing to lie (dfieient. 

Owing to its tendency to oxidise, mixtures containing acetaldehyde 
were mixed by continuous sbaldng by hand for fifteen minutes. 
Preliminary experiments showed tliat loss tliaii 2 per cent, of the 
aldehyde pre.sciit was affoeted in this time. As the heat lost in 
the transformation was small, it wa.s considered that the error 
iutrodueed in this way was not material. 

Po lire a tube, the larger stopcock was opcjied and the requisite 
electrode quickly introduced, tJie end of llie tube being closed, 
ongiiially by Jiieaiis of a rubber bung jjierccul for the electrode, 
but later by means of a plug of [jlastieine. Ek'ctrieal contact was 
then made with as little delay as possil)le. All tubes were fired 
behind a wire screen. 

In estimatijig the weight of solvent used, \vhere necessary cor* 
rectiou was made for the air exp(‘ll('d from the filler by solvent 
vapour, and all results were calculated on the assumption that 
the moleeular wcigiit of tlu' liquid used in grams occupied 22-1 
litres at A.T./h 

Except ill the case of " (‘ool llanie ” laxsidts, the accuracy aimed 
at was always to 1 per cent, of tlu‘ solvent used. Owing to their 
peculiar charai-ter, it was only sought to determine ‘‘cool flame'’ 
results to the nearest wliob' iiiimlaT, and it is doubtful if this 
accuracy was always attained. The final t'e.siilts given are in every 
case figures obtained front du])Iieate experiments earrij;;|[l jmt at 
different times with twtt ditferent batches of the material under 
examination. The method used was that of ti'ial and error. Dif- 
ferent mixtures wen', tired until of two in which the vapour content 
differed by 1 jier cent, or le.^s one propagated tlame the whole 
lougtb of the tube wliilst the other only propagated flame part of 
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the way. The limit mixture was then taken to be that midway ‘ 
bet\vecn the two. 

Except when otherwise specified, percentages mean percentages 
by volume. Tabes are often specified by their diameters. Thus 
a tube 5 cm, in diameter would be referred to as a 5 cm. tube. 

ResuUs. 

Preliminarij . — In addition to the means of ignition prc-vioudy 
enumerated, an attempt w'as made to make use of a gaseous primer, 
Tor lower -limit experiments this con.sisted of 5 c.e. of hydrogeij 
introduced near the electrode, w^hich was then brought into action 
as soon as possible. This* was found to be unsatisfactory, giving 
inconsistent (and lo\v) results for benzene. This may have been 
because it ga\'e too violent an impulse for the tube used, but was 
probably due to the very rapid diffusion of the hydrogen, as oxygen, 
when used for upper-limit experiments, gave much bettor, altlioug]! 
scarcely satisfactory, results. The use of a little guncotton gave 
certain ignition in tlie case of lower-limit experimeuts not too far 
below the limit, but no certain method wms ever discoveml for 
dealing with upper- limit trials fired upwards. 

It was originally iritemded to use the firing tubes with the .smal! 
cock open, as was done by White and Price [loc. c\L). Tt was found, 
how'cvcr, when using this method (from now onw'ard referred to a> 
forward livinu) that e\'en in mixtures definitely above the lower 
limit the flame ap])care(l to be unstable in the last 15 to 20 cm. of 
the tube. Accordingly, a mixture was considered to be above 
the lower limit if a flame got to within 20 cm. of the end of the tube. 
In Table I are given the results of some comparative expe^iment^, 
using forvvard, closed, and backward firing. closed firing, boili 
ends of the tube were closed, whilst for luu'kwmrd firing the small 
cock was closed whilst the large cock at the electrode end was open. 
In the ])re]iminary experiments, the air used was not dried, so that 
there arc sometimes slight differenees in'tween those and the final 
results. On the other hand, an attem])t was made to secure sound 
relative results l)y firing in caunparativc experiments as nearly as 
possible under the same conditions. 

Ill ali cases the electrode was adjusted to the optimum position. 
This was 5 to 8 cm. beyond tlie .^boulder in most cases. As a 
general rule, the limit results as given by the three methods were 
in fair agreement. t)n account of it.s convenience and the eou- 
sistency of tlie results obtained, the closed method of firing was 
adopted. T’he one |)oinl against it is the preliminary comprcs.sioii 
to which [)art er the uiilnirnt mixture is subjected, due to the 
burning iA the remainder. That this was not important for down* 
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Table I. 

Shoivifid rajiges throughout which dher^ acetone^ and benzene-air 
mixtures propagate flame for fommrd, closed, and backward 
flnng at 18 3 ^. 


Direction of propagation. 

Upwards. Tlorizoutal. JJowimird.i, 


Tube 

For- 



For- 


Foj-. 

. Back. ward. 

■ — 

^ 

Solvent, cm. 

ward, 

Cio.secl 

.. Back. 

warrl. 

Closed 

Clo.sed. 

Buck. 

Ether a 

1'81 

J'S4 

1-89 

i-88 

1-S8 

]'9o 1-94 

1-90 

1 95 


to 

to 

to 

to 

to 

to to 

(o 

to 

()-20 


49'0 

48-0 


9-45 

and 

19-0 

to 

34-0 

3;;-() 

34-0 (i-2u 

ti-2.3 

7’5 

1-74 

I -71 

1!,)0 

]'77 

1-7.7 

M)] ]-;s:j 

l-.S.) 

1-89 


to 

to 

to 

to 

to 

to to 

to 

to 


49-0 

48-0 

— 

39 '0 

40-0 

39-0 0-10 

0-40 

h-40 

Acetone .> 

2-98 

2-95 

2-99 

3-OU 


3 09 

3-94 

3-1)2 


to 

to 

12-6 

to 

to 

to 

9-9 

to to 

to 

S-4d 

tt) 

Benzene 5 

D43 

1-45 

1-48 

1-43 

l'4fi 

]'4S 1-47 

1-4 7 

M9 


to 

to 

to 

to 

to 

to to 

to 

to 


- ■ 

The results 

marked 

— — ■ — 

* were obtained at (lOo 

*-3'53 



ttard piopagation in a 5 cm. tultc .shown by dctcnulning tltc 
jotter limits for ether and acetone in a tube closed at one end and 
ignited at the other. Under these conf]ition.s (those for unifoini 
movement of fiame), the limit.s were tiol more than 1 per cent, 
greater than those determined in a clo.^ed tube. The.se results 
were corroborated l)y certain tempera measurements referred 
to later. 

One important difference betwce]i the limits as determined l.>y 
different methods is shown in the ease of horizontal propagation 
in ether air mixtures in 5 cm. tubes. For forward tiring, two 
distinct ranges of propagation Mere obtained, separated by a range 
that would not propagate fiame. For closed and backward liring 
one range only wa.s obtained ni each ease. This seemed to show 
that the cthcr-air flame was unstiible for forward liring from lO to 
19 per cent. Thi.s conclusion was supported by tlie fact tliat on 
one occasion a 17 per cent, mixture propagated llame fortrrcr'il from 
oud to end of the tube ; but in five further trials at 17 per cent, 
the flame only went half-way. That ether has two fundamentally 
distinct ranges of proj')agation was soon proved, In a 2'5 cm. tube 
there was a gap between the two ranges for all three methods of 
firing, forward f-oin O'flO to 21 per cent., closed from 6‘:25 to 14 per ■ 
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cent., and backwardis from 8'75 to 11 per cent. On the other hand 
it was shown that there were two distinct velocity maxima for 
backward firing in a 5 cm. tube, one between the lower limit aiuj 
11 per cent., and one between 11 per cent, and the upper limir 
The latter is shown in Table II. The results given there 
obtained by timing the flame over the last metre of the tube vith 
a stop watch. 

Table II. 

Shoivin/f the velocity of the flame in ether-air in the kid mdre oj ^ 
5 cm. lube fired backwards. 

Perceiitago of ether present ll'U 15'0 20‘0 2()“() ;}:!■() 

Velocnty of flame in cm. sec. ... 22 20 27 22, t l;j 

The flame here considered i,s, of course, the “ cool flatiu' of 
incomplete combustion (sec Perkin, T., 1882, 41, 36i>). Thi.s flame 
was best obtained by means of a heated platinum spiral, altiioimli 
in a n'giou where tird inary eotn bastion Mas impossible it could 
often be obtained from an ordinary s))ark-gap, probably owing to 
the heatihg of the eloetrodcs. Whore ordinary combustion was 
possible, that was almo.st invariably brougiit about by a .spark, 
even if the mixture Ma.s delinitely above the limit for the ordiuarv 
flame and below that for a cool flame. Whether a mixture pro- 
pagated flame all the way along a tube or not thus depended on 
the type of flame started. This result Avas confirmed under tofallv 
different conditions when dealing with acetoiie-air mixtures, 

The effect on tlic limit of changing the position of the electrode 


is sllOM ll 

in 

Tal)le ill 









Tabli' 

; Hi. 




Showing 

thr 

(ffeci of ike 

position 

ef the 

dee trod r 

on certain llmiU 

for 

the 

■ IwoiHVjaiion 

of flame 

in 0 

cm. tabes 

at 18 ::: 

;r. 






Lower liini 

X. 

VppT 





— 

■ — — ' — 


liltlll. 






Ilori- 

1 )(.!W tl' 

J)U\MI- 

Sol vent . 


d'ip of elertrod) 


Up wan 

U. zoutul. 

wards. 

w.U'd-. 

Ether 

.Shoulder 


MU 

M)5 

1{U> 



(j c 

■m, hesoiid ^^liol 

ikhu' 

1 'SI 

I'SS 

1 -do 


Acetono 

Shoulder 


:C07 

;i'U7 

:>•(».> 

S-t'i 


t> ( 

■m. bevond .-^hoi 

ilder 

2'<).5 

:t-nd 

:lo4 

Sdn 

Benzene 

Shoulder 


1-4!) 

t-.71 

1'4S 



0 ( 

•in. beyond .•<h(ii 

lider 

] ■ to 

1 • la 

1-47 



It \rrtti>e seen that the greatest diffenmee is for upward juopaga- 
tion, where it is about 4 ])(t cent- This is undoubtedly cl<Kly 
comiected ;vith the stability of the flaiiie, M’hicli seems to be rather 
easily jerlo'd out when going upwards, or even liorizontally. 

The cfleet of length of tube on the value t>btaiued for the liaiil 
is shown in Table IV. 
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Table IV. 


SImiiig the >‘f!e.ct of the length of the f, cm. Ube need for Ike dete.rmim, 
lion of at 17 ± 3". 



Longtli of 


uil )0 in 

Solvent. 

rtiotrcs. 

Ktlier 

to 

ir, 

Ao'(one 

i-0 

la 

Bnizeiie 

j-0 


1-5 



Upwiii'fls. 

ifori/.ontal. 

l-sg 

]-S7 

1'84 

I’SS 

I'llL 

1 ■'.);} 

24):} 

;j-0)j 

2'!).‘i 

:b()u 

:5'uri 

;}•()(} 

1-40 

1-71 . 

IMi") 

i-4(; 





U[)pcr 



limit. 

Downward,-;, 

Downwards, 

l'!)0 


i-!)d 


1-!)1 

U-D,") 

:}'(4 

S-40 

:}•()! 

S’4'i 

.r<,i4 

SdJo 

IMI 



]'-IS 

-- 


1 a.I 


Olisorvation of propa<ouioji in tliu l.nipost tuho niaJc it appear 
pxtmucly probable that it wa.s jei-l;iiig that caused mo,st of the 
difference between the liinit.s in the thre(^ tubes. 

To determine the eflect of inoi.sture on the limits, n .series of 
c.xperiments was carried out in which limits f(jr downward pro- 
pagation were detormineil M itli dried air and m ith air |)a.s.s(‘d tlirough 
.sulphuric acid of such a eoneeiitration that the air contained 1 ptu' 
cent, of moisture. In ordy two cases was the difl’erenec a.s great 
as 1 per cent. It was exactly this llguie for acetone, but 3 per cent 
for ethyl alcohol, the dried -air limit being the lower in each case. 
The reason for this is not vcTy ol)\'ious, It may be connected 
with adsorption of .sohmnt on to the walls, but why etliyl alcohol 
should be .so much more alfected than methyl alcohol is not very 
easily perceived. 

Hual —'Su detailed description of I he Itanies ob.served will be 
given. Some j'cmai'ks are nece,<sary, however, as the phenoinena 
examined are not altogether reducible to numbers, 

A dame wa.s generally eharaeteristie of the eia.^s of comj)ouud 
to which it helong(‘(b Thus an observer could ea.sily tell whether 
it \va.s a ketone, an alcohol, or an ether tliat was being o.xamined, 
provided lie saw both the upper- and lower-limit trials. The 
aleohoLs and hydroearhons examined gavm flames that were, in a 
general way, rather similar, although it was not didieult to di.s- 
tinguish between the two classes. J.rOwer-limil llames v’ere often 
more didieult to distinguish from one another than upper-limit 
ffanies. Lower-limit dames wure almost all of a, nondesrript blue 
colour, but thti dame given by pyridim* was yi'ilow, and in a wide 
tube tliat of etlier dowiuvards showed small iiitermittoiit yellow 
patches.^ The dame given by carbon disulphide seemed peculiarly 
' dn. Lpper-limit flames travelling downwards looked somewhat 
similar for all the compounds toxanilned, except carbon disulphide. ’ 
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They started at a high velocity, and if below the limit, often almost 
stopped about two -thirds of the way down the tube. There wen 
great differences in horizontal upper-limit flames, as they varioi 
from luminous flames, filling the tube, sometimes 20 or more conti. 
metres long, to flames which often dwindled to faint blue globules 
T5 cm. or so in lengtli. The alcohols gave the longest flames, 
whilst the cool flames of such compounds as ether and acet- 
aldehyde were the smallest. Upwards upper-limit flames were 
generally long, often filling half the tube. Their luminosity varied 
from the yellow of the alcohols and hydrocarbons to the faim 
bluish- white of some of the. cool flames, which were seen only with 
difficulty ill a dark room. The greatest variation in the flame of 
any one compound wa.s always observed in the upper limit for 
liorizoiital propagation. Tii such a trial a flame which started small 
and blue might grow considerably and become fairly luminous, 
whilst the reverse change was often observed. Perhaps the 
strange.'^t flame examined, if it can be called a flame, was given bv 
ether and acetaldehyde. When these compounds were ignited by 
lueaus of a liot platinum spiral for ]}ropagation upwards at thi’ 
upper limit, a ray of gkwving gas often seemed to extend upwards 
from the spiral for any distance u]) to 80 cm. The ray often 
remained in this position for many seconds before the top opened 
into a "cool flame travelling up the tube. 

Lower limits aitpeared to lie somewhat more sharply defined 
than upper in the case' of the vapours examined, and were certajuly 
more easily dele-Diiined. Lpper-limit flames moving downwards 
almost invariably travidled v(wy fast even when they failed to get 
!uore than half-way down the' tube, and often loft an impression 
that they had been jerlo'd out. The pressure in the tube was often 
high, and in the case of a 7-5 em. tube great care had to be taken 
not to introduce too little soKxtiL Thus when 3 per cent, too little 
methyl ethyl kotone to give an up])erdiniit mixture was introduced 
into sueh a tube and lii'ed downwards, a violent explosion occurred, 
A similar re.suU was (ihtaimal when ethyl ether was used under tlio 
same eonditions, and ethyl nitrite gav(' a good deal of trouble even 
in 5 cm. tubes. L))pei'-limit mixtures intended for propagation 
upwards were' generally difficult to ignite, even when perfectly 
normal. Tliey seemed to reap] ire a longer time at a high tem- 
perature Than was easily obtainable by means of an electric spark, 
and often guncotton would only fume off in the mixture. A hot 
platinum spiral ignited ether and acetaldehyde mixtures and could 
be used for carbon disulphide mixtures, althougli an electric spark 
was generally ouiie as successful with the latter. The spiral proved 
unsatisfactory for other mixtures, and repeated sparking, with or 
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\vitlioiit a little guncotton, had to be used foF all the rest except 
ethyl nitrite. This often meant making up two or more mixtures 
(jf the same composition at a time. Cordite was used for the 
iernition of the nitrite mixtures, but owing to the difficulty of pre- 
venting the gas itself from fuming, the exact limits were not 
determined. In all probability tlie upper limit u|nvards is a good 
deal higher than the figure quoted. The greatest difficulty was 
found with acetone. This solvent give.s a higher upper ^ limit 
upward-s in a cm. than in a d cm. or 7’5 cm. tube. The figures 
given in brackets in Table V arc the ones originally olitained u.sing 
ihe smaller igniting coil. The ones finally taken were the highest 
values obtained in any of a great number of trials, using the large 
coil Below tlie vallu^s given, an ignition would often occur, and 
;i flame only go iia!f*\\ay up the tube. Observation showed that 
ill sueh a case the flame was different, the flame which looked more 
like a ^‘cool ” flame travelling bctt(a' than the other type. It is 
quite po.ssiblc that the true upper limit is somewhat higher than 
timt given, a.s a “cooler'’ flame, if it could be olitained, might 
travel in a mixture containing inoiu acetone. It will be .seen that 
the fact that a llainc only goes half-way, or less, along a tube is 
jio proof that the mixture i.s above the limit in that tube. Similar 
resells wore obtained for horizontal propagation in aci'tone-air 
iiii.vturcs at the upper limit. It would appear that so “ cool ” a 
flame as obtains in acetone at the upper limit upwards in a 2'5 cm. 
tube cannot travel in a d (un, tufic, as nhen a d cm. fube was joined 
hy means of a gradual tajier to oil cm. of 2’d cm. tubing, a flame 
started upwards just below 1he 2'd cm. limit in the latter went 
out almost as soon a.s it reaclual the wider tube. An interesting 
phenomenon (not eon tim'd to this solvent) was well shown in a 
7'd cm. tube near the ujipcr limit upward.s for acetone-air mixtures. 
A mixture which only jirnpagatetl flauu' dO cm, or less would often 
pia.ipiigate flame much further at llic si'cond trial, and at the third 
perhaps all t!m way to the topi. Only first trials were taken into 
aoeoimt in determining limits. 

The range.s throughout which the various solvents examined will 
propagate, flame when mixed with air are given in Tabic V. The 
ranges given include those in which the llainc is “ cool.” That 
this type of flame is dangerous is recognised once it is realised how 
easily it can give rise to the ordinary flame. It is well laiown that 
the ether flame can do this when enclosed, but conriiiement is not 
essential, as will be seen later. That the acetaldehyde “ cool 
flame easily gives the ordinary type was shown by igniting a 20 per 
cent mixture, which liad not been ignited by repeated sparking, 
by means of a hot spiral. This gave the “ cool ’ ray, which in. 
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turn produced the co(d ” flame half-way up the tube, and tliijj 
soon turned into the ordinary hot hame. How many “inexpH^, 
able ” ether explosions can probably be accounted for was discovered 
by the author by accident. An attempt to demonstrate the flow 
of the lieavy ether vapour dowm an open wooden gutter 4 nieti-ts 
long w'as being made in daylight. The gutter was inclined at a 
slope of 1 in 4, the vapour being obtained from a large sponiff, 
saturated with the liquid, winch was hold just above the top of 
the gutter. After some time, an attempt was made to ignite the 
ether-air mixture at the bottom of the gutter by means of a lightwj 
taper. Thi.s was apparently unsuccessful, although the charac. 
teristic odour of the so-calJed laiupic acid eouUl be detected. Thiiiv 
to forty seconds later the ether at the s})onge burst into tlauic. y 
‘‘cool ” tlame must have travelled up the gutter to give rise to 
ordinary eombu.stion at the top, althougli the moving flame was 
not seen liy any one of the tlii'ee ob.servers looking for it. 

The two rango.s of intiammability shown by acetaldehyde are 
more ea.^ily separated than those of ether, and persist even in a 
7*5 cm. tube. As witli ether, the ranges overlap for upward 
propagation. Tiie cool flame does not appear to be propagated 
downwards, as a general rule, so that in these cases the upper limit 
for upward propagatiem is usual]}* very much greater than tliat for 
downw*ard 2 )ropagation. This does not hold for carbon disulphide, 
as the ratio of these two limits for this compouml is very ncarlv 
that fur a couipouiul burning normally. Ethyl nitrite gives a 
high ratio, altlioiigli its flame is not typically “ cool in appear- 
ance. That this compound is capable of transmitting two different 
flames through tin* sann* rnixtuiv was sliuwn during an attempted 
dow*nw*ard ignition iti a 5 cm. tube at the upper limit. This mixture, 
which w’ould have liurned downwards violently in normal circum- 
stances, on .sparking gave a pale blue flame whicli moved gently 
upwards through tli(‘ 15 cm. lictween tlie electnales and the lupof 
the tube. 

For many vapour.s vahl(^s are gi\*en in Table V for limits its 
determined in three tubes of differing diainebu's. These valiKs 
W’cre intended to enable^ a eorr(.H;tion to be? made for the eoolinguf 
the flame by tlu* walls of the tube. Ju the larger tubes, miothor 
factor enters, inasmucli a.s tiu^ preliminary compression of the 
unburnt g^is affects the limits (ietenuined. A rough determination 
of the rise in temperature caused by this compression iluring lower- 
limit determinations was made, using very fine thermo-coupk'N 
The vapours used w'erc' those of ether and acetone, and similar 
results were obtained for horizontal and downward propagation- 
In 7 ‘5 cm. tubes the rise in tem])erature amounted to about lA, 
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the rise in 5 cm. ttibes being less than 10°. The author's wor]^ 
with ammonia mixtures (of which the results are to be pub]isht.rj 
shortly) shows that the higher rise of temperature would correspond 
to a diminution in the lower limit of about 1 per cent. A cornet 
tion equivalent to this is applied in Fig, 1, which show.s how the 
diameter of the tube affects the lower limit obtained for upward 
and downward propagation, 

Xo attempt is 'made to allow for the effect of the pressure itself 
Consideration of the results given in the table and diagram showv 
that the results in the 7 ‘5 cm. tube appear to be little affected In- 
wall cooling. Convection effects appear to enter, however, us 
shown by the ethyl nitrite and carbon di.sulphide lower-limit results 
and by certain oi the upper-limit results, particularly for horizontal 
propagation. Upward propagation in ethyl nitrite-air in a T'o em, 
tube was instructive. A bove Ih-fO per cent, the flame went nonnallv, 
but below this figure it went up thi^ tube in a swirling wreath, .\ 
somewhat .similar result wa.s obtained with carbon disulpliide. In 
this connexion, llie upi:)er limits for downward propagation in 
acetone-ail' mixtures obtained by White and Price {Joe. rii] mv 
interesting. 


Tube ll'u f-m, o em. 7 ‘5 cm. I ricpn. 

W hite anfl Price — S'lbi — In a 

WTitc S-lV) 8-tO 8 (iO 


This sudden iiicrea.se in the upper limit heluuen a T-.") cm. and ;i 
15 cm. tube is pro.sumahly due to convection. 

It will he noticed (hat in only one case in wliicli upper liiniis 
upwarils ha^■e been deterniined in tubes of different diameters du 
the values for any one solvent differ very ajipreeiahly. This i-usc, 
in which the- values for acetone are greater for a 2-5 cm. than a 
7-0 em. tube, has ali'eady been discussed. It would thus apijjcar 
that for upward propagation the maximum favourable effect dm* 
to convection has probably Itecn reached in a. 2-5 cm. tube. Tlii< 
conclusion is confirmed by an examination of certain ujipcr-liniit 
rc.sults for horizontal projiagation, whicli show that for .-i 7*.'i cm, 
tube the horizontal and iijtwards limit.s arc almost cipial. Tlii.s b 
well shown by the ketones, wliilst eipiality is almost reached in a 
5 cm. tube in the case of carbon disulphide, 

The limus given in Fig. 1 for tubes of lS-5 mm. and 13 nun. 
diaraete’' were determined in an attenijit to confirm the work of 
Eitiier in 19 mm. tubes. The narrower tubes were tilled by dis- 
placing gas from a larger vessel into thorn by mean.s of mercury. 
The.se results are probably less accurate than those given in Tabic V. 
The author wa.s quite unable to confirm the much-quoted results 
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of Eitner and Bimte for benzene and ether, and considers that very 
rapid change in the lower limit with diameter of tube used can only 
lake pface below a diameter of 13 mm. Torres gives a value foV 
herizene agreeing with that of Eitner. His vapour mixture was, 
however, made up by volume from a mixture the vapour content 
of which was calculated from vapour- pressure tables. ‘This method 

scarcely suitable for l)euzen(‘ without elaborate precautions, 
owins to the slownes.s with which it takes up Its n'taximam vapour 
jn'cssure. 

The agreement between the re.sults of Le (.'hatelier and Boudouard 
and those of the author is very good, except for the alcoliols, par- 
ticularly when it is remembered that tliey only attempted to work 
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to an aeeuraey of 5 per cent, in the best of eireumstances and con- 
sidered the probable error to be more than twice this for the less 
volatile coniiKtunds. Tht' results oblained also agree fairly well 
with tho.se of ^leiinier and of Kitner (in (I- mm, tubes), and vith 
Kubierseliky's lower-limit results, if we exeejit carbon*disulphide. 
Bunte’s lower- limit rt'sult for acetone, a.s (( noted by Brunswig, is 
obviously wrong. Wheeh'i' and Whitaker’s acetone results have 
been discussed l)y White anti Price, the conclusion drawn being 
that their method of analysis appeared to be faulty. This was 
confirmed b' tlu^ author b\- using water absorption to estimate 
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the acetone content of mixtures made up from weighed quantities 
of the solvent. A mixture known to contain 3-03 per cent, gav^ 
2*31 per cent,, whilst a 10 per cent, mixture gave 8*83 per ceut 
Absorption in a concentrated solution of sodium hydrogen 
in water gave 3*05 and 9*85 per cent., respectively. 

The lower, limits found for acetone and ether agree fairly 
with those of White and Price, the greatest difference being foiuKj 
for downward propagation, Sucli differences as do exist are 
undoubtedly chiefiy due to the criterion of propagation adoptwl 
by White and Price, which made it necessary that a flame should 
travel right to tlie end of the tube. Under the conditions pre. 
vailing, the instability of the flame affected the results obtained, 
as ex]flained on p. 1250. Tlie koverdiinit differences found in the 
case of alcohol are too largo to ho entirely duo to this cai].<;e. 
notwithstanding th(“ sensitiveness of the alcohol flame to small 
disturbances. 

Agreement is distinctly good for upper-limit re.su Its for l)ntti 
acetone and alcohol, but for ether the differenco.s for liorizontal 
and upw'ard propagation are very large. These differences are 
entirolv due to the interveiitioii of tlie cool flame, w-hieh did not 
enter very much into the results obtained by Wliite and Price. 


Oi^cKssion of I^esults. 

In a preliminary discu.ssion concerning propagation of flame at 
the limit, it is desirable to consider only the simplest ea.ses - thn.'C 
in wdiicli convection is elimijiated so far as possilile. rhi.s occurs 
for propagation ^■crl^cally downwards. 

The nioti\'e power in the propagation of flame is the heat given 
out by the burning substance. It is therefore of interest to deter- 
mine bow the amount of a given substance in a limit mixture is 
affected by its caloritie value. Tn Fig. 2 the net calorilic value.s of 
the vapours examined are plotted against their lower and upper 
limits dowmwards. For con\'enience, the scale used is lliroc and 
a half times as great for the lower as for the upper limits. Mitli 
the exception of those for carbon disulphide, all tlm lower-limit 
value-s lie \'ery near to tlie smootli curve drawn through them, 
w*hil.st the upper-limit values are grouped lairly near the same 
curve. Tlip form of this curve at onoo suggests the approximate 
relationship holding between net calorific value and lower limit 
for all but one of the compounds— that the product of these two 
quantities must be roughly constant. A.s.suming thi.s law to hold, 
the limits for the other compounds have })een caleulatt'd from those 
of ether, and aie shown in Table VI. 
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Leaving aside tho^e for carbon disulphide, tho lower-limit rci^ult;; 
are strikingly good. For downward propagation, the maxitmjQ^ 
range of error is only 7 per cent., whilst for upward proparralion 
excluding also the obviously anomalous ethy! nitrite, it is H 
cent. The limits for most of those compounds could therefore be 
calculated from one another with quite a reasonable accuraev 
This is important from the practical point of view, hut is surely 
even more so from that of theory. A rough connexion betMeon 
calorific value and lower limit was shown by Le Chatelier and 
Boiidouard {loc. cif.), their constant \'a lying from about OOfj 

, Fig. 2. 

Showing the varl'Mion of liinlis for doicrnvard propagation of flame v:iik »!-■( 
calorific ixduc. 

* Indicates knver limit. c Jnd'cotcs tipper limil. 



Peivifitagi i:iip'>ar in th< limit m'xivrr [for upper Uti'i/. m'diiplp [rj 


1300, when they omitted to consider liydrogen and carbon disulphide, 
An accurate relationshi]) was shown l>y Ibirgos and Whc“]: r 'T 
1911, 99, 2013) to cxi.'t for the paraffin liydrocarbniis. In 'I’altlc VI 
there ajipear.s little to siqiport tlie theory that tlic rclationd)i|> 
holds better for similar than for dissimilar compounds, if wc exchKie 
carbon disulphide. The constant for downward propagaiitai in 
Table VI can be taken as 1130. that calculated from com])araVif 
results for methano-air by IVhcc'lcr and Burgess (T,, 1011, 105. 
2591) a.s 1140 giving very close agreement, The constants from 
determinations by Chapman ('I,, 1921. 119, 1677) for ethylene and 
propylene would be 112tt and 1200, but tiicsc might reasonably 1 h‘ 
e.xpected to be liigb, as the tubes used for limit detenniiiations veir 
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ii-a cm. diameter. The results quoted are sufticient to show that 
t|]e inverse relationship noted between net calorific value and 
percentage of combustible in the lower limit holds over a fairly wide 
range. The two outstanding exception.s are hydrogen and carbon 
(iisulphido. In both cases, the constant is about hajf the normal 
for downward propagation. These two substances also agree in 
having large differences between their limits upwards and down- 
wards, the values given by Payman for hydrogen (T., 1911), 115, 
1 PJ 6 ) being 4-2 and 9-7 per cent., respectively. That there arc 
exceptions in the other diroetion \^■as shown by testing ethyl bromide, 
which failed to propagate flainri all the W’ay, even in a 7'5 cm. tube, 
although its calorific vabu' is not very different from that of ethyl 
alcohol. It was also foinid that ammonia-air mixtures could not 
propagate flame downward.s at room temperature. On account of 
the amount of inert matter in the molecule, however, these com- 
pounds could scarcely be expected to behave normally, 

The theoretical increase of temperature for downward propa- 
gation given in Table VI is obtained by dividing I lie net calorific 
value oi the gas used by the total specific heat of the products of 
combustion, assumed to be carbon dioxide, water, and sulphur 
dioxide. Specinc heats at constant pressure liave been used, as 
being the more likely to gi\^e sound rcsiilt.v and the values chosen 
wore those of Holborn and Henning (ri/o/. /V?//- 5 /V/ 2 /c, 1905, [iv], 
18, 739; 1907, [iv], 23, 809) for nitrogen, carbon dioxide, and 
steam. The molecular valiu's for oxygen and sulphur dioxide were 
taken to be equal to those of nitrogen and carbon dioxide respec- 
tively, after Lewis and Katidall {./. Amcr. Cheni. Soc., 1912, 34, 
1128). No correction has been made for loss of heat, but the 
relative radiation figures givcni do not differ greatly, the larger 
figures licing generally found fr>r tlie compounds giving higher 
theoretical increases in tempcu'aturc. The radiating values were 
cak'ulated on the assumption tliat the flames were all of approx- 
iiuaU'ly the same temperature, as they appear to be, and that the 
whole of the radiation was due to earbon dioxide and water molecules 
radiating in the ratio of 177 to 74 (see Iicp. Brit. A&mc., 1910. 
‘'Gaseous Explosions, “ ]). 199). 

I or propagation of flanjo through it , each portion of a gas mixture 
must bo raised to the ignition 1 e ntp era t tire in turn by beat from 
the burning gas. As conduction is jircstimably responsible for the 
transfer, the heat given to an unburnt portion of the gas at a given 
distance from a burning layer will be directly j import ional to the 
eondiictivity of the mixture, as well as to tiie difference in tem- 
perature between the two layers. Owing to the small amounts 
of the vapours present at the lower limit, the conductivities of all 
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the lower-limit mixtures are approximately the same, so that ai 
each step during its heating all normal vapour mixtures would 
be receiving the same amount of heat, The specific heats of such 
mixtures would also be approximately the same, so that the rise 
in temperature of unburnt gas due to external heat would be nearly 
the same for all normal mixtures. In the ease of a limit mixture, 
when the flow of heat from the burning to the nearest unburnt 
layer has become, very small, the unbiirnt layer should have reached 
its ignition temperature. The effective ignition temperature of all 
but one of the compounds primarily examined would therefore 
appear to be much the same, and, according to the reasoning 
advanced, the velocity of the flame at the lower limit should he 
roughly the same for all those compounds. Experiment showed 
tliat this was so ; for example, the lower-limit velocities of ether, 
ethyl alcohol, acetone, and methyl ethyl ketone in air in a T) cm, 
tube dowjn\ards only waried by 2 per cent. Ihc conditions were 
those for uniform ln()^■ement, the flame being timed over 1 metre 
by moans of a stoj)-watc]i. Payman (T., 1910, 115, ]4;Ui) lias 
already .shown that the velocities in limit mixtures of the parallin 
hydrocarbons from luetlianc to pentane only differ by about 2-5 per 
cent, when tired horizontally in a 2-o cm, tube. 

The idea that many vapours in air have approximately equal 
effective ignition tciupf'ratures is not inconsistent villi the fact 
that tlic ignition temperatures of the same vajrours differ widely 
when determinod bv ordinary methods. The essential difleu'iice 
lies in the influence of the time factor. A rougli calculation show.s 
that the time which elapses between the first appreciable heating 
of a thin layer of gas in a limit mi.xlurc and its actual inflainuiatioii 
must be less than a hundredth of a second, and is [irnliabh much 
less. To propagate the flame thi' gas must ignite in an exceedingly 
brief time, whereas iu an ignition timijierature experiment the time 
allowed is generally of a different order. Thnt the ignition tem- 
perature obtained is a fuiieiiou of the time a mixture is kept at 
that temperature is obvious from the observations of laffanel and 
Le Eloch {Coiiipt. mvl. 1912, 156, 1544; 157, 4(>9), who used 
silica bulbs. Similar K'sults have been obtained )>y tlu' author in 
work (as yet unpublished] in wliieh a flame is used a,s the sourer of 
heat. Confirmatory evidem.'e is forth coming from widely difiermg 
.sources. In e.xperimeiits arising out of sub-ignition tejuperatiiu’ 
work (White and Price, he. eit.), the igjiition t(‘mj)erature of certain 
ether -ail mixtures has been .shown to l)e about 200 , when'a.s that 
of hydrogen is gmieral) y taken to be above 5(H)- . tlie minimum 
igniting euiTcnt required for the latter is not as gnnil as is ncedod 
for ether, and an examination of figure's delerniined by White am 
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Price (T., 1919, 115, 1248) shows that the S8ap.lmbl)lc method 
gives ignition temperatures about 200° higher for etlier than for 
hydrogen. These figures can only be put forward witli all re,serve 
as the time factor is certainly one only of the factors contributinR 
to give this result. It is interesting to note, however, tliat benzene 
ether, and the two varieties of light petroleum used give very 
similar results. 

It thus appears likely that the effeetive ignition' temperature in 
jiiuit experiments is often eonsiderably higher than that aeuorally 
determined, a result fitting in with calculation. UimU as cal- 
culated, using the ordinary igniticin temperatures, are given bv 
Ckmard and Brinsley in Part II of a communication on the dilution 
limits of inflammability of gaseous mixtures (T., 1!)14, 105 1865) 
The results of calculations by Burgess and \{diee!er quoted by 
Coward and Brinsley give the calculated values of the lower limits 
of methane, ethane, and propane as about a quarter of the experi- 
mental values. Their own calculation for methane makes the 
limit 2-0 per cent, instead of o-3 per cent., as determined by them 
Even according to this calculation, in which siiccific heats at con- 
stant volume were used, the discrepancy is enormous. The heat 
lost is often assumed to be radiated away. This assumption does 
not appear to be sound experimentally, as, according to the British 
Association Report referred to above, fairly large, hot flames 
generally radiate less than 20 per cent, of tlie heat given out. It 
is scarcely to be expected that a thin flame of relatively low tem- 
perature would radiate anything like this percentage of the energy 
transformed. Another idea is tliat most of the heat lost is taken 
la the products of combustion — that the Ijurning layer transfers 
heat backwards as well a.s forwards. This is probably true to a 
certain extent, but the amount of heat which has to be explained 
away is reduced to rcasonaidc dimensions if the ignition lein- 
pmiture which functions during flame propagation is .sufiieientiy 
ligh to make the ignition tenqieralure.s of most of the vapours 
exaunned approximately eipial. The anomalous behaviour of 
hydrogen and carbon disulphide is easily understood. Electrical 
experiments, the soap-bubble method, and tlie results of the author's 
1 1 me-of. ignition work referred to aliove, all tend to show tliat the 
ag in the ignition of hydrogen air mixtures is relatixely small, a 
usion conflmied hy the high Miocities at whicli flames travel 
■a t lese mixlure.s. A similar eonclusion is supported by electrical 
1‘Mieriments hi tlie (>ase of carbon disulpliide, ivhilst its ignition 
f mperatiirc is so low that a deflnite tigure could not be determined 
yv die soap.bubbh^ method. 

'g- - shows that, except for tliis compound, which always . 
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behaves abnormally, the upper limit is usually from three to four 
times as great as the lower for downward propagation, That thi 
upper limit should be roughly inversely proportional to tlie caloTifio 
value of the solvent concerned, as shown in Table VI, is therefore 
to be expected. The differences between calculated and observed 
values are about four times as great as for the lower limit, and 
theoretically about 25 per cent, more heat i.s disongagcfl. Xlip 
reason for this relationship is not immediately obvious, as vapour 
at the upper limit \vould presumably burn to carbon raoiioxidp 
and water, and even then it is the oxygen present that should I'e 
calculated on this basis. Wlien this is done, the percentage error 
occurring is not great, but the method is of no general utilitv 
owing to the fact that an error of 5 ])er cent, oir the oxygen pre>trit 
probably meau.s an error of at least 50 ])er cent, on tlie vapnur. 

Comhuslioii al the upper limit must be go\'erned by the ovvceii 
available, and an examination of the limit figures .shows either liuiit 
of a vapour for downward jwoj^agatioii is roughly inversely ])r(). 
portional to the ]iumbcr of atoms needed for perfect combustiou 
of the niolecuie, as shown in Table VII. This at once explains thr 
upper limit-ealorilic value relationship observed, as the niiiulx-r 
of oxygen atoms needed for the perfect combustion of a siiljstauoc 
is approximately proportional to its caloritlc value. 

IVliethcr the number of atoms used is tliat for perfect coinbuslioii 
or that necessary to giv(^ carl)on monoxide and water, the })roduL‘t 
ohtaineti is only veiy roughl}" constant at the up])er limit, hi 
this case there seems to l)o a distinct tendency for the “ constaiit> ’ 
obtained to have one <)f lw('> s('])ara.te values. At the lower limit 
the product obtained for the normal inixiiires varie.s Ity about 
10 per cent, of its value. We thus s(‘e that for almost all ttir 
vapours examined, at each limit, consi<lcr(d separately, tin? lieat 
disengaged per unit volume of the mixturt* is roughly the muik-. 
whilst the ratio of the free oxygem available to that mvessary lor 
perfect combustion is also rougiilv constant. 'Fiiis is jKshaps iuoiv 
clearly .seen from Table VlII, in which the ratio of the atiimiat ot 
each vapour neces.savy to give a limit mixture to tli<‘ amount wliicli 
ju.st burns ]}erfoctly is .shown, A further interesting point i> 
brought out by Tal>!e \Tf, however, if we examine the figures given 
for ethyl nitrite. TIu'se would seem to show that one of tin' oxygeii 
atoms in'tliis compound take.s iio paid in the burning of tlic' ctmi- 
bustilde ])ortion of the molecule, This is likely enough, in 
of the molecular slruclure of this compound au<l th<‘ assiuiieil 
inertness of oxygen combined with nitrogen during the hiirmiy 
of nitro-eompounds (Thornton, Phil. Mag., 1017, fvi], 33, 10b}. 

The main object of Table VIlI is to direct attention to the fad 
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Table VII, 

ShoiriiW rdaiioHshlp between the number of atoms of oxygen 
needed for the perfect combustion of a vapour and its Umiis for 
the propagation of flame doicmcard-^.. 


Xo. of afom:? 
of oxygen 



Lower 
III, lit. 

nece.ss- 
ary foi' 
perfect 
eombus- 
tioti, 


Substance. 

L,. 

X,. 

L,:<X 

Ethyl 1 
ether 1 

1-85 

M 


M<-tlni 1 


8 


Chyl 
kflotic 1 


U 


Benzene 

i-4(; 

1”) 

mo 

Toll If 111 ’ 

I'llS 

18 

rXMi 

M(’ib\l 1 

1 - 

,, 


;,l<N,i!M( 1 

Etiiyl 1 
lilcolml 1 
Ethyl 1 
iurtatc ( 

:i-To 

b 

in 

■i.i.’j 

.trvi- , 




llillHlVil:- . 

.. / 


- J ■ 1 

Ethyl 1 


(i-a 

:'4'!» 

nitrile i 


4-r> 

17-2 

Pyriihru* 

1-84 

12:, 

rail 

('Vivlw!'i 1 
di^uijili!’!.- 1 

Mil 


1 1 'a 


Xo. of ’atoms 
of oxygen 
neoessary for 
complete 
combust ion to 
]-'P'‘r CO and 


liniit. 

J.,. 

/.vX,. 

’h.,0. 

A\. 

L.YsX, 

(bid 

7(';-8 

8 

ol’2 

8’i;rj 

(;s'8 

5 

4:h0 

7 'flu 

84 -i; 

7 

53-2 

rr5,-> 

s:i-2 

!l 

50-0 

4’lill 

s2-S 

11 

oU-tj 


7h',7 

2 

o3-U 

1 1 ’,7 

CM ’ll 

4 

40 0 

7-1 

71 (1 

(i 

42-0 

l:h4 

(m'U 

3 

40 2 

la-l 

*(S-1 

4o 

67 ’9 

iK-U 

2 ■3 

37-7 

7 '2 

IKI’O 

7o 

o4U 

1 

210 

0 

ITa 


dial tlio liniil.s iur downward ])ropagatioii are situated symmetrically 
about a mixture }lalf^vay lictncen lltat for perfect combustion and 
one Imrtiiug eompletcly to carliou monoxide and water. Thi.s 
can at onre bo seen from columns and 0, in which the sum of 
these two mixtures and the sutii of tlie two limits are shown to be 
nearly ec|uab ('xeepf foi' carlxm disulnliide, 

I ho hist eolinnn ot Table \TI[ sfiows why results calculated 
from calorific valm-s and from the oxygen needed to burn n vapour 
jjcrfeetly agrei* so weil. loir the nitic compounds containing only 
carbon, hydrogen, and oxygon, tlic variation is only 4 [)cr cent., 
and the dillcrenc'e only liccomcs serious for carbon disulphide. 
Ihe close agreement olatalned is not general, however, beuig partly 
due to the tact that the substanee.s considered are all volatile liquids 
near room temperature. Thus metliane gives a value of 1810, 
Fopane lUbtl, hexane 107(1, On the other hand, structure 
apparently has an etfeet, as ctfivlene gives a value 2090. 

It will be seen that the lower liiiiit downwards can be found with 
i'(^asonable acemacy for eleven out of the twelve solvents examined 
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bvcotisidering either the calorific value of the solvent or the oxygen 
needed for its combustion, A rough value for the upper limit can 
be found by the same methods, or through the lower limit, either 
bv utilising the roughly constant ratio between the limits, or by 
nlakiiig use of the eciuation verified in Table 

VlJl. The comparative inaccuracy of the iipperdimit. methods is 
undoubtedly due to the relative complexity of the transformations 
occurring when compared with the lower limit. The prolonging 
of coiuhustion may partly account; for the greater amount of heat 
evolved per unit volume at the upper liinit, but another probable 
cause is un increase in the effective ignition temperature. 

In all but two cases the differences lietween the lower limits for 
different directions of propagation are not great. For ethyl nitrite 
and carbon disulphide they are serious and show the important 
influence exerted by convection. This factor exerts a marked 
effect in all cases at the upper limit, the limit upwards being from 
1-3 to 1-7 times as great as downwards in normal circumstances. 
Where the cool flame enters, the influence of this factor in increasing 
the limit for horizontal and upward propagation is much enhanced. 

Sununari/. 

Limits for the propagation of flame when mixed with air in glass 
tubes up to 7-5 cm. in diameter have been determined near room 
temperature for twelve vapours, for upward, horizontal, and down- 
ward propagation. The extreme ranges of inflammability found 
were as follows : 


Limit of propaRation Limit of propagation. 

SubEtance. Upwards, nownwards. Sub.stance. Upwards. ]>ownwards. ' 

Kthyl ftther 1 '71 to 48-0 US') ti' ivT) Kthvl alcohol ir.jftro IS O 3-75to ll-o 

Acetone il-SO „ Id'Oo ,, 8 60 Kthyl acetate d-dO., 11-4 2-33 ,, 7-1 

Methyl ethyl ketone 1'97 ,, lOU d'O.") ,, 7'« Acetaldehyde .T07 ,, 57 4>27„ 13-4 

fienzene Ml,, "-Ao 1-40 ,i-5.5 Kthvl nitrite 30i., >50 3>S3,, 15.| 

lolueue 1 -27 „ 0'7 .t U28., ■} 81,1 Pyridine LSI „ 124 1-SS „ 7-2 

Methyl alcohol " 0.7 „ oO-j 747) 20-5 Carbon disulphide l Ob ,, .50-0 1-oi „ 35-0 


In some eases there were two fundamentally distinct range.s, 
one for the *’ cool ” and one for the ordinary flame. The cool 
flame w'as not generally pro])agated do\snwards. Whether a flame 
was extinguished in, or traversed, certain vapour-air mixture .3 
seemed to depend on the type of flame started, which was generally 
governable by varying the means of ignition. In sucli cases the 
upper limit obtained depended on the means of igiiitiojj adopted. 

The cooling effect of the walls did not appear to he important in 
tubes 7’5 cm. in diameter. The differences between results deter- 
mined ill tubes of various diameters were ver}' much less than those 
fomid by Eitner {loc. cit.). .Except in two cases, lower limits did 
not differ greatly with direction of propagation. Upper limits for 
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upward propagatipn were about one and a half times as great 
for propagation downwards, except for those cases in whidl 
cool flame appeared, when the ratio was generally mueli greate^ 

It was found that for all except one of the solvents oiiaij, 
examined, the lower limit for downward propagati(in was approsiij^' 
ately inversely proportional to the net calorific value of the vanf ' 
used. The corresponding upper limit followed a similar iT 
roughly, the upper limit being about three and a half times tie 
lower. The effective ignition temperature of eleven of the 
limit mixtures Avould thus appear to be much the same, 
presumably a good deal higher than those ordinarily deteimiiii-j 
experimentally, owing to -the small interval of time in which iuiv 
one layer of gas has to be ignited. The velocity of uniform move 
ment of flame downwards in all but one of these limit mixtures «•a^ 
almost the same. 

As miglit have Ixaui anticijiated from the ealorilie value relation 
the amount of oxygen available for the combustion of a vapour in 
its limit mixture bore a fairly constant ratio to the amount requirtd 
for the perfect combustion of I molecule of llu' vapour. Thus the 
amount of solvent m a lower-limit inixtme {downwards} wa-; 
0‘d7 times that present in the mixture for perfect com bust ion 
whilst the ratio for the corresponding upper-limit mixture was 
just under 2. For propagation in this direction, it was also shown 
that the sum of the limits was generally equal to the sum of \h 
amounts of solvent necessary to give (1) perfect couibustion, 
(2) complete combustion to carbon monoxide and water. The 
upper and lower limits are thus situated stunractrically about a 
mixture half-way l)etween (1) and (2). 

1 wish to thank Messrs. Xobcl Industrie.s, Idd., ami parlitularlv 
Mr. Rintou!, Manager of the Research Section, for facilities accorded 
me for carrying out this work. 

ThR XORT.r LABCiRATORlE?, 

AaDi:nR. 'Rrairid, Apff 192 ..] 


(.'XLIX. — Use of Iron Pyrites in a Friefld-i'rajls 
Jicarfion. 

By John Aemstkon(; S.mythf,. 

The observation.^ recorded in this paper arc the outcome of dicmpi' 
made to improve the methods of preparation of sulphur compound' 
of benzyl. The usual methods, which involve the use of alcoholie 
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solutions of alkali sulphides, suller from certain limitations and 
disadvantages; for example, solutions containing more sulphur 
than corresponds with the alkali disuljdudc do not yield aliphatic 
po^ulphidcs higher than the disulphide (Holmberg, Annalen 
1907, 359, 81), and solutions of the monosulphide, on reaction’ 
,nth benzyl chloride, give rise to a mixture of benzyl mercaptan 
dibenzyl sulphide, and benzyl ethyl ether, hrom the circumstance 
last mentioned, it follows that an alcoholic solution of sodium 
sulphide contains, not only sulphide, but also hydrosulphido and 
sodium cthoxide ; a somewhat complex equilibrium js liius set up 
some aspects of which have already been investigated bv Kide 
(T., 101 : 1 , 103 , 871). . ^ 3 

The substitution of insoluble sulphides of the im tals, cspeeially 
the well-delined natural one.s, for the soluble alkali sulphides 
suggested itself as a nietliod of oliviating tln-se liydrolytie effeets 
and, in the event of their proving a success, as a mean.s^of gaining 
some insiglit into tlic nature of the polysulpliide minerals. It was 
found on trial that when benzyl ehioridc is gently warmed with 
either iron pyrites (ir molybdenite, very \dgorous reaction takes 
place, the outstanding feature of which is the evolution of a lari^e 
volume of hydrogen chloride. The suspicion that these reactioL 
are of the Fne(Icl-Craft.s type and owe their initiation to the form- 
ation of a metal chloride ^vas soon conlirmed, and the development 
of the subject proceeded along two main lines. 

it \^•as shoun, fhst, that the aclivity of molybdenite is occasioned 
by the presmicc in it of pyrites, and a melhod'^ was devised whercbv 
the pyntic impurity can be removed. The \ igour of tlu^ reaction 
ill the case of pyrites itself has been proved to depend greatly on 
tat caie taken iii its purilir'atioii. sample of thiely powdered 
pyrites has yet been prepared which i.> without action on benzyl 
chloride; but as it.s activity deert'ase^ with the I'emoval of eon- 
stitiicnt.> soluble in acid, and diminished opport unity for 
oxidation to take place, it prulsabie that benzyl chloride has no 
specific action on iron disiilphitle. Although the question cannot 
be regarded as dolinitely settled, the view maintained at present 
is that the action of benzyl chloride both on molybdenite and 
pyrites is due to the presence in each mineral of a small quantity 
of some oxidised product derived from iron chsulphide, with vvhich 
the organic chloride reacts to form ferric chloride; this last is the 
Elective catalyst. 

The second line of development lay in the study of the action 
>f pyi'ites, purified without special precautions, on a mixture of 
benzyl chloride and benzene, h’roni this reaction, dipiienyl- 
methane and both o- and p-dibcnzyibenzene have been isolated. 
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and there is evide;ice, also, of the presence of ^«-dibenzylhej, 2 f.j^p 
and totrabenzylbenzenc, besides other compounds of the 
class. Accompanying these crystalline substances arc 
promising appearance, with violet fluorescence, which an* vnlati] 
under reduced pressure. They are possibly benzyl derivativ- 
of dihydroapthracene, hut this cannot be positively affiruuHl, sincx- 
their chemical behaviour is so unsatisfactory. 

The possible, use of py rites in reactions of the hriedel-( raft, 
type is obviously, from the few trials wdiich have been made, not 
one capable of even moderate expansion. It might be applicah],, 
to some of the somewliat limited number of cases where a minute 
quantity of ferric chloride is adequate to carry on the catalvtic 
process, and, on such ocea.sions, the pyrites might serve as a con 
venient means of intrcxlucing the requisite amount of catalyst in 
an anhydrous condition. It evidently possesses one merit wliidj 
is often lacking in the classic reaction and certain of its variants 
for the products are extremely clean and free from tarry matter 
and it is unlikely that the catalyst can exert any destructive action 
on the products, such as often occurs w'ith aluminium chloride 
To illustrate the point, it will suffice to quote one example. Bv 
the action of the aluminium-mercury couple on a mixture nf henzvl 
chloride and benzene. Hirst and Cohen (T., 1895, 67, 826) found 
that only 86 per cent, of the chlorine was evolved as hydrochloric 
acid, the remainder being left in the oily products; in the present 
case, where pyrites acts on the same mixture, the products of 
reaction arc entirely free from chlorine. 

Experimental. 

The reaction between finely^ ground iron pyrites or molybdenite 
and benzyl chloride sets in at about 50" with great vigour; there 
is copious disengagement of hydrogen chloride, and a dense oil, 
not volatile in a ourrenl of steam, remains. The mineral can be 
recovered almost quantitatively, and there is no evidence of the 
production of organic .sulphur compounds. A similar reaction h 
brought about by the addition of a minute quantity of ferric 
chloride to benzyl chloride, even in the cold, and it is common to 
all these reactions tliat they are inhibited by the addition of ether. 
Test ex|)erimcnts, in which small and varying amounts of ether 
were a<Ai‘^d to the reacting materials, heated in open tubes, showed 
that the onset of reaction was delayed in ])ro])ortion to the quantity 
of ether present. Taken in conjunction with the proof, to be given 
later, that the activity of molybdenite is due to pyrites contained 
in it, it would appear that the eatalyst in all these cases is ferric 
chloride, an(t that the compound which this forms with ether. 
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(Forstor, (V^opcr, and Yanow, %, 11)17, 112, 809), 
i/a-ilJiout effect on })enzy} ehloridc ; only when it has been decom- 
posed by beating docs the reaction of condensation bc'come possible. 

^ Tbe violence of reaction is moderated by suitable dilution ^yith 
an organic solvent. When, for example, 20 grams of benzyl 
fiiloridc and 30 c.c. of carbon tetraehloridc are heated Mith pyrites 
m tbc uater-bath for twelve hours, there is a steady evolution of 
livdrogeii chloride, and the subsequimt distillation 'in a current of 
:;U‘aui removes the solvent, along with. 10 grams of unaltered 
henzvl chloride. There is no vulatile product formed, and the 
rrddual oils resembh^ entirely those ])rodaced without the inter- 
vention of a solvent. Jlenzenc lia.s a similar moderating elfect, 
with the ditference, 1 iow('V(t, that it enters into reaction with the 
bciizvl elilorklc and forms one (^omponnd, fli])lieny]methane, 
volatile in a current of steany and otlua's, of mnihr nature, not 
volatile in these condition-s. To illustrate this reaction, the fol- 
lowing data may be quoted. Twenty-four grams of benzyl cliloridc 
and \o e.c. of benzene, heated fur t^\el\a^ hours uitli pyrite.s on 
the water-balh, yielded d'-i grams of di])henylinethane, and C 
f^wms of unaltered benzyl chloride' were recovered. 

Ill three similar experiment, s, in wlucli execs, s of benzene was 
employed, 74 grams of benzyl eiiloridc were lesed up and N’icldcd 
11-8 grams of diphenylmetliane (Ki jier cent.) and 60 grams of 
noiwolatiie oils (8i per cent.). As tiie organic products were 
free from chlorine, and as the removal of all the chlorine (as 
hydrogen chloride) from benzyl cliloride involve.s a los.s of 29 per 
cent, by wi'ight, it is evident that a good dead of lienzene had 
taken part in the reaction, Tlie yield of diphenvlmetliane in 
these three experiments in wliieln tor one equivalent of benzyl 
chloride, 1, 2, and 8 equivahtit.s of Itcnzene were used, was 7, 13-5, 
and 27 jier cent, respectividy, of the ueiglit of the chloride or 
roughly in the proportion 1 : 2 : 1, 

Xo diilerence can he di'icctcii. nidi re.s 2 )ect to their action on 
benzA'l chloride, between pyi'itc.s and iiiareasite, both ground tinciy 
without further treatineiit. Both are somewhat un-stable minerals 
and marcasite is jiartieularly siisceptible to oxidation. Exjieri- 
Hicnts made to test the iaduenee of puriliealion of pyrites and 
benzyl eldoride on their mutual reaction show that the intensity 
ef the reactioti is diminished according as the benzyl chloride is 
purified, and also in a degree proportional to the removal of 
imparities (oxidation products) from pyrite.s and to the care taken 
to ]ircvent tlie possibility of tlic.sc arising. The benzyl chloride 
tvas purified by^l-epeated fractional distillalion, and a large fraction 
obtained boilimr at liT-T-TlT-Ori This was freed, as far as 
von. cxxi, ' V Y 
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possif)Io, from hydvogcii cliloi'ido, liy hciiling for throe 
J20‘^ in a stream of carbon dioxide. The pyrites was finely gromifj 
and digested repeatedly on the water-bath with eoii[cej]j,.,j|,,j, 
hydrochloric acid, then washed with suction, in an altnfis])]^.!.^, 
of earl)on dioxich*, successively with cold water, aleolu/i p]-;. 
remov('d siilpliiir), and ether, all these liquids being saturated \vitli 
carbon dioxide; tinali}^ it was dried on a tile, over sulplmric ati(| 
in an atmosphere of carbon dioxid(\ Tlie tcmi)craturc of n-jutiM, 
of the materials thus purified, as indieated ]>_v proiHnmeec! 
and generation oi bubbles of hydrogen ebloride witliiii llu* 
was raised to loO"', and a sample of the same mineral aftc'r e^J;()M^l■^. 
to air for one day, initiated the reaetion with the pnrjjied bciird 
chloride at 7d'^. 

Tiie action of molybdenite' resembles, in all I'cspects, iluit cj 
pyrites; it is inhibited by ether, moderated by carbon teua. 
chloride anil by benzejie, and, in the last ease, the diluent takc^ 
part in the reaction. A sampb', purilied by long digc.^Mioii wiitj 
iiydrochlorie acid, was found to be jnuch less active tlmn tliecriific 
mineral; I gram of it, lieated with 41) grams of benz_\i clilnrkV 
and 7.“) c.c. of benzene for twenty-one hours, yielded 4-8 grams of 
di])henylmethane, and 21 grams of unaltered benzyl chloride woir 
recovered. This sani[)le contained iron which could he brniiwlii 
into solution, to some extent, along with suljduiric acid, even kv 
prolonged digestion with warm water. This ol^servation IIutv, 
doubt on the .su])positioji, naturally made at an early stage in tlio 
work, that the activit}' of molybdenite was eaiiseri by the fonr- 
ation of molybdenum cldoride ; tliat it is really due to the prewiin 
of pvTites, in intimate admixture, seems evident from the follmv. 
ing experiments, and tire method therein described, although at 
present lacking the analytical data for complete sati.‘'faetion. seci;]? 
an effective one for removing pyrites from molybdenite, aU'ieiigh 
at the exj)ense of s<'nie of the la Her. 

The mineral lift'd was of unknown ru’igin, ami its eliit'f iinpnnti:- 
were iron, copper, and i)i>mulh, ft was ground with caicite (vdiidi 
serves to himler llakiiig). ('xtraeted with tliluti' hydroehlork* add. 
and the residue thoroughly digested with tlie eonceiit rated acid. 
It was tlien levigat(‘d. waslu'd with water and alcohol, regixnind. 
and the operations repealed. 4'he linest portion was tlu'u aiulol 
to molterp potassium hydroxide aitd maintained at l"iU' for feriy- 
five t linule.'^. Kxtraotion vdtii water removed soluble iron jukI 
molybdenum compounds, and thi' ix'sidm' yielded also stmie iron 
on digestion with hydrochloric acid. ItencM’ed treatment of tlic 
mineral with alkali, extraction uith water, and digr'sfion with 
acid, c.xaetly as before, yielded a s])o(;imen fi'ce from ioai ami 
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ivitlioufc action on benzyl cliloiide. Tlie alla'ck of the alkali 
aiolybclenum disulphide is limited undcT the. above conditinr 
for from grams of the mineral, 2-,i grams tvere recovered afto 
ilic lirst treatment and 2-4 grams after tlie seeond \t a liighcr 
temperature, however, molybdenum disulphide is ' eomph tciv 
(lc(-uniposerI by potassiuiii liydroxidc. ’ ^ 

It may be remarke.l here that pyrite.s reacts rapjdlv will, „,„ltcn 
putassuini hydroxide at l.,0 gn „ig an intense blood-ivd coloration 
a little water is added to tlie cooled product, tlu' celour 
c-lKuiycs iiLstantly to brittht preen, and on dissolving tlie alkali 
ill waler, ferrous sulphidi* scjiaratcs ;uid the solution is rick in 
ilnosulpliatc. Tiiese pliciioiucna are intiinalclv relaled to tlnKo ‘ 
described by do Koninek {IJud. Sor. dum. IPKp 

ivhich are produeed by the acdwin of fused alkali sulphides on iron 
or any of its compounds, and on v. hich a test for iron is based, 
more delicate than the feiTocyanidc rcaclion. Tlie erude niolvb- 
denite used in the above naiotifins ga\e tin; hloodnvd coloration 
uith molten alkali as strongly as pyrites, hut the purified mineral 
which did not react witli hvmyl chloride, gave no such colour 
and on dissolving tiie product from the last treatment in water 
die alkaiini' solution was sliglitly brown and contaim'd only a 
iiltlc molybdenum and sulphur, present as sulphide and, to some 
extent, as sulphate. The evidence is tliiis complete that the activity 
of molybdenite tou'ards benzyl clilonde depends on the presence 
of admixed pyrites. Tneidentally, the statement of Puchs 
{lufomationes y mrm. m\ iug. ikre, 191S, 20, 42:p see A., 1920, 
ii; 390} that the formation of a red double sulphide, dissolving in 
water to a blue, green, or yellow solution, according to the stage of 
oxidation of the molybdenum, by the action of fused pota.^sium 
hydroxide on molybdenite, is a test for the mineral is erroneous, since 
these ciiccts are dcrmit(’ly traeciihle to tlie pre.sence of iron pyrites. 

Although these results limit the problem, they yet fail to enable 
one to state positively by wJiat means tlie cataiyst is generated in 
the ivaction b(‘t^u’en pyrites and benzyl chloride. Tlie two 
natural monosul pliides of iron, pyrrhotite, FeS or where, n 

lai.s some value from o to Ki. and poMtlandite, (Fe.XijS, appear to 
he without acliun mi ben/.yi chloride; otiicr .siilpliides, like blende 
and wui'tzite, ZuN, arc also indhrereiit, althougJi they may contain 
non as impurity. ( halcopvrite, ('u.,8,Fc.vS.^. sliowed curious 
'‘riiaviour, for no action ’icas observabie after six hour, s' heating at 
hJO ; Init the mixture, after kee])ing for a week or two, entered 
into vigorous ri'action on gently warming, as though (he mineral 
ba(l l)('en resolved .slowly into its ])ro.\imate eon.^tituents. 
iiiese obse’-'.-itious are conristent with the view that iron in 
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a ferric coiiditiun iiocetjsary anti confirm the evidence on thin 
point derived from tlie iniiibitory power of ether, The fact that 
an unbi'okeji, cubical crystal of pyrites was found to be inert 
towards benzyl chloride, eveii after long heating, seems to negative 
the possibility of .specific action between tlic two, and the cxpla^. 
ation best in 'acc'ord witli the facts is that ferric chloride is formed 
by' the act ion of benzyl cliloride on some oxidation product of 
the pyTito.s. The possibility that hydrogen chloride, either present 
in the benzyl chloride, or formed from it by the agency of moisture, 
may' play an important jiart in the process cannot be oveidooked 
although it would scarcely be consistent with the ohservatiou 
that a specimen of })yTites, ^a'l■y active towards benzyl chloride, 
had no eflcct on a mixture of benzoyl chloride and benzene, or 
on one of eldoroform and benzene, even after ten hours’ heatinj-, 
for l)olli these rt'aclions are catalysed l)y fc'rric eldoride and. in 
the fonrter ease at least, there is no lack of hydroeliloric acid. 

The Ikueilon hcAu'ee^i lkn:}il Chloride and Benzene in 
Tri-ienee of Iron Pyrile-r. 

Some of the general phenoiiiena a( tending ibis reaction, as ucll 
as tlie data ('oncerning the yields of diphenyhnethane, have alrcadv 
been gi\en. 'this will now be supplemented l)y other detaib 
and a description of the examination of the products. The method 
of working may be illustrated by a typical experiment : gratm 

of joowdered pyrites, purified by treatment with hydrochloric acid, 
4S grains of benzyl chloiide, and 60 grams of benzene were Iicaled 
under rethix for twenty hour,', Exolution of hydrogen chloride 
was ccmtinuous throughout this period. Oil distilling the jiroduii 
in a current of steam, imaltercd benzene and benzyl chloride cam*" 
over Cjuickiy and were collected, dried, and fractionated, wherobv 
four grams of benzyl chloride xx ere recovered. These \x ere followed 
by a less voialile oil, smelling of oranges and crystallising in the 
condenser; this proved to be dijihenylraethane, in. p. 2Sy ii. p. 
261 fi Tlie rc.'idual. nomvolatile oil was soluble in ether, light 
petroleum, or benzene', the solulions having a violet fluoresceiicf 
and appearing green in transmit ted light , The pyrites xvas recovered 
unaltered for the greater part, although very small quantities of 
iron xvere present in the oils and in the watery liquor; as some 
of this iron is derived from the mineral during the steam-treatment; 
it is evident that the amount necessary to catakse the reaction 
is very small. 

The iioin volatile oils from several similar experiments, about 
60 grams in all, were fractionated twice under reduced pressure 
'{14 mm.). On the first distillation, 75 per cent, came over bcloiv 
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360“ and the residue set, on cooling, to a hard, gumdike mass 
liquefied on warming gently, with a strong violet fluorescence and 
jreen in transmitted light. The second fractionation vielded sjr 
fractions between 220° and ,‘120°, of which the first two,' con.stitut- 
ing nearly .50 per cent, of the wliole, boiled at 22 (k 23;)= 
vOliclified to a snow-white mass in the receiver: thr- tliii~{rc'^‘13— 
240^) bocamo mostly solid, and tlie remainder wriv larHv"oilv 
even after long keeping. The oily matter was, strained off 
far as possible, from the crystals, and the latter submitted to a 
lengthy proces,s of fractional crystallisalion, the solvents u.^eil 
being, in order, acetic acid, alcohol, acctoM(\ light petrolomn and 
benzene. Thus were obtained and idvntilied tlu- ivw) maii/solid 
con-stitiients of the mi.\ture, along with l everal .iinall crops, Mniio 
probably pure, and tln^ imerystallisalilf^ oils. 

One of the, sc conijdounds erystallisi^s iji donrier needles, m p 
TOMFoimd: 0-02-73; H -- (i-OS : d/ - 237. repnin-s 

c.. 03-02: H ... 0-08 per cent.; ,)/ .r 23S). On r^xidnllon with 
(■'iromie acid, in solution of aeelic aeid. it vields a crv.^lalline 
pmduct, which after reeiystalli.sation from alef)hol and m-etoju- 
melts at 140°. The hydrocarbon is thus n-dibem^.yl benzene and 
the oxidation product the corresponding dike-tone. 

Tlio other compoLind sometimes ciAstallises in large, liat tablets, 
sometimes in short, tooth-sha})pd , shafts, m. p. 87^ [Found: 
C- 93-11; H - 7-07 per cent.: J/ ^ 229 (ebullioseopie). 22-8 
(ervoseopie)], and the compound is isomeric with the above. 
Oxidation with chromic acid yields a product, m. p. 1G2^ and 
the hvdrocarbon is thus p-di benzyl benzene. 

Of these two cotnpoimds, the drllio occurs eliiciiy in the first 
two fractions, tlie para in the second and tliird. and rhey are jircsent 
roughly iti tlu' in-oportimi of I ; 2. Tloth were iireifared alino.-t 
simultaueou.sly by Ziiieke (/kr. 1873. G, 119) and Kaeyer fdaV/., 
p. 220), the former of whom nbtainefl tiiem by the ai-tion of :/ine 
on a mixture of benzene and bi*n/.vl chloride, and tin- latter !jy 
the condensation of nmiliylal and iu-nzene by meajjs of suljduirie 
acid. Zincke's later work [Ui-r.. 187(b 9. 31) led to their eompleti- 
identification and that of their oxidatimi prodimts. the dihenzoyl- 
berizenes. The nioiting points of tlir four ciuripoiimb. given by 
Zincke, are 78'. 8fV, 145— ]4I>\ 159— KiU — all slightly lower than 
those given above. According to Hadziewanowski (/)Vr.. 1894. 
■^7. 3237), the dibeiizylbenzenes are prodneed, not I.>y direcl m tion 
of benzyl chloride on benzene, but at the cxpaai^e of the diphenyi- 
ujctlianc. since the yield of the isoniorides can lie snbstatUially 
unproved only by replacing diplionvluu'thane for lienzenc in die 
friedel-C rafts' reaction with benzyl cldoriue. 
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Of the smaller fractions, two, which were apparently 
melting at 81° and 9'0°, proved to be identical, for tliey both yk-kippj 
on oxidation with chromic acid the same compound, in. p. 
Analysis of the latter {of which only 0*05 gram was a\';iilab]pj 
gave C = 82*10; H = 5*07, which corresponds with the eom! 
position of a tetrabenzoylhenzone ( 034 l-T 2 <i 04 requires C=:S2-Go. 
H " 4*45 per cent.)- The hydrocarbon is thus probably 
hitherto unknown tetrabenzylbonzene, and presumably its meltkcr 
point approximates to 90°. The difficulty of separating th^ 
liydrocarbons has been recordc'd by Zincke, and several cases liavc 
been met with in the course of this work, where melting points 
remained persistently low on rccrystallisation. Thus a small 
fraction, m. p. 81°, which was thought to he pure, was found In 
be identical with p-dibcnzylbenzeiie, m. p. 87°, sihee it weldod tlm 
same oxidation pi'oduct, m. p. 162^. 

The fraction most soluble in all solvents had the lowest incUiuji 
point, 63°, and gave on analysis = 93*10; II — 7*02 per eem,, 
corresponding with (ho em])iricnl formula tlms 

possibly the third dibenzvlbcnzeiu', which docs not appear to ha\e 
l)een described. Oxidation with chromic acid yielded a coinpuinifl. 
soluble ill hot chloroform, m. j). 155b Of the two remaining small 
fractions, one melted at 76—77° and its oxidation ])rodiiet at lO.V; 
the otlier, m. p. 73°, gave an oxidation product, m. p. M-4 . 
distinguished fi'otn all the others ]>y its sulphur-yellow eolour. 
Although the ideufiiieation of the last three liydrocarbons is not 
possible at ])resent, they evidently belong to tlie same group of 
benzyl substitution pirodiicts of l)enzene, and all the.se yiOd simiiLir 
oxidation jiroduots witli chromic acid whicli are very sparineiv 
soluble in alcohol, but fairly solulde in boiling chloroform. 

The oils which accompany the crystalHiu* hydrocarbons ami 
were partly removed by hltration from tlic original distillatinii- 
fractions, partly s(‘])arated out in llu* ]moc{‘ss of fractional cryvtal- 
iisation, especially from alcoliol solutions, resisted all attempt? 
to bring them to crystallisation. Oxidati(m with chromic acid 
and other oxidising agents was e(|ually unsatisfactory, the products 
in all cases being oils, forming pei'manent emulsions with water. 
The heaviest fraction, not volatile at 360° I t mm. and left in tlte 
distilling flask after tin' lii’st fractionation, gavt* on analyd? 
0 = 93*10; H = 6*73 ]U'r cent., and left a minute quantity of 
ferric oxifTe after combustion. This agrees with tlie (•niiiirioal 
formula whicli reipiirt's 0 = 93*33 : H -6*66 jmr cent.. 

and is common to dihydroanlliracciu* and all its jxissihle hcuzyl- 
substitution derivatives. These ar(' likely jiroduels of the self- 
condensation of benzyl chloride, Xit indirations were focud of 
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the presence of diliydroantliraeone, and tlierefoiv it seems pos.silile 
that these oils are mixtures of its lum/yl derivatives, about wiiiidi 
,yr knowledge is practically non-existent; the investigatioji of 
the oils, as already remarked, failed to give any indication of their 

nature. 

AlOISTHOXG COLCKCE, 
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Cl.— Truth jUne, Tri- (mil Tetra-.^ulphklm. Pari 11. 

By 8 in PRAnoLA CiiAxoRA Kay, 

TiiE preparation and ])i‘opertie.s of th(‘se cyclic polysulphide.s have 
already been describtsl (T., 1920, 117. 1000). Their various 
derivatives form tlu' subject of the pre.sent eonimunicalion. 

The compounds produced by tin* reaction of tiiethylene tri- 
sulphide with mercune nitrite and vith luercuric cldoride have 
the formiiliB ((-2^4)383, 2irg(X(),,), and (( 211^)383, 3HgCb, respec- 
tively. Evidently on account of its groatei' nujlccidar weight, 
only two molecul('.s of nitrite can comliiju' witli one molecule 
of the po!ysulphi(h‘, v. hich, however, can coniljine with the expected 
three molecule, s of the chloride. These compounds may bo regarded 
as suljilioniiim derivatives in which the Idvaicnt sulphur atoms in 
the ring become quadi'i valent, thus : 

>S -- HgCI. — 

When the mercuric nitrite niereaptido is treat('d with ethvl iodide, 
the corre.sponding trisul])lioniniu dci ivative, (('.,[!4),;S,,.HgT,,.2Ktl, is 
oMaiiied (compare T., 1919, 115. 292), ami also a derivative of 
l:4-dithian, namely, ((hilil.jSo.HgP.Ktl. 

From triethylene t(‘trasulphi(ios and mercuric chloride, two 
distinct compounds liav(‘ l)('(‘n ofdained, Tlie J^Fmodilication (m. p. 
194 ) gave one, with tlu‘ fonniila (02114)384. 1 2 HglE. whilst the 
imioditicalioii (m. p. ,39 — (id') gave the eompoiind (1^14)383, llgCU ; 
that is, in tlie latter ea.se one* atom of sulphur in the ring is elimin- 
ated. Thi.s remnr’kable jiroiiiu'ty will be noticed below in .some 
other instances, for examj^le, in the eompouiids with ethyl iodide 
or platinic ehloridm Tlu' underlying principle seems *to Ik^ that 
^vlif'n this eoin])lex sul[)liide ring loaded with a compound having 
a High molecular wi'ight. the baiiKU’ is j)ut (<> a state of strain and 
Els thus to part witli either an atom of sulphur or the complex, 
Ehki4*8', tlurs : 
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aH, 

(] ; i-DilJlian.) 

s 

The polymerisation of these sulphides has already'' been referrc'] 
to; the ^-modification has been proved to bo made up of foy,. 
associated molecules and it was suspected that those wilh liiglu- 
melting jioints liad been formed by the coalescence of more than 
four simple molecules [loc. cil., p. 1001). Tlic |^-modifieatki]i 
yields with (tlivl iodide a compound, and tiif' 

y-modificatiou yield.s two derivatives, and 

[(C 2 n 4 )jSJo,KtT, rc.'^pectively. Tn nifirked coni nisi willi tliai of 
tlio S-inotlilicat ion is the bcliaviour ot tlie t;i-\ arifd.y tovanl.s ettiy! 
iodide. Wiien it was heated iiiidej' rellux with this reagent, it 
be^^’an to ('volve livdrogon sulphide, ilie reaction was eojidmifij 
for se\a‘ral Jiour.s until iio more gas was gdeen off. The prodna, 
cry.stalli.sed from hot acitone, melted sharply at 77^; it conformed 
to\he formula delinite constitution eoiiH 

be assigned In it. 

Xdvnu Iriethylcnc disulphide dinKU'captan and mercuric nitiiie th- 
corre.sponding dinitritomercaptide. (C'2tl4)3b2(*S'HgX()o)2> ha>. bet-’] 
obtained, wliich, by inti'raetion with (dliyl iodide, yields two deriv 
atives liaving an identical empirical formula, ((bKjlj.^ddaf.^eErl, 
Evidentlv the.se are trisulphoninm ennipouiui.s to which the onasi'- 
Ni(iiaI)-('diySKtl . . . 

tutioiial furmulci ^Sldt Ml 

pare T,. lOM.llB. 202). 

The interaction ot cthylciu' mercaptan and imTcuiic nitiite iia" 
already been siudicd (T., 1910, 109 , 00.7). A ])urer pmduet is 
obtained wlnni. instcatl of ethylem* nua'cajitati itself, its puta.s.oun 
derivative, SlbCMlySK. is user!. The mcrcaptidi' nitrite eoufonu^ 
to the formiilii foilowing 

reaction takes place : 

XOyHg* XO.-K .S-CMfpS II 0 H S-(MlpS K M XOy Hg-Nib 

- • - XOyifg-S'CbHyS-S'CMly^'^^’^^i' 

As ctlivlene mercaptan is very liable to aerial oxidation, the twa 
molecules ‘coalesce as shown above. Tliis mereaiitidc niinta-. 
again, by interaction with (dhyl iodirle, has been found to AM 
three distinct sulplioniiiin derivatives; two conforming to tk 
formula (C.>ll5).3S,„2HgT.,.2I‘:t], and llie third to the foviiiub 
(C,H4)2S4,ngr.2.2Etr. in the fornK'r ail the four suljilmr atone 
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Iiafe become quadrivalent, whilst in the hitler one atom remains 
hivalent. The compound (C,H,),S„HgI,.E(l has already been 
described (T., 1917, 111, 105), and incidentally it was stated “ that 
„.lieno«‘r there are more than tira atoms of sulphur in a molecule 
some (but not all) can become quadrivalent,” It is nm? found 
that not only two or three Imt all the sulphur atoms in the ring 
can become quadrivalent. 


Two distinct cliloromercaptidcs have been obtained from tri- 
ethylene trisulphido and platinic chloride coidorming to the formuhe 
(CjHjlsSj.PtCbj and (C 2 Hi) 3 S 2 ,PtCl 3 , respectively; in the latter 
case an atom of sulphur is eliminated {vi(h supm). 


X P E R I M E y t A L. 

Trielkyhne Trisulphide and Mercuric Mirite.—To the dilute 
cilcoholic solution of the sulphide a solution of sodium mercuric 
nitrite was added in a thin stream \\-ith con.stant stirring. The 
copious precipitate obtained wa.s washed, and dried in a vacuum 
desiccator. The crystals were nacreou.s and had a faint yellow 
tint; when treated with hydroehloric acid, they evolved red fume.s 
(Found ; Hg ^ X G-01. Jig, requires Hg ^ 

a2’36; iX - 7*88 per cent.). 

When the mercaptide nitrite was heated under reHux with ethyl 
iodide for three to four liour.s and the product allowed t<> cooI,*a 
crystalline mass was deposited. This having been collected and 
digested with acetone, needle-shaped, any erv.rials remained, m. p. 
128Mtoiind: Hg- 22*40; I o4*8:>. (C.Hj3S3,HgL,2Etl ro- 
quires Hg:--= 21*14; [ ^ aJ'VO per cent.). The acetone filtrate, 
when mixed with about one-fourth its bulk of methyl alcohol and 
allowed to evaporate s[)ontaneou.sly, yielded leafy, almost white 
crystals, m. p, 8(3'' (Found: 27*28; I .72-42; 8 S-(37. 

((.VH.iloSojHgE.Etl requires Hg 27-40; I --- o2-I0; 8 = 8-77 
per cent.). 

J rieJtylou: Trisiilphide and Mercuric Chloride . — Ln this ca.se 
alcoholic solutions of the com]vinnit- were mixed together (Found : 
-dg -- ,)i,)',S4 : Cl - 21-08. C'yllj,3(.\83Hg3 requii’es Hg~G0’42; 
I'l — 21 -4 j per cent.). 

(i- and h-Trieihjhtie Tclrasiilphidcs and Mercuric Chloride . — 
Alcoholic solutions of tlie components Avere mixed. The 3-modifi- 
catinu gave the compound (C,->tl|}38j.i,tlIgC].> (Found : Hj = 48*45; 
C'l - 16*54 ; 8 -- 20*28 ; 0 - i 1 *28 : H“- 2*16. Caro.. Hg = 
4S-54; Cl — 17*23: 8 2(>-71 ; 11*65; H ^ 1*04 per cent.), 

and the ^-modiiication gave the conijround (('..tlj'ijSj.IlgCC (Found : 

44-58; Cl^i(i-74; 8 - 22*09. ( Hg -- 44*84 ; Cl - 
h>-74; 8 — 21 ■.'9 per cent.). 

YY* 
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p-, and h-Tridthjhne Tefrasulphides aiul Ethyl iodide, 
fi-modification, Avlicii heated under reflux with ethyl iodide for 
about, three hours, was converted into a viscous liquid which, 
cooling, gave an impure solid mass ; recrystallised from hot ben/.cji;, 
this yielded white er 3 ^stals, m. p. (Found : I = O-OO; 8 5 ^ 7 ^ 

[(C 2 H 4 ) 3 S^] 5 ,C 2 H 5 T requires I — 104“); 8 — o2‘r)4 per cent.). 

The y- modification, similarly treated, yielded a product wluot 
when rccr 3 'stal]ised from hot benzene, gave a crop of wdiite erwtat. 
m. p. 9(F (Found: 1 = 1244; 8 - oO-oG. [(CbHjXjj.Etl 
requires I = 1 2 -Go; 8 — bO-00 per cent.), 

T1ie mother-liquor of the above, on slow and s]>ontaneous eva}).ii'. 
ation, gave a second croj) of material, m. p. 70' (Found : I 2il-:]:j; 
8 = 4342 ; C = 2<)'50 : H = d-5G. [((',H^)3SJ,,F1I requires 

I -= 214)0 1 8 = 4444 : C = 28-07 ; T1 = b-00 ])er cent,). 

The product of the interaction of the e-modification and ethd 
iodide wa.s tlie eo)n})ouiid .,( hH;^f (Found : 1 14-77. 

8 = b2-4n; C = 284)1. Calc., 1- 144)3;" 8 = 53-02 ; C -- 2'!4i 
per cent,). 

Triclkylvne Di^iilphidc hf 'iUd'cap'fd.i and Mcrc/irir XilriU - -4|j,. 
metlqvl-aleoliolie solution of the dimereaptan, when treated widi 
mcreiirie nitrite, vi(‘lde(l the- eorre'^ponding nieivurv nhiite nifr. 
eaptide [Found : llg — 53-l(.i : X = 2-73. (( bH^)38j,([igX(C).,, 241.4 
requires -Hg = 53-41 ; X - 3-73 per cent.]. 

The above nitrite, when treated with ethyl iodide as in llii- 
])revious eases, yielded a semi-solid mass. After tliis had l.ieeii 
treated with methyl aleohol to remove tarry matter, the rc-'^idiir 
w'as shaken with warm aecdone, when a portion of it dis.solved and 
the rest was obtained in while crystals with a faint nvHow tial, 

m. p. 107 — 108“ (Found: C--= 11-43; H -3-5S; 1 - 5l-7ii; 
Hg = 20-88 per cent.). The filtrate was aliowi-d to evapcraii' 
spontaneously after addition of a feu' drops of nidhyl alculiDl. 
when successive crops were deposited haviiig tlu' m. p. ilS . TIk 
latter were muduous to the toiic-h and resembled boric acid (Immid: 
1 = 52^23; Hg = 2t)-S() per ccjit,). lh)lh eom[)ounds had tii'' 
formula ((.Vl-^jS^, HgC,2Kl 1 (Cale., C -^14-78; II - 2'(i(i; I - 
52-lG; Hg -- 20-54 per cent.). 

Ethylene Mercaptan and Mernr/ic Xilrilr. — 'I'bi' diiiitiite cm)- 
forjued to tlu' formula ((fiH jS^.HgXvto)^ (Found: Jig -- 
X 3-()4. * Calc., Hg — 5t)-17 ; X -- 444*" per cent.). 

Ethylene Mercapffdc yUrite and Ethyl Iodide. -V.hv produrl <'f 
inttTacti(jn was a .semi-solid mass. It was treated with a small 
quantit3^ of warm methyl alc'olio!, which dissoha-d Die eolnsii'i.r:. 
and tarry matters, leaving a crystalline n-sidiie. 'The latter '.vii- 
■Jieatcd under reflux with acetone for a few niinute.s. 'Hr' 
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soluble portion vonsisto! of bcauliful ydlow c.,;v.tab, „ ,-,,0 
(Found: 1^0046; Hg =. 28*00 per cent ^ Tiw ^ 

„a cooling, gave a first crop consisting of 'a iriixtu“'’ortL 
and Iho next compound (m. p. 12p} ph,. i ^ ^ 

i,ap„n-. The third crop niched sharpU, at' f* f'" 

,d80; Hg = 20.4^ (CA),«„Hgliu r! i..,;:" ' - 43^^ 

1 g ^ 21.0a per cent.] Ihc n,oflier.|i,|u„r, on -fartlicr T. -apol’ 
a„„n gave crystals molting at 107’; lld.s p,,,,),,,, j, J“ 
soluble in acidone, and cnee it is the last to crystallise out (Pou^ 

^*',0 witli m n 

1,4'' and 10/ , respectively, liad identical com po.sit ions 

(^'2H;i)dS,,2HgI^,2Etl 
(Calc., 1 - r>4‘28 ; Hg tt:= 2S-40 p/T ('('nt ) 

Tri.,<lphule a,.d Vhlinic componeni.s 

iron, mixed in alcohol.,, .solution, vhon a |,al.. i..,.||,o,,, ervstalline 
pivc.pitalc «.a.s „l,tam,..d; it was waslicd as ■„s,c,p 
ireato. inlh caroon di.snlpliid,. to fr,.,. i, f,-,,,,, anv traic of .snipliur 
uliwh ,mgh he p,ys,.nt. Tlw cwstallin.. prod, a t had formula 
l.jH,),S,,lt(,l 3 (found: Cl --24., si), y (.(.go , 

;'f-’ '-'I 1M7; [•t’.43.G3 

licr ccd,). the alcoholic .nothc,.-li,p,or. on slow evaporation .mvo 
.saccess, ye crops, the lirst and ,s,.co,k 1 of which wci.e rejccled as 
IriMg shglulj. contannnatod with the above salt. The third and 
louitii erojis wre pure [l.'ound : Cl ^ 2(i.53 il-hi- 8 PMl 

,0 f ^'^^yA.l’lrtli itiiuircs’ Cl ^ 27 . 30 : 

o — 18'tL-J; Pi |)(U’ cent.J. 


CiiMMc'VL J,«.\ Kdi; vrti): 


1 .’.M\ei;.^itv III- C.\u 


, Hi ,S(, J KNf.j;, 


'(•rival, iMvvuiJar SlIi, Klitl.J 


v Li. JJcnr<(l fnihi (’fuiiiflioric A/ih/jdridc. 

Lv .ANi'Ki L PiiAMiiiA Snu Ai: and iSiKiiiBiirsAx Dl'tt. 

(] ,, lS!i:p 63, (Hil) coinlcii.M'd eaiupiinric anhydride with 
(‘i^oreiiid, but the pi'oduct was ncitlKU' crystalline nor very pure. 
^ h i tlli^ exee[)tLoii, no worU liad lieen done on the condensation 
' cumphovic anliydride witli hydro.Av- or aiiiiiio-conipo^mds, and 
^u.'ieff)re tlie present investigation wa.s niKlertakcn in the hope 
>i'i Mich cond/Misation jirodiiets would jios.sess interesting tiiic- 
and (hioreseejit proj;erties similar to tliose of tlie iluoresceins, 

_ and rhodujnines obuiiiied frojii plitlialic anhydride, naph- 
anhydri.!- (Terriss/A ISSm 227. Plh), and quinolinic 

Mil (tmosli, T.. 10 ) 0 ^ 115 , 110 ;^). 
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Methods suitable to the purpose have been worked out and 
CHiuphorie auh 3 'drido has been condensed with resorcinol, /jcflj. 
methylaminojdicnol, phlorogiuciuol, ?/i-aminophenol, Jtt-phenylt*^!^.. 
diamine, and aniline. The product of condensation with resoronid 
has been broRiinatcd and the corresponding eosin obtained. 

Two products arc formed by the condensation of phloroglucii)(,[ 
with camphoric mihydridc, one of ^^■hich is red and the other x’ollow 
Tlic former is the true phlorogluciiiolcamphoreim 1'lie con.^ti- 
tution of the ycllo\\’ compound, wliich docs not display lluorcscoiKc 
in solution, ha.s not been ascertained. 

The conversion to tarry by-products of a considcrahle proportion 
of tlie materials used in the condensation renders the isolation and 
purification of the product extremely tedious and difficult. Special 
procedure had therefore to l)e devised in every case. 

Ordinary commercial (stick) zinc chloride is not the most suitable 
for effecting condensat i on . The best form of this reagent is obtained 
l)y dissolving pure zinc oxide or carbonate in concentrated hydro, 
chloric acid, evaporating the solution to diA'iicss, and heating tlo^ 
residue at 200" in a current of dry hydrogen chloride for al)oiit hall 
an liour. Tlio zinc chloride is thus obtained as an anhydroQ? 
powder containing occluded h^drogt'ii chloride, ^\hich jirobabh 
augments the activity of the substance as a condensing agent. 

The depth of colour and intensity of lliioresccnce of the dy« 
derived from camphoric anhydride arc ipiitc similar to, if not mudi 
more marked tlian, those of the corresponding compounds obtained 
from })lithalic anhydride. Evidently, therefore, the liydrugeiiiscd 
nucleus has no (lelcterioiis cfTcet on liic tinctorial ami liiiou's^ccn; 
properties of these com 2 )ounds. 






f^rsorr i iiol cc •(,' iJioyn. a 
auhvdride (ITf) gram-) iiud n'.-orcinol (4-r) grams) were heated mui 
zinc cliloride (0 granis) at 1S(T for three hours, the mass was coolu; 
and repeatedly exlract(‘d with dilute sodium hydroxide, and lb? 
filtered solutions were treated with In^drochloric acid. Jhe biOi'T 
precipitate was boiled in akadiol with animal charcoal, the soluik 
filtered, ».id the cainjiliorein, precipitated with light ])elroleim 
was converted into the sodium salt and treated with basic lead 
acetate. The alcoholic solution of the precipitate was decom- 
posed with hydrogen sulphide, and from the liltrate the caiupboioi- 
was obtained a.s a reddish-brown, crystalline jiowdcr which did not 
melt at 290 '. 

Resoi’cinolcamphoivin dissolvo.s in sodium hydroxide 
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v.ilh a red colour and the wolution on dilution Hnnv. an inten--e 
areen fluorescence. It is very soluble in alcoliol. acetone or acetic 
moderately soluble in chloroform or benzene, and almost in 
,, .iul.lc in ether, light petroleum, or water. The sodiinn salt dves wool 
ill hrick-red shades (Found: 72-04: H 

C:-. 72-13; H = C-Ol per cent). ' ‘ ‘ ' 

Tefrah'omoresorciiwkam phoreh ^ . 

obtained, in brown spangles with a golden-green, metallic lustre 
by warming the campliorein in acetic acid v itli exce.^s of bromine’ 
The tetrabromo-derivative, wliieh docs not melt lielow i^- 
slighlly soluble in alcohol, acetic acid, or acetone, and ^alm’ost 
insoluble in ether, chloroform, or benzene. In dilute .sodium 
hydroxide solution it shows a beautiful moss-gTeen Huoivscencc- 
'Hie sodium salt dye.s wool mid tannin-ni(U'dantcd cotton in brilliant 
pink shade, s (Found: requires Br 

4(i-l)2 per ceil 1.). 


m‘Dim(:.fhytam{}iopJif')}oIra)ii phorfin H ijdrochloridr 
CO-O-"' I- 

-Cainpliorio anhydride (1-8 jjrann;) ^nd //i-dimethylamiimplienol 
(2-8 grams) were heated with zinc chloride (3 grams) at l.SU' for 
fifteen minutes, the mass was cooled, jinwdcj'ed. 'waslieu witli water, 
and iioiled in pyridine witii animal eiiaieoal. Tlie ni m phoff i /i[ 
])recij)itated from tlie filtered solution vitli hot water, was obtained 
in bright violeFred flocks, which did not melt at 2S.V. It js faivK- 
soluble in alcohol, etlu'r, or acetone, and very readily .<o in pyruliiic 
and in acids, forming a ])ink soiulioii sliowing orange fluorescence. 

On (lis.solving the eainjilmixin in tii(‘ smallc>f (juantity of hot 
hydrochloric acid and allowing to eiml. tin- hpdrocjdortdi of the liase 
o-parated in glistening, grcmi prisms, m. ]). 12.7-d2('lk It j.s spar- 
ingly solublein chloroform, bcnz.etu-. or light petrnhmm. moderatelv 
soluiile in alcohol, acetone, or acetic aeid. and very >olublc in water. 
Tlic solutions exhibit a magnificfmt orange tluorescenee. whieli is 
.<trong(«st in alcohol, It dyes lirilliaiit pink .shades mi wool and 
reddish- violet shades on tannin-mordanted cotton (Found : X 5-5 ; 
(1 /•(. fboll33();{Xd'l reiiulres X - (IT : Cl = 7-8 per cent.}. 


^'MoroglurinokwnphorciN. 

pliuric anhydride (1-8 grams) and phloroglucinol (2-5 grams) were 
heated with 3-5 graims ctf zinc tdiloride at 2(KF for ten minutes. 
After cooling, tlie powdered mass was boiled for half an hour with 
200 c.c. of water containing lij-droelilorie acid, filtered, and, on 
cooling, the camphorpi'u obtained as orange -red, microscopic needles, 
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wliicli did not melt at 290°. It is only sparingly soluble 
organic solvents, but is fairly soluble in hot water coritainiivf 
mineral acid. It dissolves in sodium liydroxide solution with a 
blood-red colour, exhibiting faintly green fluorescence. The soflinnj 
salt dyes wool in orange shades (Found: C -- CCd ; H -r: ,j.y> 
C 22 H 22 O- requires C ()6-33; H — o'52 per cent.). 

The residue left after eNtraetion of the above compound vrifli 
boiling water was dissoive-d- in sodium ])y(lro.\ide solution, pj-r- 
cipitated with liydroehlorie acid, and finally obtained in jo^ir 
yellow needles (from aleohol), m. ]). 190° (decomp).). 1| Is verv 
soluble in all organic solvents, but is insoluble in water, and 
its alkaline solid i<m is wLllioiit (liioreseetiee. The eonstiintidu 
is unknown (Found: G — G3’0S: H ~ b-9S jier cent.). 

m-Amino phenoJeam pliOTPi n , ' m'^OM 

])Iiorie anhydride (1-S grams) and n/-nminop]ienol ( 2-2 grams) won* 
healed with y.iiie eiiloi'ide (3 giums) at iSt)" for ba'i an hoiu'. After 
cooling, the mass was iMuled in aleoliol with animal charcoal, fiiti-reii. 
and preeipitat(‘d with water. This opeivdion was repeaii'd sevcu-l 
times. Idle lirown iinadpilale was dissolvml in .a(|m‘ous ainmt'iiia 
and the eamphorein ]m'cipitated with hydroehlmie acid as a dark 
brown powder, m. p, 219 ' ((l(‘Coni]).). Ft is readily soluble hi 
alcohol, acetone, acidic acid, or alkalis, I'xlii biting a dark green 
fluoreseenee (bound: (’ - : 72-99; H :: 9-49. (kAloAljX rcijuirc; 
C —72-32; I F ^ ( > - 39 ] )e r e (' 11 1 . ) . 

1 k>). 

m-Php>if/JrHrAiaif}i i)fr(nii phin-f ! :> , 'h' 

Camphoric anliydriile (1 -S gi-ams) and aophiaiylenediamine (4 grains) 
were heated together with zinc chloride at 22d — 239 for altout half 
an hour. The mass was cooled, extracted with boiling aleoliil 
(with animal charcoal), filti'red, and the eami>horein olitained as 
browms]i- 3 Tl]ow pi-isnis with a line, silky lusturc, bv the cautioi:' 
addilion of hot wati-r. The cdn] phoni a itiidts and deeiaujnw •' at 
231° and is fairk solubli' in alcoliid, aci-tie acid, ai'ctonix or i-liluro- 
form, showing a fine gi'i'im fluori'seimee (I'oiind : X’ -ihhd. 
CXibF.j^O.iXs rL'quires X - 11-37 ])er cent.}. 

CHtoiK.'Ar, LABoroA’roHV, 

I'xrWvRSITV 0|- J)A(’( 

F).V'CA, m,, ].\;iia. 


73 vt 3 ', 4 , rho(n\hrr ^Xh, 
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a:\\.~TheHy(hvfermajankles(^^^^^^^ 

of the Organic Bases. ]’art I, 

By WnjJAM ^fCKDOCJi 

JjrE literature on the iiydrof(‘iToeyaniacs v( ry .scanty, ami no 
examinatiou of these' rompounds lias l)een ’made Kiel 
ij'ieycr {Dingl Pohji. J., 1874, 214, 424) immtiqns Hu* u’.e of ^ 
solution of aniline hydmh'rrocyanide', [ireparcd hv tivatijor the 
base with a solution of liydroferrocyanic acid. Imt no .saU was 
Isolated. By a similar method, Barth i/jo\. IsT.y 8. 1484) pre- 
pared tetraim4hylanmi(;olum ferroeyanifle, (\.Me,).FefB\),,.rI[,0 
Other substituted atr.inonium compouml.s \w‘r{‘ iiive.sf iyati'd "hv 
E, Fischer (AnBakn. ]S7S, 190, ISI), vim prepared Tluin hy 
treating a strongly acid s(»lulion of tlu' haloid .salt nr .snljiliate 
with ])otassiuin feiToeyanid(‘. The same investiiratoi' 
pared I he hydrofeuroeyanide of anilim'. moiio-^ and di-alkylanilities 
hut assigned a detlnile formula only to the dimethylaniline .salt! 
From a consideration of th(‘ .soluhilities of these salts, he was able 
to separate tlie firimaiy, .sra-omlary, and teidiary bases, tho salt of 
the primary luise being least soliihle; in lh(> ^alipliatie series fie 
found the orih'r of soluhiiity lawei’sed. and i-olati’d the hydroferrn- 
cyanide (4 tiT'thyJaniine. Moiilcr {Her., is.ss. 21. l(ll.'>) separated 
pyi'idiiH' from mixtures eonlaining its hoinologiies in a .dmiiar 
wi7y. Wmvter and Bo,-er {litr., jS7!), 12, ts22) prepared hydro- 
ferrocyan (les of p-iiitrosn- ami p-hroiiio-dimidh vl-aniiine and -in- 
io!ui<l:m', a.s well as tlu* salts ot the diniet hyltoliiidines. from a 
strongly aeid solution of tinur sulpliale'-. 

All the liydroferrocyanidi s inmdioiied above ha^■e the man'rai 
forn 1 1 1 la ( Base ) ^ i A' ( (. A\ ) ,. . .ef] . 

burster ami Bo.^ir also Bolated .salt.s of telraim’t/iyl-w- and 
•//-ji!u'Qyh‘i\e(l!a!t!im s. ha'.'mg tlie gem re.I .hn'inuhi 
Ikse.H J<V(( 'K IBO. 

Fisenherg {Autialio. iSSU, 205, 2()d); as wi'il as; describing the 
preparation and propri'tics of the acid hydi’oferruevanidcs of 
aniline and diniethylaniiiiie, found that a neutmi salt of the general 
formula (Base) 4 .B.jFe(('\),, is f tirnu‘([ when the base is treated 
v.’itli aleoliolic Jiydroft'n'oeyanie aeid. The correspionding salts of 
aietliyhumne and ])i))eridine were examim'd erystallograpliically 
by Hiortdaht [Johridur. (lum.. 1, dl2), but no indication is 
given of the method of pri'paration. A salt of similar constitution 
was isolated in two nuKlilications from /mu'nthylamine by Briggs 
i'l’-, IhU, 99, ]02!)). 

It was in si'ohing a niclhod for the separation of o-to]uidii:e 
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from a mixture containing the ju- compound, that the present author 
was led to study the action of a solution of sodium ferrocyanidf- 
on the hydrochlorides of these bases. The separation was cffoctcd 
and the reaction was extended, and seemed to be of such value 
in the separation and identification of aromatic bases that a 
systematic examination of their hydroferrocyanides was undertaken. 

' Oenerd Properties. —The hydroferro cyanides are usually eoioured 
and of definite crystalline form, usually rhombohedral; they arp 
infusible, and are insoluble or slightly soluble in eohl water, tho 
solution, whicli is neutral, being decomposed near the boiling point 
with the precipitation of Prussian blue and the evolution of hydro- 
cvanic acid. In some cases, boiling has to he continued for some 
time before this decomposition will take place, whilst in others 
heating at SO"" is sufficient. At the ordinary temperature, tlie 
solution in U'ater is remarkably stable; air passed tlirough neutral 
and acid solutions of o- and p-toluidine liydroferrocyanides Idj- 
twenty hours at 20^ produced no apparent oxidation, dhey art 
insoluble or slightly soluble in cold or liot alcohol, the soluUun not 
as a rule being decomposed on boiling, and also insoluble in ether 
or benidcne. 

Sodium hydroxide solution liberates the base from llie .^;a)f>. 
Thev are decomposed by hydrochloric, sulplmric, and arctic ;ici(h 
with the formation of the corresponding salt of the })ase. Dilute 
nitric acid on heating, and strong nitric in the cold or on slightly 
heating, decompose tlie salts, giving a <lark reddislvbrowit solniicni 
which develops an orange-red coloralioti when diluted and ircand 
withsodinm livdroxide sohitio]), with the fnrmatioii ol nitroj-riisd'lc. 

The salts of the primary and .^(H'ondai'y l)as('s an- drrmi)]K>:-id 
bv boiling acetic aiihydridc, a dark coloured nr Idack roidiie 
remaining. In few cases arc tlicy dc'cmiipi'seul }>\ boiling iKi'tyl 
chloride. The salts of the ttadiary bases an‘ not decomjHiM'fi 1-y 
boiling methyl iodidco 

The salts of the tertiary liases are tln^ most liiglily colmnvd uid 
most stable, no change in colour licing noticed aftm- scum* months 

Effect of Heat . — The liydrofermeyanides. when gmitly heated, 
invariably change colour, ultitnately jiassing tlirougli greiui and 
blue to black. If the heating i.s carefully carried out, the com- 
pounds retain their crystalline structure wlieii black, especially 
in ca.ses where the crystals are comparatively large. In all ca>cs 
hydrocyanic acid, water of crystallisation, if any, and tlie !)asc are 
liberated when heat is applied. 

When the salts are heated rajiidly and heating is di.seontimH'd, 
the substance begins to glow spontaneously, givin.v oil lieavy. 
combustible vapours wffiich sometimes eateli br- , ored the whole 
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mass has been decomposed, leaving, usually, red ferric oxide. In 
only one c<ase, the [3-naphthyiarnme salt, :vas a sublimate formed 
at a high temperature. 

The Eff(:ci of Acidic Oroups.—Tha only cases mentioned in the 
lilcrature where a hydroferrocyanido containing an acidic group 
in the organic radicle was prepared arc the p-inlroso- and p-bromo- 
(lf?rivatjve.s of dimethylaniline mentioned by Wurstcr and Koser 
{loc.cii.]- 

Kisenberg {loc. ciL) mentions unsuccessful attcjnpts to prepare 
those salts from mono- and di-bromoaniline. In the case of acet- 
amide, he found that hydrolysis took place with tlie formation of 
ammonium ferrocyanide and acetic acid. This was confirmed by 
the present author. 

The influence of the nitre-, sulphonie, Imlroxyl, carhoxyl. and 
phenyl groups was studied, and it was f(}iind that whenever a 
strongly acidic group was ])rcscnt in tlu^ molecule no hydroferro- 
cyanide was formed by the method of preparation u.^ed in this work. 
The compounds examined were 2 : 4 : 0-triehloroaniline, 2:4:6- 
tribroiiioaniline, o-, //?-, and p-nitroanilines, ni1ro-n<- and -p-tolu- 
idines, m- and p-amino]))ienols, .sulphanilie acid, naphtliylamine- 
and aminonaphthol-sul})home acids, ])IcTamie acid, anthranilie 
acid, hvdro.vylaminc, Inilrazine, plieiiylhydf’azim', plienvlhvdrazine- 
suljdionie acid. amiiioazoheii/erM’, carbamide, uric acid, semi- 
oarhazidc' hydrochlmifh', thioseniicarhazide. e-benzylsemiearbazide, 
bcnzyinniline. diplieiiylaminte atid some dyestuifs containing l)asie 
and a(4<di(' groups. Xo a])jian'nt change took ]>]ace -when the 
saturated fcrroeyaiiidc' .solution vas added to acid solutions of 
die aliove compounds in tin' cold, c-ven after standing for ilays, 
although the solution formed was olway.s decomposed on boiling, 
giving the f)hie jnx'oijiitate. 

A f(nv interesting eoloi'ni!on> witc olite.ined : 

Sulpit-uiiilic Cf'fcn C'cili ir;it ion, liluo uilii «imnoiiio. 

Xitro-/- tol'ii-liin' Croon coloiatinii. 

AiniuoazulH'iiZf-iio Croon ouloralion in noinral solution, orange 

v. iili jiydrooliloi io aoid. 

?a-.\]ninophonnl cokji'aiion in nlkaliiio solution. 

Seiiiioarbazuio hydrorhloi'iilo Omngi’-junk coloration when a few drops of 
antinoiiia or borax solntion are added to 
tlio hot acid solution at the point when 
dcooin])Osition just begins. 

Xliiosemicarbazido Vioiot coloiation in neutral solution, dis- 

(iiaigod by boiling, ohanged pink with 
acids or alkalis. 

S-Benzylsemicarbazido Pink coloration in neutral solution, di.solmrged 

]>y excess of acid or alkali. 

In the two cases mentioned by Wurster and Roser cited above, 
it would appear that the basicity of the dimefhylaniline was not 
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materially affoetod by the introduction of the iiitroso- or 
group in the para-position. 

It seems that wlien the basicity of a compound is mat(i.]«|]., 
altered by the introduction of an acidic group no acid iiydroft-yy^' 
cyanide i.s formed. 

The Effect of Ba,sic (Iron ps —Alkyl groups have a marked infliunf.^. 
on the pliysical prop{'rtics of tlie iiydrof(“TTonyanidos. It 
already been mentioned tluit Pischcr shov/ed that the 
solubility was reversed in the .alipliatie and aromatic seiies, pj,,, 
aliphatic amine salts dilhu' from those of th(‘ aromnlit- aiuiniN 
in their ?uuel) greater solubility. The only !di})ha(io auiine s;:ii| 
whicli was isolated hy the. present author was that of 1iinici)iv|. 
amine, no trace of a salt being (ihtaiued with methyiamiiii', [j-j 
the aliphatic scuh's, tlie iiitroduction of au alkyl gj-.iu]j dfo’enso.. 
tlie solubility in water. The reverse rule appht's in tla* rasi- (.f 
the aromatic series, wlietlier tlie alkyl group is siib?-titu(ed it] ij.,. 
nucleus or in the side chain. Tl is interi-sting to noli' tliat, aiilioii^li 
plienvllivdrazine even in concentrate il acid solution fui'ins iin 
hydroferrocyanide, yet Ti.selier ]wepared the salts of its alkyl 
derivative.s, its ba.'^icity having been tiius incia'ased. 

The effect of alkyl groups has also nu important bi'antig on iho 
stability of the hyalroferrocyanides. Tla- introduction of an alkvl 
group into th(‘ nucleus or side chain nalucos tiu' stability, hut tli-- 
introduction of the second alkyl group into tlu^ side' e-hain incruK'. 
the stability: the salts of the se'eondary amines are the k;;-; 
stable. 

The iiilrodiietion of a secemd amino-grou]) in th(‘ nuflens inerca:-;''. 
the .solubility, but decrease's tlu' stability. Tin' salts of llw (!)iaiii]:ii. 
diphenyl ceunjiouiids are usually very insoluble' in water iUiel sliyliiyv 
unstable. 

T X r [• i; I M !■: .s r .v 
Ci .if rol Mr(hu(^ of I'n paroTac . 

Tn oreler to arrive* at seum* idea of the eedour of these .'^aits. :t 
was fouiul advisable to [lurify th.e ba.-e in the* tir'st in;daiie-e ;Ui(! 
then to fe>rm the hydroe hioride', although in some e'u.ses it 
impossible to gel rid of slight eoI{;ui'ing matter: the base \v:s 
redi.stilled nr reery.-talli.-'cd if necc>sary and then tr'eated v.itli 
iron-free hyslroehlorii* acul until slightly acid, dlie hy'droi'ldofiar 
thus: fonmd was cook’d and watd’ adde<i tmlil all the liydrochii'iklc 
went into .solution. The tjnal solution was always iinOcr tlie 
saturation laant at the ordinary 1eni|K'ra{m'e, and was shgbdy 
acid to Congo-O'fl. The slighte.d (race of iron pre-senl gi’ c.s l!ir 
salts a .somewhat blue colour. 

A cold saturated .solution of reery'stalli.scd sodium fen’oeyanidr 
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gradually to the acid i^r)]utioji of the hvdrocliloi’ide of 
the base with constant shaking, fn some eases', a pi'ecipitatc 
appeared at once, Avhilst in others crystals appeared after a time. 
In the former ease, the salt was again prepared, using more dilute 
solutions of ferroeyanid(^ and so on until its erystalline form was 
definite when examined under the microscope. Tlie addition of 
the fc'iToeyanide soiiition was st()p])e(l wIkui iweeipitation was 
judged to be complete, but after this point ^^•as reached the solution 
must still be slightly acid to Congo-red. ^Vater was tlum added 
to remove any free bydrn{or]'f)ey:u)ie acid which might have i>een 
precipitated, and the salt \\as filtcTcd, waslu'd 'Aith w;it('r and with 
alcohol, and dried by siiction. 

Xo attempt was made to reerystallise tlu' salts owing to their 
low soluln’lity and to the fact that their solution in water decom- 
poses when heated. Although Cisclier reeiystallised liis dimethyl- 
iiitiline salt- from vatei, and it so liaj>pens tiiat tins is om^ of the 
most soluble salts, he notiai tlnit its e<j]oiir was changed to blue 
owing to decomposition tm heatiiig the solution. Moreover, tlie 
.salt he tlien obtained was anhydrous, wlieriaas the .salt he ])repared 
(if'iginally must have eonlaiiU'd litCO, as proved hy Kisenberg and 
hy the present autlior. {Suitable concentrations of iivdrochloridc 
and ferrocyanidc solutions vere therefore' elioseii .sueli that the 
salts came down in deliniti^ eiystallim^ form, 
llie (|uestion of di'ving these salts is one of impurtanco. Barth 
(hr. ci/.], for example, found tliat tlii' letranudhylammonium salt 
changed fiom one containing IIIHA) to ono containing oH.-,!) when 
dried in air and over caleiiiin (diioride, r(>speetivehu Fisclier, who 
dried all liis salts in a \ acini ni over concentrated sulphuric, acid, 
found that his acid hydrofermeyanides were anhydrous; tin's may 
acemmt for the loss of numtioned above, 
in tlies(‘ experinumts the salts were dried Ire suction after cashing 
with aleolnd and then in some ea^vs liy aihnving tliem to stand 
over ealc-ium eliloride b/r a sliori lime. 

Tlu X/m/yo.v'. 

Wurster and liosi'r [lor. ri{ ) eoiifirmed their j-esult for iron hy 
estimating tlie water of erv.staliisation in some instances, although 
they gave tlicse figures with caution, since the salts decomposed 
at 100'^ On the other hand. Bart Ids neutral salt contained 2H.X) 
at m\ 

In these cx])eriments, the salts were ignited in an open porcelain 
or quartz crucible, when r<Hl ferric oxide remained. This result 
was confirmed })y igniting in presence of concentrated siiljilmric 
and nitric acids. It. ^\’iis also confirmed by using a new' type of 
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combustion boat designed for this purpose. The boat, as illy,, 
trated below, was 'made of transparent quartz tubing drawn out 
at both ends and upturned, these ends acting as baffles for the 
current of oxygen as ^vell as hooks for withdrawing the boat froiu 
the combustion tube. In tliis wav, none of the ferric oxide was 
carried over. The ignition was then effected in an atmosphere of 
oxygen, and tlie eoinbustioa and the ignition were carried out in 
the one operation. This boat should be useful in the analysing 
of salts of organic compounds which are difficult to ignite in the 
ordinary way. 

Sidi' (devatioti, 



CuIL,__Z 

L’l an. 

The estimation of water of eiystallisatiou cannot ])e effected 
directlv owing to the case with wliicli the .salts give off hydrocyanic 
acid \viieii heated, some (‘veii at tlu^ ordinary temperuliire, as well 
as water The waten* sec-nis to l>e tirml}^ Jix(“d to the molecule a- 
such* Lmsiiecessfii! attempts were made to extract the water will) 
various organic solvent.-^, such as absohUa* alcohol, pyridine, clc., 
but no trace was removed. When heated, luovever, in a tc.st- 
tul)e. water as well as the bas(' eoulfl be iflentitied, in some ca.'^cs, 
on the colder pai’ts <i! the tulau 

The aniline salt, on heating for lialf an hour on the water-bath 
(until it ju-st turned black), lo,4 S-9 per cent, {(calculated los.s for 
2H.,0 S’-2'2) and eontiniicd to iost> wiaghl thereafter. An aUempt 

was made to estimate tlu‘ total water and hydroeyunie acid by 
heating under reducasl luessunn On heating for seveutyffivc 
minutes at Ob ;.;0U min., it lost 0-7 jKT cent,, whilst on heating 
for eight hours uiuUr tlicsc conditions it lost 27T jaa* cent, 
(calculated loss for 2H A) plus d-IKJX -- 3’2‘S1). 

The salts of the primary^ amines could not be estimated with 
nitrite, as t*ac solution of tlie salt in hydrochloric acid turned blue 
immccliately on exposure to air. Starch-iodide could therefore not 
be used as an indicator, 

Williams's method for estimating inorganic ferrocyanides [J. *^oc, 
Chem, Ind,, 1912, 31, 468) did not give concordant results. 
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yter the const iliit ion of the aniline salt had been definitely 
fixed it o\'i(;](‘nt tliat the analyses of the otlicr hydro- 

^^rfocyanidcs fo]loA\e(l more or less a general rule, in -A-hich the 
constitution was (Basc) 2 ,H 4 Fe(C 2 s)e, 2 H, 0 , as shown by the iron 
4 iiiiation. As long as the iron result confirmed this general 
constitution, no further check seemed necessary. As soon as it 
departed from it, a confirmatory chock was applied in tlie form of 
a carbon, hydrogen, or nitrogen estimation. 

The analyses were carried oid on fresldy jn'cparcd specimens, 
and these were again examined for change' of colour after three 

' jjydroferroajanidti of drrjrniic Bases. 

Unless stated otherwise, tlie for^nulu' of the following salts are 
of the {Base) 2 ,H 4 Fe(CN)f,, 2 lUO. 

Aniline Hy droferrocy an ide.— White, rhomholicdral crystals with 
slight green tinge, almost insoluble in cold water, insoluble in alcohol, 
ether or benzene. The salt is sta l)le on .standing (Found ; C -- 49-30 ; 
=..5-08; Fe ^ 12-74. Calc., C — 49-31 : H = .">-02 ; Fe 12-78 

per cent.). 

Ill i'. jirc jjaration mad(' from sonic [jure aniline hydrochloride 
which was slightly pink, the hydroferroeyanidc had a slightly pink 
colour, but Ibe crystalline structure wa.s unaltered (Found: 
Fo -T. 12-7.7 iwr ernt.). 

o-Tolnidinr llydroferrocyatiidf. Light green ma'dlcs gradually 
appcarefl and a fe\v lieautifully formed, dark green, rhombic crystals. 
These were separated mechaninall>', The dark green, rhombic 
crystals (Found; Fe - 1L9-L Calc., Fe - 12-01 ])er eentd are 
slightly soluble in water and aix' decomposed by acetyl chloride at 
the ordinary temperature. 1 he salt is si able on keeping. 

Thclidit' .reen needles, (C,H4Me-XH.,),.-H,Fe((‘X),:H20 (Found : 
C = n3-45; Fe -- 12-40. Cale.. C' 53-57; Fc 12-50 per cent.) 
are slightly soluble in uatei’. Tlu'v are more soliilile and slightly 
less stable than the aniline salt. _ 

The salt prcj.rii'cd frc.in a sliglilly i)ink hyrtrodilonde was pnili 

(Found; Fe — I'F.l- pci' ('ciit,), 

m-Tolmdim Hydrofcnocildnidr. (('Sripic-.\'H;);.rijl'e(tA)c.n.>(.. 
-Dark olive.gi-een needles slightly solulde in water. Flic sal. c. 
stable on standing (Found : hr ^ 12-4o. tab ‘ 

cent.). . . 

p.Tnluidine does not form a l,yd.'ofen'....-y:unde in acid solution 

under the conditions spec] lied e.bo VI'. _ 

Separalion of r„rc o.Tol,,dio< f,v,„ <' .'/nt'OT y 

|i.('om.poaiirf. — The method of sepaiatiiiii of g'*? , 

iuli'oduccd h. !-ris«dl (J. ^oc. Chm. Ind.. IhOS, 27. 2oS). m which 
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the /y-oompoinKl is'ycparatod by freezing, is cuDiparatively siiDji];, 
when fairly large proportions of tlic p-coni pound aro present and 
where an o*coni pound of high purity is not required. 

'I'ho following method, based on the foregoing work, is easily 
carried out, and may bc' employed for separating pure o-toluidin^ 
from the coninicrcial product. 

The mixture v/as dissoh'cd in hydrochloric acid until sli^ditly 
acid to Congo-rcfl aiul wat(n- added until the solution was saturated 
at the ordinary temperature. A saturated solution of sodinif, 
feiTocvaiiide was then added gradually uith shaking, anti uliiteyj> 
sli^^htiv green needle.s of the hydrofeuTocyanide of the ortliu-roni. 
poundV.ame doum. Tlie solutioji after precipitation was compltTc 1 
was still acid; the salt of tlie ortho-compound was then filtered 
off and washed with water and with a \cry little dilute liydi'o- 
chloric acid, in wliich it is lairly solubh\ It ^\as thc'n diied aDtlilie 
base obtained from it b\' tlistillution or by decomposition wiih 
sodium hydroxide and extraction mill etluT. Aftii (bvijig the 
ethereal solution w ith jtotassiuin carbonate and rcmo\ing the ctiitr 
the base distilled o^■er completely at 19S“ and was water-uliitr, 
although it turned reddish-brown on standing, in a scaled 
tube. '^The product, inoi'eover, gave no laal eoluralion with ferric 
chluride. The vicld was aliout oj per eent. t\ lien tiie filtrate was 
concentrated to lialt its hulk, maxifes eanu' doun (m. p. -It ], 
which proved to lie o-toluidine hydroeliloride. 

p - Xylidine Ili/drofcnvniau idc. - L{mK)n-}ell()w, rliombobcdral 
crystals, fairly soluble in hot water, tlu' solution being ([(‘coiuposccl 
on boiling; insoluble in aiisolute alcohol. \hry little change was 
noticed in the colour of the compound after standing (bound: 
Fe H -20 , t^a Ic . , 11-32 pc-r eent . ) . 

A specimen of so-called “])urc" ethylxylidine was ]>votmvd 
which gave a yellowish-green liydroferroeyam'dc. It was found, 
however, that the bas(‘ was so impiirv, as shown by tlic iron estim- 
ation, that no oonstituliiui could lie assigned to the salt, lhi^^act 
was confirmed by a didiliaiirm of the base. It wovihl appear, 
then, that tlic purity of tlie l)as<‘ in some caso.s can he dctcniuuod 
])y an cstinuition of the ifon in the h}'drof(‘rrt)e_\anidc. 

II>/drof< nvryaHidc.-A\hiU\ ihombohcdnil 
crystals, 'insoiiible in water, slightly snlnhle in absolute alcdiol. 
The suit is »*dnhlc on keeping (kound : Fe H-Mb Falc., le- 
11-32 pc" cent,), , , i i 

Bmzylamh^ f(^ldrofarociia>dd < , - Cna-nisli-yidlow, rhonibohe( n>i 
crystals, siigldly soluldc- in hot watei-. insolulde in absolute aleobot 
The salt turned blue on standing, hydroe.yanic acid being evobet 
(Found : Fe - 11-93, Calc., I'e - 12-()i per cent.). 
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^,.A}midine Bcaulilul g^'e^^n, !li()rn])ohedral 

crystals, which came down after throe hours' standing, after tlje 
addition of excess of saturated fcrroeyanido .solution. Slightly 
soiiihic in iiot water, itisolu l)le in hot aljsolutc aleohol. The orystais 
are stable on standing, but turn v/liite un heating (I’ound : Fc — 

1 0- , bo — 1 f --i por cent . ) . 

\]y acidifying the niother-liquo]', another (u-oq of crystals of 
identical constitution and crystalline form canie down, 

V. XaphlhyUuniifc, liydrofarrocijanuJo^ 

{C.oH7’XH,),,H,Fe(CX)„H,(). 

— \Vhit(' plates, more soluble in \vat(T than the [i-nu])htln lami?ie 
salt. Tiie plates turned violet on standing (Found: Fe — (i-95; 
X .. 17-39. Calc., Fc -- Ci tl t : X ^ 17-37 per cent.). 

^^j-Xuphihilaminc Uydrofcrrocyanuh , 

((',oHxXH,)„H;i<e(CX),.H,/). 

- -Ouing to its insolubility in dilute liydrocliloric acid, (he liydro- 
rjiloride of pj-n.a])hlliylaiiiiiie was isolated, dissoha-d in cold water, 
and diluled to four to live tiiiies its bulk ; tlie solution was neutral 
|(t ( 'ofigo-rcd. The liydnjfeia'oeyanide came down at o/iet' wheij a 
verv <lilute solution of ferroevanide was added. Wdiitf^ needles, 
insolu!)]e in water nr aleohol (Ibnind : l-V 0-90, Calc., Fe — IJ-Od 
yvr cent.). T!k; salt luriu'ii pink (ui standing. Ifeavy green 
fumes were evolvcal on igniting the salt, and yellow needle.s 
siiblinied (m. ji. 28 C). T\a[)litliylajnine liydroeyanide melts at 

{A{v.tyJr!;(:diaiiiiue Ilydroffrroryuiiidi s. [( \.H ,(XFl 2 )j 2 -H 4 Fe{('X),j. 
— Tlie p-salt forms wldte platc's, solul)le in hot water witli yellowish- 
ureen coloration, deconipo.sed on boiling: slightly soluble in boiling 
ahsointe aleoliol. Tlu' salt turnefl greyish-white on standing 
(Found : Fe - 12-98 : X - 32-41 , Caie,,\Fc - lil-Ob ; X - 3340 
per (‘eiit.). The w-salt forms yellow, diamond plates, slightly 
soliibh’ in liot water and in hot ahsohite aleohol. Tlie salt turned 
greyish-pink on standing (Found : Fe — 13-03. Calc., Fe - 12*9(3 
j'l'i- emit.). Th(‘ o-salt forms white, prismatic needles, pn-eipitaled 
mily with large excess of saturated ferroeyainde .-solution, soluble 
in hot water and ^lightlv soluble in hot alisolute aleohol. The salt 
turned brown on standing (Found : Fe 12-94. (.'ale., Fe — 12-9() 
per cent.). 

In each ease a secoiul crop of tlie same eoiisihiition and ciwstalline 
form was obtained by adding a little li^'druehloric acid to the 
molher-liquor. 

- : ■^-Tolyiciicdiafni nc Jiydroji rrocyahid . — \ellowi.sli-white, rhoni- 
hie needles, soluble in hot \vat('r. foun wliieh it crystallises in faintly 
ih'cen prisms, the solution hieing dccuJnposcd on boiling; insoluble. 
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in hot absolute aloohol (Found : Fe = 11-32. Calc., Fe n.u 
per cent.). The salt turns grey on standing. 

Di mei hyl-p-phenylen adkmm e Hydrojcrroc yan Ule . — White, 
gonal plates, soluble in hot water, the solution deeonipo.sincr 
boiling. Slightly soluble in hot absolute alcoliol, giving a 
coloration, not decomposed on boiling, and colour discharged tv 
acid (Found : Fe = 10’67. Calc., Fe — 10*68 per cent.). Xhe 
salt turned slightly blue on keeping. 

This salt was not precipitated under the same conditions as 
before, even on standing for two days. A solution of the hvdre. 
chloride in 00 per cent, alcohol was added to an alcoholic solution 
of hydrofcrrocyanic acid,' when the plates came down after a 
while. 

Benzidine Ilydroferrocyanide. White, rhombic crystals, whid] 

owing to their insolubility were not well-dehned ; insoluble in 
absolute alcohol; slightly decomposed by boiling acetyl chloiide 
(Found : Fe = 9-08. Calc., Fe = 9-03 per cent.). The .salt tumed 
slightly darker on standing. 

o-ToUdine H ydroferrocyain'dc rhombic crystals, which 
owing to their insolubility ^verc not well-cletined ; more soluble in 
water than the benzidine com])ound ; insoluble in absolute alcohol; 
decomi^osed by acetyl chloride {Found : Fe — 8-27. Calc., Fc:^ 
8-28 per cent,). The salt turned bluish-grey on standing. 

o-Diau isidi ne Hydroferrocyan ide, J^O^X^,H 4 Fc(CX)g, 2 H„().— 
Faintly blue needles, A\’liich came down after a time ; much mure 
soluble in water than the benzidine or tolidine salt, the solution 
being deeompo.sed on continued boiling ; slightly soluble in absolute 
alcohol; slightly decomposed by accdyl chloride. The- salt dno 
not change colour on standing (Found : Fe — lT2-i: ; X - 22d2 
Calc., TA = 1T29; X — 22-.78 per cent.). 

2Ionometh yJa n ilinc Ilydrofcnocya n ide, 

(XHPhWc)2.HiFc{CX),,,rH,0. 

— The salt of this base .seems to form several hydrat(s. Whcii 
saturated ferroeyanidt' solution is added to a solution of the buw 
in concentrated hydrochloric acid, tin- normal type of salt is pro- 
cipilated. With more dilute ferroeyanide, other liyd rates arc 
formed. Dihydrate (Found : Fe 11-82, Calc., Fe ^ 12-(il per 
cent.). Trihydrate (Found: Fe --- IIT!). Calc., Fe -- 11A7 per 
cent.). Tetrahydrate (Found: Fe— lt'21. Calc., Fi- -■ IMj 
per ccn"^.). All the hydrates form wliitc, rectangular prisms soluble 
in hot water, the solution being deconiiai.si'd oii eoiiliniied boiling; 
almost i'lsoliilile in ab.soluie alcohol, Tlie .sa!i,s turn bjjghl ydio"' 
on heating and are unstable, chuiigiiig to dark green in about a 
week’s time. 



TlYnROFEKRTCYANIDES OP THE OROA?;iO BASES. PART I. 

Dimethylaniline Uydrofmmjanide.-AXUi^. prisms soluble in 
hot water, from which it cry.stanisos in rhomboliedral crystal. 
,nth a blue tinge; almost msoluble in hot absolute alcohol The 
salt is stable on standing (Found : Fe = ] F 37 . Calc., Fe = II .33 
per cent.). 

The salt prepared by Fischer by recrysfallising and drying in 
a vacuum over sulphuric acid was anhydrous. Its' con.siitution 
asrees with that recorded l)y Ei sen berg (?oc, c/7.). 

^ ^.Siimodhiu'lhijJajrilinr. Ifydroff'rToq/ahidi\ 

[C,.Hi(XO)*XMo.;2;H4Fo(C\),,tI,0, 

^Beautiful violet, rhoodioliedral crystals, .soluble in cold water to 
give a, yellow .solution which daiF(uis. on heating and becomes 
1 , 1 -ight green on boiling, th(‘ usual decom|:iosition not taking place 
fven on continued l)oiling; slightly soliilile in hoi absolute alcohol 
M’ilh a yellow' coloration, I he solution not (icing decomposed on 
boiling. k)n lioating, the salt gives oil very lieavy, orange n-ed 
vapours, llie salt is stable on .standing (Found ; Fc -- 10-44 
Ode., Fe ^ 1.0-48 |ier cent.), The eonstitiition agrees with that 
assigned by Wurster and Jloser {(or. cif.). 

l^-IimnodimdhylatnJiiif' I fydrojf r)vc>iaH idf- .--I'he base was pre- 
pared aecoiding to ebei (/jcc., iS^o, 8, /l.o). t^liite, glistening 
plates with sliglii green lustre, fairly ..olulde in hot water, from 
which it crystallises in greenish -blue- plates, the solution being 
decomposed on contijiued boiling: insoluble in absolute aleohof. 
The salt is stable on standing (Found : Fe -- S-d5, (’ale., Fe — 8-58 
percent,). The constitiitioii agrees w'ith that assigned by Wurster 
and FiOscr {loc. rll.). 

Tnuidhifiaui'nu' II ydrop yroniauid^ A JO per cent, solution of 
the ba..c was tia-att'd with concentrated hydroelilorie acid until 
acid and, alu-r cooling, ^vith s.-iturated teiToeyanide solution. Xo 
precipitate appeared. Init afo r standing for several days in a 
vaenuin desjeeator ovei' eoneorit rali-d sulphuric acid, crystals 
separated. Beautifn! ligdil given, cubic oetohedra. slightly soluble 
in hot water, tin- so[iili..n hriiig d(>coinposed on boiling with the 
prccipitatifin of a greeii ec.iiijMiniid and evolutio]i of hydrocyanic 
acid and the base; insoluble in absolnte alcohol. The salt turns 
yellow on heating and is staldr on standing (Found : Fe = 15-lS, 
(ale.. Fe •- : bVld per cent 

Tlie corresponding salt of tiietbylaniine prepared by Fischer 
{loc. at.) was anhydrous, eol(uir!e.<s. and unstable, 

Pip'idinv- Ihidroju'f'ocyaifid Bi'illiaiit, lemon-yellow , rhombo- 
hedrai crystals, .soluble in iiot water, giving a gi’ceu coloration; 
decomposed on Ixoiltug. Almost insoluble in absolute alcohol, the 
solution not being de(’oni]iosed on boiling. The salt is stable on 
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standing, but is slightly hygroscopic (Found : Fe = Kb77. (’^i^ 
Fe = 13-65 per cent.). The constitution agrees -with that iisskrjuJj 
by Mohler (loc. cit.). 

Q u i n oUne Hydroferroq/a n tdf’ , ( O^H .N ) 2 , H 4 F c (CN) g, i H 2 () Orar 
yellow, rhonibohedral crystals, almost insoluble in water; 
soluble in hot absolute alcohol. The salt is stable on staridii]^) 
but is sliglitly hygroscopic {Found: Fe — 11-57; K •n.dS' 
Calc., Fc = 11-59; X — 23*18 per cent.). 

Sepamtion of Pyridine and Quinoline . — The mixture of biisoM'.as 
treated M'ith concentrated hydrochloric acid until acid, cooled, anti 
dilute ferrocyanidc solution added, when the quinoline .salt canio 
doM’ii at once as an orange-yellow^ precipitate, wdiich was ciuioklv 
filtered off and washed with w'ater and with alcohol. The pyridhif. 
salt remained in 11 le mother-liquor and came dowm sf)(.m afttr 
saturated ferrocyanidc solution had been added, hydrochloric acii.I 
having been added if necessary. Tlie l)asc.s were then liberatcil 
as before. 

isoQuiuoUne llydrojerrocyanidc, (CyH-X) 2 ,F{ 4 Fe(CX)g.— Lciiicii. 
yellow, rhoinbohodral crystals, .slightly more .soluble in wat(‘rtliaii 
the quinoline salt, the solution being decomposed on boiling; ii;. 
soluble in boiling ab.solute alcohol. The salt is stalhe on siandiri^f 
and is not hygroscopic (Found : Fe — 11-85; X — 23-On. ('a!e„ 
Fe — ll-Sl ; X 23-()2 per cent.). 

It i.s hoped to extend such appllcatiojis of this work iuul Pi 
include a new method for estimating ferroeyanides. 

The author desires to thank Professor F. d. Wilson and Mr. 1. V. 
Hopper for the interest they have taken in this work. 

DEi’.^K’r.Mi-.'NT 1)1' Ok(;,\nic ('iieuist'in'. 

Thk 3t(jv.\i. TeeuMcAi. Cdi.i.ia.i:. 
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CLITL — Note on Ihc JPfjrcl of o Mar/nflic FIrU on 
CdUdij'si,^ hjl Ion-'' i)i flic Prestoice of a Paromuyndn: 
Sail, ' 

By WirxiAM Fdw.ard (l.MtNKR ami Doroi.vs Xorm.\n J.vckm.w. 

This investigathm was imderlaken as tlie result of a siigg('>li!i)i 
made by Profe.ssor W. (\ MeC, lanvis with ri'gai'd to mar 
(T., 1921, 119, 19.36) 1ha( parainagiK'tie i<ms in a strong nuigiictk 
field might uive rise to iiitejisf' local fields whit'h wmdd .'•eiiio 
influence on the rate of catalysis of dextrosi^ and sucrose soliiiioiis 
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pe Hemptinne {Z. physiM. Chem., 11100, 34, 009) found that a 
field of 8000 units had no effect on the hydrolysis of methyl acetate 
and the inversion of sucrose. 

In the following experiments, tlie etiemical I'eactions investigated 
^•ero the inutarotation of dextro.se and the liydrolvsis of sucrose 
K liydrochloric aeid. 'Idie parainagiietie salt used was manganous 

chloride. 

E X P E R I M E N T A L. 

Wedge-shaped pole pieces of soft iron were u.sod, giving a field 
of .strength 7000—8000 units. The n^aotioii liquids were enclosed 
ill a glass tube 0-8 cm. in diameter and 9'8 ern. long, with end plates 
cemented on wdth red wax. Ouing to the lieating of llie magnet, 
the tube was eooled by running water from a tow of jets. "^Eor 
the blank experiment, a inotal-jaeketed polarimcter lube containing 
the same li({uid was emtiloyed. Readings were taken every ten 
minutes. Each experiment was di\'ided into three periods of forty 
minutes, and the magmdic fi<dd was switched on only in the middle 
period, d'he possible temperature variations could thus be con- 
trolled. Only the final (u\])ei’iments need be given. 

(1) Solution : 0 grams of .MnC%,4Hd) and 3 graims of glueo.se 
ill 25 c.c. of water, Cnrnuit, 0 amperes. Temperature, IR. 

\'(-loclty constant. 

'I'est, Blank. 

First porind 40 minulns X(i fii'li] O'OdidM; 0-00414 

Second 40 .. CurreuT on 0’U(j4U 

Fast ,. 4(1 Xuii.'hl ii-()n412 0-0(J427 

(2) Soliilioti : G grams of MnC'b.IH./') and 3 grams of sucro.se 
ill 21 e.e. of water and i o e,e, of eoneeiil rated hydrochloric acid. 

^^‘lncity constant. 

To.-t. ' Blank. 

First period 4U jninuic.s fii-M (Vou4:;.7 0-00428 

Second .. 4u .. Cnircia cii n- 0 (i 4 .i 7 (1-00442 

't'lird .. 40 .. No (i..ld 0'0(i441) 0-00430 

The. aiisnunt of catalysis, if any. is loo small lo lie measured by 
tiiesf^ methods. 

I*irVsr<-.\!, (.‘nKMt* AT. L \K<IK \T( MU i:s, 

rMvt-KstTV (.'oM.iau:, ],(i\i»ov. 'Hxriml June 2n<L U)22.J 
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CLIV . — The Action of Sulphur on Cuprous Chhridi^ 

By Frederic Williaji Pinkard and William Wakdu\v 

In exporiincnts on the oxidation of cuprous chloride by sulpli^j. 
dioxide in tlie presence of dilute hydrochloric acid (this vol., p. opj 
the present autliors obtained a precipitate of cuprous 
which tiiey considered was formed by the interaction of ciipro,,^ 
chloride and the sulphur initially produced. 

Vortman and Padber^ (bVr., 1890, 22, 12042) state tliat when 
cuprous chloride is boiled with sulphur, cupric chloride is forintd 
and eu]iric sul].)hide prec.i])itatGd, the readion being repro.s(‘ntetl 
by tlie e(piation : 

Cn.,C!.^ "I" PuCU. 

In (lur previous experiments the amount of sulphide prodix-ed 
in tin's wa_v was small that it uas not pos.sibh) to analvse it 
Voidman anil Padberg (/or. rit.) met with llie same dilhcnltv. 
aiul tlie presi'iit iwperiments weri' made with a vii'w to dctenuiiip 
the I'omposilion of tlu' sulphide obtained and therehy test o;iv 
hvi)othosis as to tiie mode of formation of the caiprons siilphkif' 
obtained in our oxidation experiments with cu[)rr.i:s ebloride ami 
sulphur dioxide [he. eif.). 

Id X P F, R T ^t F. X TAT.. 

Cuprous chloride and linely powderiMl siilplnir in the preM-nfe 
of dilute hvdrocliloric acid (isn c.c. of 3;] per cent, acid and 
of water) Mere licc.lcd under rcilux lor several days while eHi'b.iii 
dioxide was continuously bnhliled throngli the liquid, the tem- 
perature beiiPi kept (Hiiistant by means of an oibhath nniintairK-d 
at 12(J . The eiiju’iajs chloride uas ])repared by tlu* inetlid 
described iJ<>e. rit.). and tlie oilpliiir was iniritied by reiTVSlallisatiuii 
from chluroforMi, d he blael: ]a‘eeipita(e obtained was liitered hv 
the aid of the jmmii in a enrnmt of eaidioii dioxide, the fnmrd 
beimi jacketed witli vaim' at 9n - tb> , if was waslied thormighiy 
with a iio( conci-nt rated .-ohuion of -odinm ciilorkk^ to remove 
all traces of enprous rliloi idt*, and then \\itli hot water to iviiiuve 
sodium chloride, 'riii' fiiiihcl-jaekot was etxded and the preedpitati* 
washed with ethei' thric tinm,-;. the tefiiperature of the jacket beins 

then raised to tin -9b u! order to dry the precijiitate, Ihc liltratir 

eontaiiied euprie ehloi'ide. 

In tile earlier exi'iia'imcti; -. allein];!' to remove tlie free sulplutr 
from tho lU'eeipitate by extract ion with ehloroform or carbon 
disuljihide 9i a Soxldd apparatus were nnsuccessful. After fourt ecu 
day.s’ continuous extraction an examination of tlie prcoipitatv 
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^.hou-ed that free sulphur ^vas still present. Xhi.s appears to he 
to the fact that the sulphide fonius a coating on the sulplinr 
and protects it from the action of the soh'ent used. This sup- 
position, which also accounts for lln^ small yield of sulphide 
obtained, seems to be verified by the following .simple experiment. 

Sulphur was moistened and rolled into balls ajid allowed to react 
with cuprous chloiide in the usual way. .Vfter filtration and 
drying, several of the balls remained unbroken. The precipitate 
was placed in a small flask and gently' wai’mcd with concentrated 
livdrochloric acid in a curnnit of caiTon dioxide. The black 
precipitate slowly dissolved and the unhrok'cn balls nnuained as 
bails of 8iili)!iur of ap])i'oxiniatGly th(^ origijial size and siiape. 

The inability to obtain the sidphidc nneontaminated with sulphur 
led to efforts to obtao! ('jiialitativt^ (widence of its liaturc. The 
dried precipitate wars \\;n-nicd witli concentrated hydrochloric acid 
i]i a flask through wiiich carhoii ditAifle was iiassing. The flask 
was fitted, in addition to tlie carbon dioxide mil ranee and exit 
tubes, with a short eiiti'ance tii})e terminating above, and an exit 
tube, dipping belov , I lie siirfaca' of the liquid. This entrance tube 
was connected, tln'oiigh a tap, with the carbon dioxide suppiv. 
By diverting the carbon dioxide througli tlii.s branch and closing 
the usual exit pas.^ago, the lirpiid in the fia.sk could lie expelled 
through the special exit Itihe and collected in any de.drerl vessel 
without coming into contact with air. It was found in this way that 
when a small amount (ff tlie solution was passed into water, a 
white precipitate, which had the rcaction.s of cuiirous chloride, was 
obtained. Moreover, when altoiu lln e.c. of tlie Mtlution were 
thus Iransfcnx'd to a flask containing Itl c.e. of standard I'er-jic 
alum solution, 10 e.c, of coneeiitratf'd liydroclilorie acid, and exces.s 
of potassium tliiocyanale solution, and the whole wa.s titrated with 
titanous chloride solution, tlie titration .'^howecl that no cupric 
.salt was present. 

The presence of sulpliide in the precipitate waj> .diown by the 
evolution of hydrogen sul])hide on treatment with concentrated 
hydrochloric acid. 

Finally, an indirect analy.sis of the black precipitate was made 
in the following way. The dried precipitate was dissolved in 
concentrated hydrochloric acid contained in a lia.'k through which 
a slow current of carbon dioxide was passing. The evolved gases 
^^vere passed through three llasks containing concent I'a led hydro- 
: chloric acid saturated with sulpiiur dioxide. Sulphur \\as deposited 
j by the interaction of tin' su]}diiir dioxide and hydrogen sulphide 
dn accordance with the (.'quation SCX -- = 3S -- ilHoO 

^(Debus, T., 188S 53,278). 
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When all the blaek precipitate liad disHolved, the al)<r)r]}tio,i 
flasks were warmed to ooagiilato the sulphur, wluch M-a,s 
off and weiglic'd in a Gooch crucible. Two-thirds of this 
came from tlic original sulj)liide as liydrogc'u sulphide. 

The solution nt)tai?ied by tlu^ action of the hydrochloric aik! i)]j 
the black precipitati'. ^v■as diluted and lilterod tti remove tlic 
sulphur, the latter b('in<; ^\asllcd free from cup[)er l.»y hvilnK^.jjj,,^^. 
acid. The tiltr'ati' was oxidised A\i(h sodium peroxide? to eoiivcn 
any cuprous to eiipih* .sail, and the co])per present was eNlijn;{if..| 
gravinictrically as euju'ie oxide. Tlie Avoiglit of copper thus i'ou,,,’ 
must have been combined wilii the sul]>hur evolved as liydroeoi 
sulphide. From this the ratio of the uumher of atoms of copiiLi 
to the number of atoms of sulphur p}r.«;e]it in the original eoinjKiuiiil 
was caleulaltHl ajid found to h(' 2'1 : i. This shows the sulphid^. 
in ipiestioii to be cuprous su Ip hi tie. 

Siiinitnirjj. 

1. Tlie indirect analysis made, in eonjunctirm with the (juali. 
tativc evidence obtained, justities tiu' conclusion lliat w1k‘ii sul[}li!)r 
acts on enprons ciiloi'idf? in the presence* of dilute hydroeiiloik 
acid (180 c.e. of 33 per cent, acid and 32u c.e. of water) cuprous 
sulphide is formed, the follow ing eqiiation being suggested : 

JCiiXlo ; ^ ^ 1 2('ua. 

2. The cuprous suiphkie thus produced forms a coating on tV 
unchanged sulphur, preventing further action. The yields aK 
oonscrpiently ^■eI'y small ajid the unchanged sulphur very difhetih 
to removc- 

3. The view put fmmard by the authors as to the mode of fom- 
ation of the cuprous sulpliidc obtained in their exporiraents on \k 
oxidation of cuprous eliloride with sulphur dioxide {lcx\ cii) i.« 
supported by the results now obtained, it may be noted tkt 
in the experiments refej'n^d to. the conver.'ion of the sulphur lo 
sulphide was in sonu? ease's coiiqdcte. The increased yield oi 
.sulphide can be ca.'^ily undr?\dood when it is recalled lluit tlit 
.sulpliur in those exjK'rinu'nts was originally produced in a very 
finely divided form and consctpu'jitly the. possibility of rmy een- 
siderablc amount of tho sulphur being protected l>y a coating ei 
the sulphide was extremely small, 

The authors desiiX' to c.xpres.s iheii* thanks to the Glminical Soeirly 
for a grant in connc.xion with thi.s jv.'earclu 

Chemic.ai. Dmrs RTMK.x'i', 

The Universitv, liii:Mis<.Fj.wu. 
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{nlermolfcular Comlumlioii vj Mdlnfl 
Idliijl Kdone in the Prcwnee. of (’akium Cmbuk.' 

By O.scAK IBakkk and Jockiax J<jRLn Tiiokim:. 

oxpf'nmonts dcscrihotl in t]i(^ cnniniiniicatioii wvtv under- 
witli the object of ascertaining which .if the Ihive tlif;.iretiea]ly 
jmssil'k eonipounds {!), (\'), or (IX) is fortned Ity the condensaliou 
of two ntoiccuies of iiK'thyl ethyl ketone hy means of caJciuni 
('ai'ivido in accordance witli tin' ni<‘thr)d devised hy Bodroux and 
Tahoury {Bullcduy IDOd, 3, H'Vi). The question ims been left 
te some ('xtciit an open one, and it was lu'cc'ssary, it'uin our poiiit 
of vi{>w, to ascertain tlie correct answer because dihvdroresorcino! 
(ioi'ivatives of the tyf^e which is fornnal iiy the condensation of 
siilsstitiited mesityl oxides Avitli ethyl malonate are now ]>eimf 
used extensively in the investigation of ’‘'7>dv.;-compoun(ls which 
\u' have in hand. 

The coiyaensatioii proceerls in accordams' witii tlie equation : 

2(Viy) - lid) 

and thcrehu'c the possibilities are threefold : 

(1) The condensation may [n’ocecd to form (I), which on treat- 
ment with ethyl sodionialonate will give (JI), and this on hydrolysis 
will pass into (ill), tlie structure of which will he revealed by its 
oxidation to o-metliyhS-C'diylglutaric aeid (IV) : 



OH, 

CH, 

CH 

/'\ 

/\“ 


CO CMeEt 

CO CMleEt 

CO CMeEt 

MeCH CH-CO,Et 

McCH CH, 

\/ 

\/ 


CO 

C'O 

(I) 

(II,} 

111.) 


HO.^C-CH, 

X'' 

C3IeKt 

CH, 

/ “ 

HO/J 

(IV, ) 


(il) Th(‘ conden.sation ju'orh.ict niay have formula (V), which 


would give the dihydrore.^oreinn! derivative (VJ), yielding on hydro- 
ly.ds (\'JI), wliicli oil oxidation would give cdi-diniCthyl-fi-ethyl- 
:gutaric acid (Mil) : 


ClLMc 

fdiic /\ 


ClLMc lIO,.C*CIDlc 

“ \ 


CO CMi'Ct CO CMcKt 
CO CMcKt CH„ ClLCCoKt idL, CH„ 

CO CO 

(VJ.) (Vil.) 


QleEt 


IV.) 


(VUI.) 
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(3) The two mol<jscules may condense lo form (TX) wliich^ 
ever, as it is not an afi-unsaturated compound, would not conden^^ 
with etliyl sodiomalonato unless tlio double bond were 
to the a!3 -position during the process of condensation. Jf 
were to lia])})en, the product would have the formula (X)^ 
hydrolysis product {XI), and the glutaric acid formed on oxidatio-i 

(XII): 


CH, 

CH /\ 

CO ClI’CHMeEt 
CO CH-CHMi'Et CH. Ci-l-GO., lit 
CH, \ / 

CO 

(lx.l (X.) 


CK., HOXH’H., 

/\' ■ \’ 

CO CH-CHMcEt 

CH. CH., CH, 

\/ ■ / ■ 

VO 1U),0 

|XI.) (XII.) 


Tlic experiments show that, a])art from some liii^lier-l.ioiiin^ 
product, the sole substance produced in the emidcnsalioii lias tin- 
structure (I). When condensed with ethyl sodioiiiaionate, it yidls 
the compound (II), and llu' diliydroresoreinol d{'rivative (ll]i, 
l>rodiiccd from this, gives {j-inethyldj-cthylghifaile acid on oxidation, 
It is worthy of note that, unlike any other derivative of diliydiv- 
rcsoreinol hitherto investigated, the substance (III) i.s nn.stal.iig 
and rapidly passes from tlie crystalline form to a ix^sin on keeping. 


E X r E R 1 M n N T A 

(1).— Methyl ethyl ketone (dOO gralu.^) v>d- 
treated in the mainu'r de.-ei'ibed by Bodroux and ’laljourv ifiy. 
cit.), the carbide used being wry linely crushed. The operatinn 
was continued for c'ight hours and the product was then fi'cic- 
tionated at orditiaiy prc.ssure. After refractionating, ()2'.5 gram.: 
of distillate were olitained which boiled at HU— 1(10 . This frac- 
tion was found to give the semicarhazone, crystallising from alcohol 
and melting at 111)— I20y d(\-eril)ed by the ahovo invc'stigator.s 
Condensation irith Ktli;/! ‘Sodlontalonafi . Formation of Llltf 
I : A-DinictJujlAcxoU'dn .ratu -1] : o-dtoiie-'l-carooxjfhd^ (Bj- — 
ture composed of 7’d grams of sodium di^s(l|v<•d in idO c.e. of alcohol. 
4s gratiis of ethyl malonate, and I^'d grains of A'--heptcii-y-o!:i' 
was heated on tlie steam-bath foi' two liours with friaiucnt :diaki!i;:. 
Ttie produf-t was cooled and poured into t litre of water, acd mi- 
changed inatcrial e.xtraetcd i)y ether, The acpieous layer was thci! 
acidilied bv means of hydrochloric acid, when an oil was piv- 
eipitated which would not solidify. It wa.s therefore extracted 
by ether and obtained as a clear, viscid li(juid which gave, in 
alcohohc solution, a deep rod colour with ferric chloride. As the 
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could not bo distilled without undergoing dcc.,in,,osifion tlie 
.,;iccini(‘ii analysed was taken from tln^ erude liquid after it ’had 
stood ill an evacuated desiccator for several (la\-s (h'mnid ■ (' . (ivji . 
H S-04. CisHjjO, requires 0 OreO ; H s-l! pi.,- ' ' Th.’. 

,ster is readily and completely soluble i„ dilute aijm-ons sodium 
bvdroxidc solution. Tito yiedd was 02 grains;. 

‘ 1 ; : ry-dlone (I FT).-~Tlie crude 

rster (28-5 grams), mixed witli a solution containing ]oo gram, 
of crystalline barium hydroxide in 700 grams of ^^•ate[^ was heatc^d 
to tlio boiling point for^ twenty hours, and then, while liot/was 
aciditied and filtered. The filtrate; was made .strongly acid bv 
means of hydrochloric acid and luxated- to tlio hoiliiJg' point for 
liftoen minutes, during wliicli ojieration an insoluble od boated ott 
the surface of the liquid. On cooling, the oil solidified and the 
aipieoii.s solution deposited ’well-defitied crystals of the diotie The 
solidified oil was also found to bo the dione, tlie total yield heim^ 
D-a grams. It is very soluble in ben/ene and alcohol, but crystal- 
]i..esfrom water or Crom light iietroleiim (b. ]>. SO— KJO'^) as glistening 
scales which melt at 113—1 14'. The aqueous (w alcoholic solution 
gives a deep blue-green colour witli ferric chloi'ide (Found : 0 71-27 ; 

H - b-40. CiolIigO.^ requinbs C ^ 71-4; 11 q.q per cent.). The 
dioiie was found to l>e unstable both in the open and in a desiccator, 
hut it can be k{q)t in a vacuum desiccator or in a sealed tube. 
Decomposition was .shov and a viscous oil with an uii]]leasant 
smell was formed. An attempt was made to determine tlie nature 
uf the ciiange by .scquirating the oil from the solid and distilling 
it under diminished pressure, A fraction heeling at 168— 175"/17 
mm. ’ivas obtaimal which gavtc in alcoholic solution, a deep red 
colour with^erric ehlorich'. I he in\'cstigation of this compound i.s 
in progress. 

Thf' Constituiion oj th< l)ioiir (111). Fornfulion of 
dhjdjlutarir Aad (t\ ), — Tin' diom' (5 grams), dissolved in 25 c.c. 
of l6 ])(■]' cent, acjueous sodium hydroxidt; .solution, was cooled 
to 0 and an ice-cold neutral solution of 15-5 grams of bromine in 
3o() c.c. of water added, the neutralisation of the solution having 
been previously etfccteil by means of 10 per cent, aqueous sodium 
hydroxide. The mixture was k'ft at O' for tlrlrt}' minute.s, wlnm 
a test portion was found to rmuain clear after acidibcation by 
Jiicatrs of hydrochloric acid. After extraction with ether, ^2-8 grams 
of ail oil were obtained i^’liich solidilied on k(n’ping. It was recrys- 
tallised from a mixture of bcnztuic and light petroleum (b. p. 80— 
h>oq, when it formed plates melting at 82 — 83’ {Found : C — 54-01 : 

— STO. Cale., C 55-1 : 11 -- S-1 ]ht cent. Found : for the 
«lver salt, Ag — 55-71, Calc,. Ag --- 55-65 per cent.). 

VOL. CXXI. ZZ 
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The acid was proved to be identical with p-methyl-p-ethyli/iQ^j,-^, 
acid by direct comparison witli a specimen of the acid wliidi liafi 
been prepared through the Guareschi compound. 

The Imperial College of Science and Technology, 

S. Kensington. [Received^ J unc 14;A, I922/ 


CLVL — The Conditions Underlying the Formntm oj 
Unsaiurated and Cyclic Compounds from Ihdogai. 
ated Open-chain Derivatives. Pari 1 V. Product 
Formed from Halogen Derivatives of Mvcmic Acii 
The CoJistitution of Muconic AcuL 

By Juan Pedige Charles Chandrasena and 
Chrlstopher Kei.k In gold. 

The purpose of this series of papers is to examine by the com. 
parativc method described in Part I (T., 1921, 119 , 305) llie effect 
of the follon'ing circumstances on Dm ease and manner of foimation 
of the simple carbocyelic rings : {a) the number of carbon atom; 
composing the ring, (6) the presence of substituent groups such as 
the methyl group, (c) unsaturation. These three natural diviskins 
of the subject arc being pursued concurrently, and in cunne.dmi 
with the first, ^\■hich consists in examining the production of riii^ 
compounds by the establishment of a bond between the a-carhon 
atoms of each of the straight -chain acids, CO._>H-(CH,)„-COoH, 
(he study of the reactions of adipic acid has recently been com- 
pleted (T., 1921, 119 , 951). Tlieim are two symmetrically con- 
stituted unsaturated acids which apjiear suitable for fnvcstigatioii 
in comparison ndth adipic acid with the object of obtaining an 
insight into the general character of t he effect of unsaturation on 
the closure of four-carboii rings. These are muconic acid (1) ard 
A-^-dihydromuconic acid (II). Both have hitherto been difficult 
to obtain, but it so happens Dial in connexion ^vit]l the investig- 
ation of .adipic acid {he. r.if.) a convenient method was elaborated 
for the preparation of large' amoeints of muconic acid, which, a? 
PvLipc proved [Annalcit, 1890, 256, 26), passes on reduction witti 
sodium amalgam into .i-'^-dihydromuconic acid, Die addition d 
the hydrergen atoms taking place in the a- and 8-positions : 

CH).,H‘CH:(;ir-CH:cH*co.H C().ji*CH.><Ti:('iK:ip-co4f 
(L) “ (D-) 

Both acids may therefore be obtained in any desired cpiaiitity. 

At the outset of this seri('s A ('xperiments it wrus supposed that 



cnsaturated and cyct.ic compounds, etc. p.urt IV. 1;J07 
..broiiio- and aS-dibromo-d^-diliydromuoraiic .adds (HI and IV) 

til,, buliaviour of which towards alkalis was to be invest i,. at,.,! 
I,y the nictliod emidoyed in conne.vioti with tlie cases provknj.slv 
cMinincd, could be prepared directly from muconie acid bv 1 ’4 
addition of hydrogen bromide or bromine. Paipe's experiment on 
the reduction of muconic acid and Tliiele's on the additimi of bromine 
to butadiene, 

not to mention many other well-known instances of l'; 4-addition 
to symmetrical conjugateil systems, sn^r^rest tliat ^\i!en muconic 
acid is treated with a limited quantity of liydrugen bromide or 
bromine the two atoms of the iirst molecule adried to the unsaturated 
chain should attach liwniselve.s to the a- and ^-positions : 


(I.) 

co.2H-ch:ch*oh:ch-co2Ii 


(111.) 

COoli-CHBr-CH:cn-CHBrCOJ[ 

(IV.) 


Indeed it has frequently been stated, presumably on the ground 
of the analogies mentioned above, that muconic acid actually 
does add bromine in tins manner. 

Muconie acid itself is only very slightly soluble in the usual 
solvents, and, consequently, the action of bromine on it is difficult 
to regulate; the minute quantity of muconie acid present in 
solution at any moment is in contact, imder almost any e.xperi- 
mcntal conditions, with a very large (oxcess of bromine, which 
converts it into tctrabrojuoadipic acid. If, however, in place of 
muconic acid, ethyl mueonate is treated v jUi two atoms of bromine, 
the product is a crystalline dibroniide, to which Buhemann and 
Dufton {!., 1891, 59 , 752) a.s.signed the formula \ . \o reasons 
were given for assigning that formula in preference to formula VJ, 
but at that time it probably seemed unnecessary to adduce any 

(V.) CO^hit-CHBr-CHBr-CHiCK-COoEt 

C02EfCHBr*CIi:CII‘CHBi-C02Et (Vi) 

definite evidence for the xivw that addition had taken place in 
the 1 : 2-po.'<itioii, because the known instance.s of 1: 4-addition 
^U‘re very few and it could .scaretdy have been su.spected on the 
Iwsis of the evidence tlieii available that this type li addition 
to systems of conjugated duulde bomb is a phenomenon having 
large degree of generality. Since that time, however, instances 
of 1 : 4-addition have rapidly multiplied, and although there are 
9oitc a number of very wi'Ibknown examples of reactions in which 
hydrogen, one < f the halogens, or nitrogen tetroxidc is added at 

zz 2 



1308 CHANDKASENA AND INGOLD : CONDITIONS OF FORMATIQX of 

the 1 : 2 (or 3 : 4) -positions to unsymmctrical conjugated 
we can call to mind at the moment only one wcdl-cstablidied eas(' 
of the unsymmetrieai union of any of these addenda with a ^vaj. 
metrical conjugated chain : Straus showed that 
butadiene (VIT), altliough it takes up hydrogen in the p and 
4-positioiis exactly as muconic acid does [Avvakn, 1005, 342, 25(ii 
yet nevertheless forms a 1 : 2- di bromide (Ber,, 1900, 42, 2HGC) : 

(VlII.) 

(VI I.) CaHa-OHo-CIi:ClPCH,>C,H- 

CVH.'CH:OH'Cn:CH*CaH/./ 

C,H,‘ClhBr-CHBr‘(:H:CHd’Jl 

(IX.) 

However, it seems clear that in the great majority of in. 
stances broiiiine as wtdl as hydrogen attacln'S itself to the rcddiu- 
ill accordance vith the Thiele rule (Thiele. 
AfUiak n, ISOS, 306, 89, 94, 147; ISO*), 308, 333; 1900, 314, 29S: 
1001, 319, 129; Perkin, T., 1905, 87, 041; Willstatter, AunahK 
1901, 317, 25G, etc.); but in view of the fact that at least one 
detiiiite exception has been recordc'd it seemed desirable to in. 
vestigatc the constitution of the dibromide of ethyl nuiconate, 
The substance was lljcrefon' submitted to regulated oxidation 
by means of cold alkaline permanganate. 

An examination of tlu' oxidation products obtained under 
various conditions <|iiickly rendered it clear tlial tlie original 
dibromide had formula V and not formula VT. On trcatniem 
in the cold witli alkaline permanganate, it took up one atom A 
oxygen and yiedded a hydroxy-ester (X), which, when h\droly.<ed 
l)y means of mineral acids, ga\'e a hromo-lact(mie acid . The formula 
(XII) assigned to this compound is completely borne out hy all 
its i)roperti(‘S. and by its relationship with the other- oxidation 
])roducts (see tabular simimary, below) obtained from the urigiiial 
dibromide. Thus the bromine is very firmly held ; it is only viry 
slowly removed in the form of silver liromide wlieii the broino- 
lactonic acid is boiled with concentrated nitric acid eontainiiiL 
dissolved silver nitrate. The bromine atojn, thereforr', is in all 
probability attached to a doubly bound carbon atom, and tb- 
lactone (which is unsaturated) must he related to the saturated 
liydroxv-ester (X) in tlie manner indicated by tlu- formuUe. Tlie 
position of the bromine atom is continued by the observation thru 
the same lactonic acid can be isolated in small amount from tk 
mixture of acids (consisting chiefly of oxalic acid) obtained B 
the action of cold permanganat(' on x-bromomuconic acid (Xb- 
which acid is produced by hydrolysing the original dibromkb 
in tlic manner descrihed below. On further oxidation by i)irujaii' 
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gaiiaUs the lactonic acid is converted almost quantitatively into 
three molecules of oxalic acid, but the liy(lroxy.,.stor gives an acid 
jvriip, which must consist of ethyl hydrogen dibroinosueeinate 
and ethyl hydrogen oxalate, since on hydrolysis hromomaleic and 
oxalic acids are obtained : 

Hydrolysis 

■'ZcO.,Et-Ci[Br-CHBr-CH;CJr-e()ja Caiu^r-cFcii-ai.Ci) H._ ' 

tW.) ' 

- ■ I I 

: • 4' ... 

3 COjEt-ClfBr-CllBfCH-CH'COjjEt — CO'CBriCH •CJ-f-CH'C()„H 
1 OHUM 0 I 

t . . IXII.) j 

Y t T f ; i q 

CtbEt-GHBr-CHBr-CO^H + CO,H-CO,Et C0,]['CBr:CII CiO^H-COBl 

' I I 

In niuconic e.ster, (bereforc, a.s in a^-diphenylbiitadienc, no Imve 
an example of a substance which abides hv the 'Xhiclc I'lile so far 
as it concerns the production of a diliydro-conpiound, hut departs 
from it in forming a di bromide; clear proof that the Thiele rule, 
even if considered purely as an empirical generalisation, requires 
,-;omc definitely restrictive* modification. 

One restrictive circumstaiiee has ])cen ])laced in a very clear 
light by Hinrichsen {Chem. 1901, 316. 43), who has pointed 
out that all addenda in which the two constituents have oppositely 
polar character, for example, 1 [— Br, H— CX, Xa— {'H(C0.2Kt),„ 
inraricihJy attach themselves to the 1 : 2-j:)osition.s of a conjugated 
chain; no single instance of 1 : 4-a(ldition has been proved. It 
is true that in all the eases (m which Hinrichsen based his generalis- 
ation the molecule containing the conjugated chain wa.s unsym- 
iiietrical, a circumstance which might he suppo.sed lo favour an 
iinsynunetrical mode of addition. However, if one may judge 
from certain experiment.'^ on ethyl muconatc which have recently 
lieen carried out by iMr. H. H. lharmcr, the same rule holds even in 
additions to symmetrical molcimlcs.T The course pursued Viy the 
addition of ethyl sodiocyanoacetate and etliyl sodiomalonatc to 

* 111 certain instance.'^, it is possible, In' assuming a complex incchaiiism, 
to iniei'pn't these addition reactions a.s 1 : 4-additioiis. In many cases, 
however, this is nob possihle. ami it seems superfinnu-. therefore, to intro- 
chico complicating assumptions for tlie sake of snlnlividing [dtenomena which 
on flic simple.st ground stand tullated. 

I Since this paper wa.s n-ritten Mr. i'’armer's invest igatlon.s on the condens- 
ation of otliyl muconatc witli ethyl sudionmlonaio and etliyl sodiocyano- 
acetate liuve developed in u maimei' wliicii suggests that it would be safer to 
exclude for the present the addition of sucii radicles as Isa — CHfCOjEt), 
from Hinrichsen generalisation. 
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ethyl muconate clearly sliowa that in these oases at least Hin 
richsen’s rule holds good. So far as can he seen from the evideuf,^. 
at present available, therefore, Hinrichsen's rule is of perfectly 
general application and without exception. 

The character of the qualification to be applied to the Thiele 
hypothesis as it effects the reactions of symmetrical addenda 
such as H 2 and with chains of conjugated double bonds k 
less drastic and .more obscure than that which concerns unsym 
metrical addenda, but still there seems to be some general rn]p 
operating, the nature of which can be surmised from the instanc‘e.s 
which have been studied. The addition of hydrogen to tbp 
systems CiC'CIC, (TC'C.'O, and 0!C*C!0 may be assumed to occur 
in the 1 : 4-positions in all cases. Complications due to crof^s- 
conjugation may arise, as they do in the case of dibenzylideiic- 
propionic acid, in which, owing to the tendency for hydrogen to 
become attached to oxygen, 1 : 4 -addition to the system (TC'CIO 
takes place in preference to 1 : 4- addition to the system CiC-CX', 
and, consequently, leads to the formation of a reduction product 
which, so far as the sj'stem C!C-CiC is concerned, is a 1 : 2-dihvdro- 
compound : 

CHPh:ClI‘C:CnPli CHPhlCH-C-CH.^Ph _ ^ C.‘HPh:CH-CH-(’I].J>l) 
0H-c:0 ^ OH-C-OIl” CO,II " ■ 

Obviously such an instance cannot in any wa}" invalidate Iho 
general conclusion. Similar simple and natural explanations mav 
be applied to other apparent anomalies, and no modification of 
the Thiele rule is necessary in order to account for the mode of 
addition of hydrogen. Since bromine docs not unite with tlio 
carbonyl group, the manner of its addition to the butadiene sy.^Jtcm 
C!C*CIC alone remains to l»e considered, and it is here that thr 
mo.st puzzling discrepancies are met with. It .seems possible, 
however, to formulate tentatively the rule which, in the absence 
of cross -conjugation and other special circumstances, appears 
to govern these ca.scs. Confining attention to the best proven 
cases, we find that 1 : 4-addition may be regarded as the norraal* 
mode of addition to the system X-CH ‘X'H-t TPCTI-XC provided X 
and X'' are ])otli saturated. All cxcejdions hitlierto recorded 
belong to the type's in w liicli (’itlier X or X' (or both) is carln'lhoxyl, 
or phi-nyl, ^or, in genoral, any doithh'-honded grou}» “CK’dl. 

* At so far as conorrns hntailirnr liaving syinmelrieal 

sf.riictiiros, for example, butadic'ito, rf/r/olioptfidieiH'. etc. How far the sami’ 
remains true for misynimelrical hinaclii'tK's, sui li as isoprene, ('ILX'Mu'ClI;! Hi, 
cannot bo deciacd in the absence of furtlicr experimental evidence such as wp 
hope to provide. 
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These compounds form 1 ; 2-(or 3 : 4-)ddjrornides.* Ethyl 

inuconate and a8-diphcny]biiladicnc arc symmetrically constituted 
substances belonging to this category; othy] cinnaniylidcne- 

malonato and ethyl a-cyanocinnamyhdenracetate, wliich form 
3 : 4 .dibroraides, and ethyl cinnamylidcncacclate, which gives a 
1 : 2 -djbromidc (Hinrichsen and otliers, AnhaJen, 1004. 336 , 168 , 
U 23 ), arc unsymmctrical memljcrs of the class. Hexatriene 
obviously belongs to the same series ; it is a vinyl butadiene and 
is kiio^vTi (van Kornburgh and van Dorssen, Proc. K. Akad. 
W’ef^nsch. Amst€rd(im, 1906 , 9 , 111) to add bromine in the 1 : 2- 
positions of what may for the moment Ijc regarded as its butadiene 
residue : 

X Butadiene residue 

CH2:(‘H-CHBr-CHBr'CH:(ir2. 

The study of all these cases (and, in particular, the study of 
lauconic acid so far as it has firogressed in tliese laboratories) 
shows quite clearly, thereforv, that the Thiele hypothesis is by 
no means so universal in its application as it.s author at first 
supposed; that 1 : 4-addition takes place only under special 
molecular conditions and is essentially dependent on the character 
of the addendum. The whole matter evidently requires further 
examination, but even at thi.s stage it is clear that the experi- 
mental foundations of the 'Thiele tlieory are much too slight to 
carry either the siiper.striicture of a comprehensive hypothesis 
relating to aliphatic unsaturated com])Ounds, or the tlieories of 
aromatic chemistry w'hicli Tlncle and Hollenmnn have based on 
them. 

An instance such as that of inuconic acid, of one and the same 
substance forming two distinct tyqms of addition product, jmovides 
stronger evidence than any that has been offered by Erlenmeyer, 
jiin., in support of his view that free valencies, and not partial 
valencies, best account for the addition reactions of unsaturated 
compounds [AnnaJciL 1001. 316 , 43), The addition reactions of 
muconic acid, if considered as evidence of structure, resemble those 
characteristics wdiich one associates with tautomeric substances, and 

* Tlii.^ I'lilo appr^irs to lov.ik down iu one case, nanxely, n-pheuylcinnamyl- 
i'leneacptie acirl, wlikdi. acennliiig In 'rhiele (/or. vif.). gives a dibromide 
of the formula ('li Hr-Cl iadt C'ibp 'OdlbCgHj. The evidence on whieh 
Thiele basc,^ tliis (‘oustitutioii is « little difficult., to interpret, but the eou- 
verdon of the bromide in' alkalis into tlie lactone of cornicularic neid, 
CHPlpC-CHlCPli suggests’ ilie fonnula CBi’hBr'CH lirCH:CPh CO,H so 
6 CO 

strongly that the eoustitiuion of thi.s diljicenide must, we think, be con- 
sidered as a quesPon on wliich ntne cx-idonoc would be welcome. 
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although the condition of dissolved inuconic acid may conceivabh- 
be represented by the scheme 

co2H‘6h:ch-ch:ch-co,h ^ co,h-ch:cH‘Ch:ch-co,h . (,) 

it is in better accord with the principles by which coiiipoimf], 
exhibiting similar characteristics are usually formulated, and Avitli 
the analogy of glutaconic acid, which also gives rise to 
types of addition product (Ingold and Thorpe, T., 1021, 
to express the condition as follows : 

CO^H-CHICH-CHICH'CO.H CC.B-CII-CIKCH-Cn-COdl (jj-j 
(COJI'ClIyCHICH-CO.H ^ COJi-CH-CH-CII-CO,H) 

Strong e\ddcnce of the truth of sclionie (ii) rather than of sclioim 
(i) is to be found in the fact that it is apparently quite impossible o, 
prepare more tlian one morlification of muconic acid, although stereo, 
chemical theory allows the existence of three geometrical isomerkks. 
We have prepared muconic acid hy each of the three )\ays in 
which this substance has hitherto l)cen ])roducod (see A, expcriiiienta] 
portion). Kach of these reactions has been carried out in the dark 
and in ultra-violet light, and the residues liavc been searched for a 
second isomcride without success. Kthvl miiconate has been exposod 
to ultra-violet light in various solvents, and muconic acid has been 
treated with dehydrating agents in the hope of isolating a .secend 
form: all the.se c-xperiments have jirovcd abortive. Xmv, as 
Knorr first jiroved by his investigation of the cis- and /myes'-ciinlif 
forms of ethyl diaeetylsuceinate (Aniialfn, 1890, 293, 80), it is a 
general principle that geotnetrical isomerides depending for their 
existence on a difference of eon figuration around the double lioiid 
of a mohih' tautonierie systinn cannot remain stable in the fused 
(U' dis-solved state; for in this state the geometrical forms will 
come into equilihrium with oiu' another through tlie intervenfion 
of a structurally isoiiH'ri(‘ modification. The two sulistaiieos in 
scheme (ii) are struct urai isomerides of such a character that eiflier 
com]>letely loses the identity of its ])artiou!ar geometrical coii- 
tiguration wlnm teni[)oi'ary eotivei'sion into tfie other lakes place. 
Hence that varit'iy whicli has flu' most stable configuration 
(especiallv if this corresponds with th(' smallest solubility and 
fusibility) \yill he tfie only one capable of being isolated. The 
condition d('])ieted in scheme (i) does tug involve complete lo.ss of 
conflguratioii during interconversion, ami tluTcforc does not account 
so well for the absence of geonudrieai isoiiuTism. 

It i.s gicat interest in this eotmoxion that although (in agree- 
ment with these views) very few butadiene compounds have been 
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isolated in more than one modification, Straus {Annakn, 1903 342 , 
014) has succeeded in obtaining all the three theoretically possible 
forms of diphenylbutadiono m-trans, and fmns-trans). 

Xovertheless, they arc interconvertible with a facility which is 
quite unusual amongst geometrical isomerid(‘s; the ch-cis- ami 
ds-trans-iorms can be preserved only in the dark, sinc(' in ordinary 
daylight _ they pass rapidly into the /m>?sd/rDr9ono(]ification. 
Another instance is provided by cinnainvlidenca.cetic acid, which 
should exist in four forms, and has been isolat(;(l in two; here 
again, however, the stability of the less stable isomeride is extrcmclv 
dight (Liebermann, Ber., 1895, 28 , 1440). In tho.se cases, evidenti\\ 
the "opening up" process of the left-to-right traik>rma(ioii 
ill scheme (ii) does not go quite to completion (excepting, porhap.^, 
in daylight), so that the formuhe of scliemc (i) more exactly repre- 
sent the final condition of the butadiene .system. The ddferenet' 
is merely one of degree and its dependence on the cliararder of 
the terminal groups probably follows a simple rule, for it will be 
shown in a future paper that the characteristics of the ghitaeonic 
acids become singularly modified when the carboxyl groups are 
replaced by phenyl. 

One fact which most clearly emerges from the work described 
in the experimental part of tliis paper is the fumla mental dis- 
tinction between the 1 : 3 -unsaturation of glutaconic acid and the 
1 : t-unsaturatioii of muconic acid. In glutaconic acid the 1 ; 3- 
valoncies are evidently in a state of limited mutual association. 
This corresponds, not only with an increased tendency to form cyclic 
structures (Farmer and Ingold, T,, 1921, 119, 2001), but also with 
a partial loss of iinsaturated character, shown, for instance, by a 
certain .stability towards reducing agents and a dimini.shed tendency 
to yield products of 1 : 3-addition (Ingold and Thorpe, T., 1921, 
119, 492). There is no coiTcsponding condition in muconic acid, 
which is a very reactive and higidy iinsaturated substance; indeed 
its high melting point taken in conjunction with its low molecular 
iveighi suggests tliat an unusually large amount of free affinity is 
available for the crystal structure, The dibromide (V), on hydro- 
lysis with dilute alkalis, yields cilher x-bromoniueonic acid (Xlll) 
or the bromo-hydroxy-acid (Xl\') according to the conditions, and 
neither of these compounds afipears to possess the least tendency 
to pass into a cyclic substance. The process by which hydrogen 
bromide is eliminatod in the presence of strong alkalis nivolves tlie 
interaction of two molecules of the original substance ; the principal 
products appear to have the constitutions I'x pressed by formuhe 
X\ and XVI, in which the configuration around each of the 
double bonds must be taken as trans in order to account for the 
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absence of any evidence that these substances tend to pass 
lactones. 

(XIIT.) (XIV.) 

COjjH-CBrlCH-CHICH-CO^H CO2H‘CHBrCH(OH)*CH:Cif.C0,H 
(XV.) (XVI.) 

C02H*(3Br-CH(0H)'Cli:cn'C02H CO2H-f>OH{OH)‘CH:CH‘C0,h 
C02 H-CH-CH{OH)-CH:CH‘COoH COaH<>CH(OH}-OH:CH*('(3jn 

One of the ingst singular of the reactions observed during 
course of the investigation of the di bromide of glutaconic acid (foe 
cit.) was that by which, under the influence of alkali alone, sjjontan- 
eous reduction occurred with the formation of glutaconic acid 
free hypobroiuite being produced in the solution. Such reactions 
arc not of common occurrence, but iji the majority of those caKCij 
in which they do take place the products are tautomeric substances 
which acquire mobility as a result of the change. Many examples 
could be quoted to illustrate this tendency to the production of a 
mobile sy.stem, but the case of glutaconic acid is a typical one, and 
it is significant, in connexion w ith the view to which thi.s work has 
led of the mobile structure of muconic acid, that this substance also 
is produced b}^ the reaction described : 

CO.^Et-CHBr'CHBr-CIBCH-COoEt 

C02H-CH:CH-CH:0H-C02H + XaBr h XaOBr. 

Experimental. 

(A) Identity of the Muconic Acid Oldained by Different Meibotk 
Muconic acid has been prepared from rjS'.dibromoadipic add 
(Rupe, toe. cit.) by the action of 20 per cent, alcoholic potassium 
hydroxide. Tlie reaction has been carried out at 50 both in the 
dark and in ultra-violet light : it has also la'cii eonduett'd at lOttiii 
ordinary diffu.se daylight. Tlu^ main ju’oduct obtained in all 
wa3ns was ordinary muconic acid (m. ]). 305 ) ; in {‘ach case the 
residues were searched for an isomeric acid without .success. 

The condensation of malonii' acid with the hisuljfliite <‘oinpuu!iil 
of gh'oxal was carried out as described by Behnmd and Kooliiiaii 
{Aymalen, 1012, 394, 22S). Tlie 3'ield of muconic acid (111. |). llU-j ) 
was small (0 per cent, calculated on tlu' glyoxal), hut it appcaml 
to be the only unsaturated acitl present, d'lie remainder of the 
material consisted largel}’ of succinic acid, and it contained oxalic 
and glycollic acids and p(^ssibly glyoxxdic acid also, although tlib 
could not be definitely identirn'd. 

Muconic acid was also prepared by the action of concentrated 
methyl-alcoholic jiota.ssium hydro.xidt* on (dhyl 7ne-so-ax'-di!m)ma- 
adipate, ethyl r-aa'-dibronioadipat(‘, (dh}’! mcs'ci-ax'-di-iodoadipate. 
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and ethyl r-aa'-di-iodoadipate. In each case the products 
of reaction were exhaustively investigated in’ the way nreviouslv 
described (Ingold, T., 1921, 119, 958). More llm 90 per cent 
of tlic inaterial was accounted for as pure isolated products ; of 
this niorc than half consisted of niucojiic aedd {ni, ]>. :i0o"), })i]t no 
trace of any open-oliain isomorido could be detected. 

The muconic acid obtained l>y all thc'.se methods ineltcd at 305" 
(tlecomp.), gave an ethyl e.ster, m. p. 04", and, a methyl ester 
m. p. 159". Solutions of the eth)d ester in ether and in pyridine 
miderweiit no change on exposure to ultra-violet light. 

Muconic acid is not attacked by acetyl chloride at 100" or by 
acetic anh^alride at 200". It was not -found possible to prepare 
an anhydride of muconic acid either by heating the acid alone, or 
by tlio use of the customary reagents. 

(B) Condituiion of Ethyl Muconaie Dihromide (V). 

Muconic Acid. Tlie main (Quantity of muconic acid rerpiired 
for the experi?)ients described in this and the following section was 
prepared by pouring the crude dibromination product of adipic 
acid into ethyl alcohol and allowing the esters thus obtained to 
flow into a large excc,ss of ladling GM-inetliyl-alcoholic potassium 
liydroxidc {loc, cit.). 

Ethyl Aluconate. — Muconic acid canjiot readily be esteritied by 
the usual methods owing to its insolubility ; after boiling for several 
hours with an ethyl -alcoholic solution of hydrogen chloride or 
sulphuric acid the major portio?! of the acid can be recovered 
inichanged. The following process gave fairly good results. 

linely ground muconic acid (100 grams), dissolved in 1 litre of 
concentrated sulphuric aeid, was boiled with 2*5 litres of absolute 
ethyl alooliol for two hours, and tlie mixture was cooled and poured 
witii stirring into 10 litres of ice-water, Tlie esfer, whicli .separated 
as a flocciijent precipitate, was washed v'ith water, dissolved in 
ether, and the ethereal .solution washed with aqueous sodium 
earboiiate and W'ater, di'ied with ('alcium ehlorido, and evaporated. 
The ester obtained in this way weighed 102 grams and was 
siitliciently pure for bromination (below). 

A better yield was obtained as follows. A mixture of muconic 
acid (150 grams) and phosphorus peiitachloride {500 grams) was 
warmed until liydrogen chloride ceased to be evolverj, and then 
cautioasly added to 1500 c.c, of absolute ethyl alcohol. After 
keeping for tw*o liours, the alcoholic solution was poured into 8 
litre.? of water, and the precipitated ethyl muconate collected, 
washed, and dried in ether a,s before. Tlie yield of nearly jiun; 
ester wa.s 185 ui'auis. 


z z* 2 
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Ethyl Muconate. .Dibromide r—This was prepared from etliv) 
muconate by Kuheniaiiti and Blackman’s method {T., 1800, 57 
370). 

Ethyl ::i^-Dibromo-y^-dihy(hm.ijadi 2 )atc (X). — A solution of t>tliv[ 
muconate dibroiiiide (10 grams) in 7o() c.c. of 96 per cent, alcolioj 
was treated with one atom of oxygen in tlic form of a 4 per cent, 
solution of potas.sium porniangaiiate containing ex'ccs.s of niagnesimn 
sulphate. Tiic oxides of manganese were di.ssolved by addin^t 
sulphurous acid, and the solution allowed to evaporate and tlicn 
extracted with etlier. Tlie residual syrup could not bo piirifictl Ijv 
distillation, and it was tlu'refore desiccated in a vacuum for several 
days and analysed (hoiuid : Br ^ 39-9. C^QHjgOjjBr requiro? 
Br = 40-8 per cent.). Its constitution was established ly [[, 
hydrolysis to a-bromo-yS*diliydroxy-Aa-dihydromuconic acid, and 
by further oxidation to the acid-esters of dibroinosuccinic acid and 
oxalic acid. 

Lactone of ^ji-Bnjwo-yhaUhydroxy-^f^-dihydromvconic Acid (XJI;. 

■ — Tills substance was ])reparcd })y hydrolysis of the. aW/ 
dihydroxy-eoni]aouiid vitli concentrated hydrochloric acid. Whoti 
alcohol ceased to be evolved, tlu^ solution was evaporated to drv- 
ness and the residue purified by crystallisation from a mixture of 
chloroform and acetone, from ^vhich it s(‘paruted iu s[)e.ar-sliajU‘d 
needles, 111. [i. 157''. 

Tlie lactone ring is readily split by means of alkalis. Wlioi 
titrated in the cold with dilute alkalis, it behaves as a moiiokdc 
add, hut if it is tir.'^t dissolvetl in excess of alkali and the c\«si 
titrated with add tigiires eoiTesponding with a dibasic acid 
C^jHjOjjBr, are ohlaiiKal. The lactone instantly decolori.scs cold 
alkaline permanganate, but a .sejiaration of silver bromide does not 
take place when it is boiled for several minutes witli eone(-iitratal 

nitric add and silvi'i- nitrate [Found: F 39-0; Jl-d-l: 

Br -- 33‘4. Kqui\ alent (direct titration) - *337 ; etpiivakiit 

(ijidirect titratioji) — 13n. ( \;TI .O-Br re([uires C -3U*3: H - dl: 
Br = 33-7 per cent. : M ■■ ^ 337]. 

The samt‘ laetom* is produei'd aloiu: with a eoiisiderahlc amount 
of oxalic add vlien a-bromoimicoiiic acid (l)elo\v) is oxidised dd: 
a detidt of cold alkaline pennangaiiat(\ 

On oxidation with excess of cold alkaline i)ermangaiiatc tb 
lactone pasj-(‘s (piaiititatively into oxalic add. 

Oxidation to Eruinoatatf i<' and Oxalic .Ird/s.— Idhyl mucuiuite 
dibromide or ethyl dibromodihydroxyadipate was treated in acetone 
solution at 50' with a 3 per cent, solution of peruianganate ir. 
aqueous aedrine until decoloration (.'(aiscd. The solution 
filtered and evaporated until most of the acetone had volatildd, 
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then acidified with hydrocliloiuc acid, fnrtlx^r evaporated, and 
extracted with ether. The residue which reinaincd when the' ether 
was evaporated was boiled with c(jricentratn(i h>TlrochIoric acid 
until alcohol ceased to be given olT, and the solution evaporated to 
dryness. Che crystalline residue, on fractional rccrvstallisation 
from a mixture of acetoiTr^ and chloroform, gave the above lactone, 
iironionialeic acid, and oxalic acid. 

't'hc bromoraaleic acid was idonliliefl by a'nalysi.s (hnnind : 
Br ^41-0 per cent.), by its melting point (12<S ’), and ]»y direct 
comparison and a mixed-melting-point deternunation with a 
specimen prepared from fumaric achl and bromine. 

The oxalic acid crystallised in the 'first jilaco in its hydrated 
form, m. p. 101 ^ (Found : C ^ 19-5; H ■-= 4'8 per cent.), and wa.s 
identified hy the usual tests. 

((‘) Action of Dilute and Conronlratcd Albdk on Elhi/l Muconatc 
Dibwmide. Formation of Muconic Acid, r-Bromomuconic 
Acid, ;^-iiramo-y-i' 2 ,yr//'o.r/y-Aa-d;^ 7 droa??mo»m Acid, h-Bromo- 
y^-dihifdroxjf-^a7}.oct(id iene-MldAmrarboridlc J cid, and y£- 
Dihijdrory- laSj]. octal ricn c-arted - tcfraca/ ho.ri/tic . I cid. 

2y-Aqueous sodium hydroxide gave hromomnconic aeid only. 
l-dA-Meth 3 d alcoholic potassium hydroxide yielded nmcmiic acid, 
the bromohydroxydihydromuconie acid, the oetadi(‘ne- and the 
octatrieiie-tetracarboxylic acids. OA-Methyl alcoholic potassium 
hydroxide gave raiicoiiie acid, the octadiene- and the oetatriene- 
tetraearboxylie aeid.s, and S-oA -methyl-alcoholic alkali gave muconic 
acid and the octatriene-telracarboxylic acid. 

y.-Bromomnconk Acid (XIII).— Tlie dilwomo-estcr (10 grams) 
(V) wa.s boiled with oO c.c. of ibV-aqueous sodium hydroxide for 
(ine liour, that is, ten minute.s longer than the time required for 
the whole of the oil to disappear. On acidifying with concentrated 
liydroohlorie acid, 3 grams of bromomiieoTric acid ervstallisod. A 
fiirtlnr 1 gram was obtained by extracting the mother-liquor with 
ether, the total yield amounting to about 07 per cent, of the 
tlieoretical. 

The acid separates in small prisms, m. p. IS.V, from liot water 
or from a mixture of acetone and benzene. It decolorises cold 
alkaliiK' permanganate instantly, but no separation of silver 
bromide lakes ])]aee on boiling with nitric acid and rtlvcr nitrate 
(bound: 0— 32*3 : H — 24 ; Ur - 3(>-S, (Vjf 5 f^ 4 f^r requires 
f r-- 32'd: II ; Hr -- 3(i-3 j)('r ceni,). 

The methyl ester was piaqiared by warming tltc aeid Avilh jdios- 
phoriis pentaehlui'ide (2-1 mok.) and mixing the product Avith 
an excess of r.ethyl alcohol. The solution having been boiled,- 
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cooled, and poured into ice -water, the crystalline precipitate 
obtained was ^vashcd, dried in ethereal solution with calciuti^ 
chloride, and crystallised from light petroleum, from which the 
pure ester separated in stout prisms, m. p. 56° {Found : Br 32-4. 
CgHgO^Br requires Br — 32*1 per cent.). 

The ester does not keep well ; a specimen which had been kept 
in a corked tube for two years became eon verted into a brown 
iiidia-rubber-like substance. 

^-BromO’y-hydrox]f-IS.c!.-dih\jdro}nuconic Aad (XIV)* — The di- 
bromO'Cster (10 grams) was boiled for one hour with MO c.c, of 
1*5AV inethyl alcoholic potassium hydroxide, the violet solution 
cooled and filtered, and the salts were decomposed witli diluto 
hydrocidoric acid. The precipitated acids were boiled with etliyl 
acetate, the soluble constituent consisting principally of (he 
bromohydroxv-acid, a further (quantity of which was o])taii]e(l hy 
oxtractiiig the acid-aq^ueous solution with (dher. After crystallis- 
atioji from water, the acid decomposed and melted at 195° wiiii 
previous sintering; repeated crystallisation did not aff(',ot the 
melting point (Found : C 3()-0 ; H 3-0 ; Br — 33-4. 
requires C 30T ; H = 3-0; Br — 33*5 per cent.). 

Mfihjl y-Chloro^hdnwm-^<^Aihijdrouiucon.ak. was obtained hv 
heating the above acid with phosidioriis pentachlondo (3 raois.) 
and decomposing the product with methyl alcohol. The product, 
after crystallisation from light petroleum, formed stout prism*;, 
m. p. 4^-43° (Found : C -- 2S'0 ; H = 2*4. CeHgO/’IBr requires 
C — 27-9; H 2*3 iier cent.). 

Miiconic Acid (I).— The portion of the above mixtures of acFls 
which was insoluble in ethyl acetate consisted principally of m (iconic 
acid. It was converted into its methyl ester, which was identified 
by its melting point (159°), by ana] 3 ’.sis (Found : C = 5G-3; H = u*'J 
per cent.), and by direct comparison with an authentic specimen. 

.Muconic acid was also obtained from the experiments described 
below, in which more coneentrated alkali was employed. 

()-Bromo-y^-dihydroxij~^^'^'OC(adie^\f-ah0-k(racarboxjjIic Acid (X^ ). 
^Thc alkaline alcoholic motlier-liquor obtained in the pre- 
paration of bromohydroxydihydriunuconic acid was saturated 
with carbon dioxide, filtered from the cai'bonato, and evaporated 
to dryness. On treating tlio residue with dilute lyvdrochloric acid, 
a preeipitath ^v■as obtained of which a considerafile proportion 
sparingly solu])lc in ethyl acetate. After recrystallisatiou from 
water, this melted at 239' \\itli deivunposition. 

Better yields of this acid are obtained when more concentrated 
alkali is tisod. Tl.e dibromide (llO grams) was added as iltiickl.'' 
•as possible to loO c.c. of boiling 6.V-methyl alcoholic potassi® 
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l,vdro.Nide. When the violence of the decon.position had abated 
the solution was boiled for fifteen minutes, cooled and filtered' 
The washed salts were dissolved in 12.1 c.c. of wite’r, and deeom' 
po.scd with 60 c.c. of concentrated hydrochloric acid. After keeping 
over-night, the precipitated aciil (4 grara.s) was collected and 
cry.stallised from water, by which means the octarlienetetra 
carboxylic acid (m. p. 239°) was separated from the small quantity 
of muconic acid accompanying it (l^'ound : 0 ^ 3 ( 3 - 3 ' H = 3-5 • 
Br ^ 20 ’ 2 . requires (j 30 -:] ; h: = 3 - 3 Br = 20-2 

per cent.). 

y^-Dih!/droxy-^‘^h-odatricne^ah€e4e^^^ 
substance is formed in tho liydrolysi.s of ethyl iriuconate di- 
lirmnide by l-5.V-niethyl aler^holic alkali, and it accompanies the 
ocladionctctracarboxylic acid (in. p. 230'^ in the separation of 
the products up to tho stage at whicli this acid is purified by boiling 
with ethyl acotato. Tho octatrienotetracarboxylic acid is soluble 
in this solvent, and it can bo rccovenxl by evaporating tho filtered 
solution and purified by repeatedly ory.stallising from water. 

To obtain this acid from the decomposition products formed by 
O.V-methyl alcoholic alkali the filtrate from the precipitated octa- 
dienetetracarboxylic acid was extracted with ether. The solid 
left on evaporating the ether was first drained on porous porcelain 
and then crystallised .several times from small amounts of water. 

The dibromo-ester (5 grams) was melted and poured into 25 
c.c. of a boiling solution of metliybalcoliolic ])ntassium hydroxide 
which had boon boiled in an open flask until the temperature had 
reached I30'k An ('xcessivoly violent reaction ensued. The boiling 
was continued for thirty minutes, and the .solution cooled, diluted 
with absolute ethyl alcohol, and filtered. The j)otassium salts were 
dissolved in the minimal amount of water and decomposed with 
strong hydrochloric acid. The precipitated acid, after several 
crystallisations from water, melted at ISO— 181'' (Found : C = 45 - 8 ; 
H — 3-6. C\ 2 ^ 12 ^'^io requires C — 4o-6; H — 3’8 per cent.). A 
small amount of muconic acid also was obtained. 

^\e desire to thank the Chemical Society for a grant which has 
defrayed much of the expense of this \^ork. 

I.UPKRI.CL COLLKCK OF SCIFNCF A\D TkCHNOMK; V, 

SoFTH Kfnsincton, S.W. 7. [RcvciirT 1922.] 
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CLWl—TM, Efject of an Electrolyte on Solntions of 
Pure Soap, Pkase-rule Equilibria in the 
Sodi u m La u rate- Sodium Chloride- W a ter. 

By James William WcBatn and Arthur John Burnett. 

It is a inattcv of. uoiiunon knowledge that addition of salt to soan 
solidiojis may cause salting out and that advantage is taken of 
this in tlie soap industry. It appears, liowevcr, to have oseapcd 
]iotice that four different types of salting out occur. The relation 
ships invoh'ed can he ex[)lained in terms of the pha.se rule, but 
they constitute a di.stinet type of cquilihriiim.* 

Merklen published in lOOG and 1907 an important investigation 
in ^\Iliell he prepared soaps on a semidechnical scale from a lar-^o 
number of common fats and oils and recorded the analysis at each 
stage of manufacture (■' Etudes .sur la Constitution dcs Savons dii 
Commerce^ ^larseilles, 1906. German edition by F. G old.se hniidi, 
Halle-a.8., 1907). However, Merklen regarded the salted-nut 
soaps merely as sorjdion compounds, showing that their composition 
dejjends on a large number of factor.s .such as temperature. 

When the pre.sent invest igatioji was undertaken the only pubiislicd 
account of lalmrator}' ex])eriments on any of the soap-boilin 2 
processes was the <lissertation of Richert (" ("her das Aussalzcn 
von Seifen," Karlsruhe, 1911). Richert's observations are of very 
great value, in spite of a curious incompleteness in the analytical 
data and his failure either to make ii.se of the phase rule or to dh- 
tinguish clearly between lupiid and solid forms of .soap. His snap> 
were made from i)ure fatty acid.s and mi.vture.s of pure acids, ami 
the olectrolyte.'i were added .singly and together, llis eondiisioii.N 
when further inlerju’eted in the light of the pre.sent results, are of 
great value for the discu.s.sion of soap-boiling processes. 

Throrjf, 

Special interest attaches to the validity of the phase rule fnr 
such a system a.s this, Xot only are all the solutions colloidal, but 
golatinisation is also ])roiuinent. The applicability of the pha.«p 
rule would appear to \>v a corollary of the fact, now carefully e.^tab- 
lished, that reversible erpiilihria occur in .soap solutions and 
that the.se equilibria d('tfTniin(‘ all tlu' colloidal as well as flic cry.dal- 
b)idal constituents present. Hence, a soaj) soItjtif)n. from the jKiint 

* For a somewhat fuller rliseus.^ion nl some of tliis work, rspecinlly it# 
technical a.spcr'ls, see " Fourth Colloid Report of the British Association kr 
the Advancement of Science," 1922, 
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of view Of the phase rule, may be regarded as a single phase when 
discussing Its cauilibria with other solutions or solfds in ;pi o of 
,ho presence of colloidal particles, even of several'different k Ls 
s,ap solutions, such as those of sodium laurale, to which sal I s 
I, ecu added may be treated as tliree-componont sy.stems iuvl , . 
water, sorhum lauratc, and sodium chloride. Of course, if hedri K i” 
is taken into account, and there is an actual separation and segre-' - 
tion of acid soap, four components would have to-be cousidetd 

The first and fundamental .step was to ascertain tliat two liouid 
layers can be formed, that ti.ey are in erpiilibrium with each other 
and exhibit a true critical tcm]XTature, above which they form 
one homogeneous liquid, \-ery extensive observations wer'; made 
in the critical examination of these points, and their ultimate 
(lemoiistration is undoubted. 

It was not easy to become rpute certain of this apparently simulc 
observation. Ihe upper .soap layer is in most ease.s so viscous that 
a complete, separation of the, phases is almost never fully effected 
Added to thi-s are the great tendency of the upper lai er tj gelatinise 
and the rather narrow range of temperature which must be observed 
to avoid either gclatinisation or curding. On the other hand the 
high viscosity makes it only too easy to obtain tivo liriuid liyers 
sejiarated by a perfect mirror-like surface whicli may persist for 
long periods, simulating a pair of immiscible liquids, although when 
thoroughly mixed they form one liomogeiieoiis liquid ^’ioleiit 
.diakuig IS apt to induce frothing, which may ,,ersist imlefinitolv' 

I he experiment must be carried out in sealed tidies entirely immerse'd 
111 thermostat. Jy-everthelcss, it was finally found possible’ to 
obtain pairs of liquids the beliavioiir of which above and below the 
critical point could be oliscrved as iiniuistakably as with any ordinary 
pair of partly miscible liquids. 

.Aliss Laing has shown, that the equilibria in sol and gel are 
tdeuficah Close scrutiny was therefore made as to whether the 
equilibria VA'crc affected \s licn one or other of the liquids wa.s allowed 
to gelatinise. It was found that gclatinisation had no effect either 
on the critical temperature or the relative volume of tlic two 
plia.ses. 


A further confirmation of our observations and interpretation 
the fact that on cooling to the critical temperature, supersatiiration 
^dth re.spect to the formation of a second liquid nev«r occurred. 
Ihi.s agrees with the well-known deduction from the kinetic theorv 
Jluat supersaturation witli rcsjH^ct to tlie formation of a- liquid is. 
b definition, impossifdc. This observation affords an invaluable 
fxpeiiinental method for deiimitijig boundaries of the systems in 
^micli formation * wo liquid layers is possible. 
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Mr. Langdon is carrjdng out in this laboratory a parallel investipa 
tion of solutions of sodium palmitate, and free use has Tiecessarilv 
been made of his data in interpreting and confirming these results 

General DescrijAion of the Systems Observed. 

Unless it is fairly dilute, below about 0-UV, an aqueous solution 
of pure sodium lauratc at room temperature forms a white, solid, 
looking curd consisting of a mass of curd fibres which are hydrated 
soap, the rest of the water being enmeshed in the mass of fibrcji 
On heating, the curd fibres progressively dissolve, the temperature 
at Avhich they finally disappear increasing with oonceiitration 
On cooling, the clear solution depo.sits hydrated soap 
which grow from nuclei in all parts of the liquid, gradually spreadinf' 
until the whole mass appears solid. Owing to unclerouolinf’’, the 
temperature at which the curd reappears is several degrees lower 
than that at which it dissolved, 

The general effect of adding ineroasing concentrations of electro- 
lyte to a soap solution is at first to increase the vLscosity of the 
solution, but after rea citing a certain point the viscosity falls oti 
again (King, J. Soc. Chem. hid., 1922, 41, 147t) until finally, with 
further addition of electrolyte, the li(p!i(l lieeonies cloudy and 
separates into two layers, the upjier containing most of the soap 
and the lower most of the electrolyte. 

For any one soap concentration the preseiiee of a small amoiml 
of sodium chloride was found to raise the temperature at which tin 
curd reappeared on cooling. The degree, of niidereooling i,s .similar 
to that in the absence of salt, Whem the ('hlorid(‘, eoncentraiion 
has reached a certain ]mint the solution hecome.s cloudy. Slight 
heating destroys the cloudiness, but cooling eausc's it to n^appear 
at the same temjieraturc. After .slight further cooling, the tube oa;; 
ho seen to contain globules of two liquid phases, w’hich gradually 
separate into layers the relative volumes of which depend on the 
temperature. The upper layer shrinks as the temperature falh, 
and ultimately white curd is formed in the upper layer, leaving tin 
lower layer as a clear brine containing scarcely any soap. 

The temperature of layer formation depends, for any one con- 
centration of soaj), on (he eoneeiit ration of chloride and rises rapidly 
w'ith increasing .salt concentration. For example, in A lO-sodiuin 
laurate, layers are formed at 02' wIk'h the concentration of chloride 
is 2dUV, and at ll.r when it is 2-7 UV. In many cases, the upper 
layer becomes a gel immediately on its formation. In all cases 
apparemtly, the n])per layer forms a gel before curd fibres appear, 
and, when the temperature of separation is low, the formation of 
'fibres often follows so soo.i that unless the temperature is kept 
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ecoistaotat the right point ther(3 is no separationhnto layers, alihougli 
the two phases may be seen as globules before solidiheation. If the 
total amount of salt present is still further increased at constant 
> inoratiire after two layers have been formed, a point will finally 
he reached where curd appears in the upper layer, ultimately leaving 
/lye containing only traces of soap. 

The Phase Pude Diagram. 

In all our experiments the pressure ajitl tempera t lire ucre chosen 
rbitrarily, thus disposing of tno of the degrees of freedom for this 
thrce*compoTient system all('n\ ed by tbc phase rule : C 2 P-\F. 

Hence, when one solid or li((uid phase was present, the concentra- 
tions of sodium chloride and laurato could be varied iudepeadcutiy, 
hilt if two solids or liquids ivere pritsent, variation in concentration 
of either eonstitiient in otu^ or both phases was dependent on the 
corresponding variation tlic oth(;r constituent. When three 
-lolid or liquid phases were present, the eornj)()sitiou of each was 
jixed this being the maximum nuniher of phases which ivould co- 
exist' in equilibrium at an arbitrarily chosen temperature. 

The diagram used is tliat due to Gibbs, namely, an equilateral 
triangle ot unit height, Hmice .systems of soap, salt, and water 
n-c represented by points within the triangle, for example, eqin- 
icolccuiar proportioas by the intersection of the perpendiculars 
from the corners. Here, ii^stead of using ojio gram-molccule of 
uater as the standard quantity, a kilogram of water lias been called 
the unit amount. Tills lias rh(' effeet of bringing the data well 
into the middle of the diagimn instead rif crowding them into one 
corner, as would otherwisi' have been the case. Tho relatne 
amounts of soap and chloride are thus repre.sented by the respective 
perpendiculars, and the central point of the diagram represents 
a s^m in w'hieli both of the.^e are (weight) normal with reference 
to water. To complete the diagram, much work still romams to 
he done, and owing to th(' difticulty of dealmg with very strong 
soap solutions in the presence of salt, the upper portion of the diagram 
will probablv take innoli time to plot. Ihe 
diagram give, by this rvork is vny similar to that mdicatcd by the 
work of ilr. Langdon on i^odiuin palmitate, 

Fig. I shows 'the tMv of equilibrium diagram resulting rom 
the pre-sent ivork. It rq,.-esimts the equilibria at one tempmteo, 
90’. and is oarefullv dravii to scale, altlicngh it unaaouUblj 
c.sprcsscs more detailed infoiiuation than that which has been 
(Ictliiitcly e.stablishcd bv the present pxperiniCTits. 

It will be noted *bat'tl.e greater part of the diagram represent., 
homogeneous soap sulutioiis of various eoneentiations o .oap p 
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to about \0Nis,, and various concentrations of salt up tr* 
2'O.Y,^. The equilibria within these homogeneous solutions forj^ 
the subject matter of other ooinmunications. The interest lipro 
lies in the existence of the fields K, F, and G> representing pab 
of liqiiid layers which ar{^ formed with slight further adflitJoji of 
salt. 

l<ia. 1. 

K'iuiUbna at one (nnpmilura (Hf)") in the epstcni vnilcr^aodiuw 
chlorldc~so(h tt ni la urate. 


Ma iaariilc 



p^^^Sah r variona (].irfh-<iir,l mr'l.' 
B— NVpf curd .-'ffunip ■! 

Q- -0 rained aouj) {'‘urd] on lur, 
D—Xcat soap {(iquid) l‘j> -,-rur‘ 


E — y<ul on />/<’, 

F — Xrut .'ioap on ni'ir*'. 

G — Xiijr on Inf. 

rutnndcd solution contuiidra 
//•ff/v v nj soap. 


In commercial soap bdiling most soaps of good quality are 
‘• fitfed" and •' settled " in tins course of iiianufactiire : that is 
the conccntivitimi of salt in tin* soaj) pan is very earefnliy adjusted 
so that luo lirpiid layers are f(»rmed. tlie n)iper om‘ of winch is the 
"Heat .soaj) " <-f eoninierct* and ('(uUnins alxait 7n per edit, d 
aniu'drous soap. The lower layer eoiitains 2(i to 4.) per ccut. ej 
soap and. on aecount of its darkcT eolour when iiqnid, it is tcrawl 
nic^re.'‘ This is an extremely useful empirical d(‘viee for freeing 
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the soap from excess water. This equilibrium comsponds with the 
field F in Fig. 1. 

It has been commonly assumed that tlic formation of tlio two 
^uul layers, “ neat soap ” and "'nigrcv’ is dependent on the 
presence of salts of the various fatty acids of dilfei'cnt dem-ees of 
solubility. The present work, and more es])ccially the "fiarallel 
,vork of Mr. Langdon on palniitatc, demonstrates for the i\U time 
that the formation of two liquid layers is in no way dependent on 
the presence of more than one soap. This fact finds important 
corroboration in the observation stated tentatively by Merkleii 
and noted also in tliis laboratory, that there .apjjcars to be little 
or no fractionation of the various .soaps prc'sent during “ fitting ” 
tlie molecular weight and iodine value of tlie fatty acids in neit 
.<;oap ” and “ nigre ” arc practically the same. 

Another pair of liquid layers, much too dilute ever to be observed 
in soap boiling, was discovered by Richert {loc. cit.) eorresponding 
with the field Q in Fig. 1, and in which the upper layer contains 
not more than O-oA'^ sodium laurate whilst the lower layer usuallv 
contains much less than 0’LY«,. Tha existence of such pairs of 
liquids is fully confirmed by the present work, and wo have not 
hesitated to designate the upper layer nigre, for reasons which 
are obvious from an inspection of the diagram. 

burtluT addition of salt to citlier of tliese pairs of liquids repre- 
sented ^by the heterogeiieous fields F and (J results in tl^e elimination 
of the nigre as the .system passes into the heterogeneous area E. 
vliere the liquid iieat soap rests on lye. ’ d'hc same result 
follows directly, if to a homtjgeneaus nigre ” containing O-oAT 
sodium laurate, further salt is added. 

The narrowness of the field F is very strikiiig, and compels 
admiration for the art of the soap-boiler who works withiji sueii 
clo.'^e limits. Tlie .surprising straightnes.s of the left-iiand boundary 
of this field i.s intimately linked vllh the remarkable consfanev 
of eoiicerdration of the ''' neat soap ’’ of industry. 

There is an iqijier limit to the amount of salt consistent witli tlie 
cxi.^teiicc of liquid neat soa{). Tlii.s is represented by the hetero- 
geneous field D, involving three pliases of constant conipositiou, 
in which the neat .soap ” is being replaced by curd. This field 
we have not yet aecnrately delimited, The same remark ajiiilies 
to a small field just above 1) indicating a seiics of^ solutions in 
contact with a series of curd fibres. 

Beyond tins, in field C, the soap is all ’'grained out " as curd 
floating on a " lye,'’ which, in the present case, is to (yXio 
'dth respect to salt and contains only traces of laurate. 

As soon as tlie “ lye " becomes saturated with salt, the composition 
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of the curd fibres becomes fixed for any definite temperature until by 
evaporation, the “lye/' free and enmeshed, has entirely disappeared 

We have spent many years in this laboratory in attempts to deter 
mine the course of the line representing the scries of possible bydratccl 
curd fibres, but our knowledge is still very mucii more inc(jinpi(-t,. 
than is indicated by the whole curve vdiieli it w«a8 necessary to pla(.-(. 
in the diagram. Anhydrous soap cannot (^xist in cojitact with any 
aqueous solution owing to imniediato hydration. Only a few jjoiuts 
have been determined witli precision (McBaiii and Taylor, T., igjg 
115 , 1300; McBain and Martin, T., 1921, 119 , 1369; McBaia 
and Salmon, ibid., p. 1374; Laing, ibid., p. 1GG9; and as 
nnpublislied work). 

There is an important difference to be noted between the form, 
ation of liquid layers in a system containing mixtures of soaps 
and their separation as curd. Whereas little or no fractionation 
occurs in the former case, tlie curd fibres may maintain their very 
great differences in solubility and hence separate out singly (Laiiig^ 

lOC: Cit.]. 

Experimental. 

The sodium laurate used was made from Kahlbaunrs acid, and 
was used in some cases in the form of solutions of known strengtli 
and also in tlie form of dry ]mwder. The solutions were made by 
shakiiig the free acid with the theoretical quantity of water and 
sodium hydroxide (see Bun bury and Martin, T., 1914, 105 , 417). 
The dry powder was prepared by dissolving sodium in dry alcobol 
(distilled after standing over lime) and neutralising with tlie fatty 
acid. Neutrality was obtaiiied.liy testing samples of several grams 
of tlie mixture with plienolplitlialein, and finally the alcohol was 
evaporated off. The purity of the soap thus obtained was cliccla'd 
by analysis of a sample of o to 10 grams. 

To obtain equilibrium, it being uece.^isary to avoid loss of water 
by evaporation, the experiments were caiTii'd out in seabed tiilus. 
The method of preparation was a.s follows : 

The soap, either in solution or as dry powder, was weiglicd in a 
glass tube 8 to 9 inches long and 1 inch in diameter, or slightly 
sealed at one end In the form of an ordinary test-tube. Water and 
sodium chloride were added as r(M[uire(l, weighing the tube eaeli 
time an addition was made, l-'rom the data thu.s obtained, the 
composition ‘of the system was easily calculated. In some cases it 
was found convenient to add .'^odium chloride and water in the form 
of saturated brine, the strength of which was known. When all 
the materials reipiired were in tlu; tube, the latter was sealed Iw 
the blowpipe. 
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After preparation of the experiment tlie first operation wns 
,0 heat and shake the tube until the contents became homogeneous 
For this purpose a water-bath was sometimes sufficient but at 
other times temperatures as higl, as IfiO" were used, maintained in 
, glycerol-hath. tven under such conditions some specimens 
remained quite unmixed, particularly when both soaii and chloride 
wore in fairly high concentrations. Tn these eases the attainment 


Diiail of analytical d(,ta m syste?nH of aqueous Hodium laurat. ;• 

chloride forming two hgiud layers. The. boundary of tht fudd^n ^ 
llyxiid at 80 ^ i/t shown by the. continuauH liui ^ ^ ^ homogeneous 



ecjUjlibnuin was so doiiljtfiil that no relianeo could be placed 
on the observations made, for aii])arently a hard layer of soap 

funned on the surface of th(? chloride and prevented its 
tlissolution. 

hen the svAsteni became homogeneous it formed a clear, trails- 
['rent liquid. In such cases the tube was immersed in a slowly 
'00 mg bath (a pyrex beaker of about 2 litres capacity was found 
■oiuenicnt), and its b(dm\ic)nr observed as the temperature fell; 
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thereafter observations were made with the temperature slow], 
rising. ‘ 

Most of the data of the present paper have been obtained tv 
observijig tlie critical temperature of separation of the liquid kvvr' 
ill systems made up specially to definite compositioas, and In- 
observing the temperature at which the last curd fibres ju.st 
into solution. 

Fig. 3. 

V-ppi r crilkxd tempemiures for the extsfenre. of two litiuld hri/ers in amio 
solutions containing sodium lauratv and chloride. 



Ffavtionul conn ittratio/( of sodium chlorld*'. 


Expcriincnhl Data. 

Ail normalities are weight normalities, that is, they refer to 
gram-molcculcs of salt or soap associated with 1 kilogram of vato'. 
Th(i fractional concentrations arc those wliich are used for ])lottiii2 
on the diagrams. 

Table 1 contains observations of the- ci'itical temperatures of 
separatism of liquid layers, ddiese data are also rcprcseiiteil 
graphically in Figs. 1 to 4. 

Table II contains observations of the final solution temperaturt' 
of soap curd.s to form one homogeneous liquid, Tlu'se data arf 
also represented graphically in Figs, 4 and o. 
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Fic. 4, 


jrffcci of imperaturc and concmiration of sodium chloride on flm sohMity of 
curd fibres of sodium laurate. 



Table I. 

Ilighc-sl kmin raiuns of formation of tu'o liquid hajers in mlutionu 
of sodium Janrafe and (’hloridc. 


iSodiiiju laiirato. 

Sodium cliloridc. 






Temp, of 


Fractional 


Fractional 

laycr 

Xormality. 

coiicn. 

Normality. 

COUCH, 

separation. 

:»-0 

( 1-4 000 

1-iiO 

0-4000 

7!F 


O-3y0H 

2-05 

U-4050 

04 


0-3S24 

2-23 

0-421)4 

100 


<1-3828 

2-22 

0-4258 

00 


0-3817 

2-24 

0-1275 

100 

]-(l 

0-2387 

2-10 

0-522(5 

77 


0-2252 

2-44 

()-54!l5 

110 


0'2344 

2-31 

0-5341 

00 


O-204(i 

2-05 

t)-5038 

12.5 

0'50 

0-128<) 

2-40 

u-Ol IS 

04 


0-1178 

2-77 

(1-0482 

100 

0-49S 

0-1105 

2-78 

(1-0400 

02-5 

(Hi) 

o-iok; 

2-545 

O-044!) 

(OO) 


0-0tl83 

2-08 

0-0500 

<87 

ii-ii) 

0-05S5 

2-22 

0-0402 

04 


0-0520 

2-50 

0-0S32 

97-0 

HO 

0-<>’03 

2-71 

0-7111 

115 


0 --88 

2-37 

0-GS30 

62 
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Fig.- 5, 


Effect of k mpeni/urc and concent rai ion of sodium, chloride on the, so}u}jii;i^ 
sodium laurafe in oqueoua solution, ''f 



Fractional cone, nf ration of ■'<odliim chJoridr. 


T.vble n. 


SohtbiUiff of sodium lauralc in aqueous .’solution of sodium chloridt ; 
tempi: ratu re ahoir mhieh the solution is homogeneous. 
Sodium laiirate. , Sodium chlorido. 


Xormality. 

Frnotionul 

COIlfii. 

Xcirmalily. 

Fnietional 

eoiK-n. 

Temp, of 
curd .solii. 

20 

0‘6i>()7 

0-0 

0-0 

45' 


O-uO.}!) 

0-534 

0-1511 

57 


O'o52') 

0-(i2 

0-1713 

5f> 


0'4982 

1-02 

0-252S 

69 


0--IT62 

1-02 

0-2858 

(i3-j 


0-4062 

1-92 

0-3906 

68 

I'b 

O-uOOO 

0-0 

0-0 

49 


0-4010 

0-49 

0-1968 

48 


0-278(1 

1-59 

0-4429 

60 


0-273-2 

1-66 

0-453.5 

65 


(l•20!);7 

1-71 

0-4 609 

62 



1-86 

0-4819 

63 


(1-2439 

2-10 

0-5121 

66 

0-20 

<1-1007 

0-0 

0-0 

31 


ri-()830 

1-21 

0-5021 

55 

,, 

0-0723 

1-56 

0-565U 

flif 

„ 

0-062 4 

2-05 

0-0302 

61 

O'lO 

0-0009 

0-1 1 

0-0 

3i 

„ 

0-032(i 

1-97 

0-6417 

(iO 

,, 

0-0314 

2-08 

0-6540 

61 


0 0304 

2-19 

0-6657 

62 
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an elkotrolvte on solutions of rURF SOAP 

Analyfiud Data. 

Tabic JII contains tlie results of cxponmenf. Jn .-i • i 
of two liquid layers were submitted to analysis, ' 

The tube Avas immersed in a thermostat at .l 

W.«.incd oqumbri™. The top of the t,.be tt“ 
,k U.bo x.ma.n.ng xn the thermostat, o\ .sample of thd lo.or aw 
aas dr^™ off xn a p.pe te. 11, e x.pper laj,,. if sx.llxcicxxtlv i p i" 
was withdrawn in a similar manner, bnt when vory'viscou • n ’ 
tinons the sample was obtained by siiddeiilv chiliinL^ the n 

removing the Ia 3 ^er in the form of enrri. " ^ ^ >e and 

For analysis a kxxowxx yohimo of .standax-d hydrochloric acid was 
added to the samples, and the fatty acid liberated bv gentle heaZ 
(the samples were weighed iix flasks before treatment) The bn 
arid was collected in a filtryxypapor, and the filtrate and washix,!, 
acre kept, eoxces.s of hydroehloric aeid being estimated bv means 
.darxdard alkalx. Tlxe fatty acid was washed through the filter 
„itl. hot alcohol and titrated with alcoholic sodinnx hvd,-oxil 
fixe amount of soap originally present being thus estimafed ‘xhe 
aquco, US liquid was then used for the gravnnetrie cstiniation'of the 
to al olilonde pre.seiit by precipitation witli silver nitrate, the silver 
rhionde bc.ig collected and weighed in a Oooch crucible When 
lioth soap and chloride in the sanqile were known, the water was 
found l»y difference. 

Taple in. 


(.’omii. of s 
T.;nr. Vt-n 
‘I 5 
0-7t 0-1 75S 

'I'OS 0-llS-l 

■■ O-TTriiJ 

^ ' MJO 0- 3 5128 

•• '''•201 0-(ir)29 

■■ O lfS O lKi.-, 

"'(L'l 0-OfiS3 


Anab/.<ie.s of pair.s of liquid kyrr.«. 


(■Tl'fr iTt-rq 


1 

2-17 

2-4G 


()•: 


2-22 0427)8 
2-59 

2-78 Ofj)9;i 
2G8 O'C-K’iO 


1 

2-71 

J-l’.l 

(iWK 

Iv92 


Lowor luvpr. 

■ N;,C1. 
I 


1 

0-03 0-nnSG 2-17 ()-7i>58 

0-01 fi.iK)20 4.10 O-SO-22 

Not tfiiilvifid 

O’OO 0-fJlT2 ■ 4'33 0-7986 

(K)122 2-fi9 O-72I0 

(ld)2 0-0031 2-93 0-7 06 

0-03 0-i)i)G7 2-84 l)-7347 


' Colman 1 - X(ir:n:Uitv. C'ulumn = Fractional concmit ration. 

Tlic analytical rc.siilfs of TaUe III are shown graphically in 
■Ig- y w-lnch IS ail onlargcmcnf of a portion of the triangular 
-lagram.^ The data .‘tuffice to determine with some accuracy the 
-OMijiosition uf tlio ” lyes “ mid tiie direction of the tic lines; the 
composition of Hie iipiim’ layers could not, however, be 
‘‘terminod by such small-scale ex])eriineiits owing to the*vcry great 
'i-'COsity of ‘‘neat soaji.'* Even tlie composition of the “ nigre ” 
upper layer cannot easily he determined with accuracy, probably 
to the high tcmjieratm'c-coefficieMt involved. The slope 
41^ indicate,^ that the weight normality of sodium 

1 oride in “ neat s.utp - is about one-lliird of that in the lower layer. 
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•liijhience. of Tem'imalurc., 

The temperaJture coeflicients for the condition of existence, of 
two ]if[uid layers are indicated in Fig. 3 as well as Fig. 4 . p 
be seen that as the temperature falls, solutions which have 
liomogeneous may separate into two liquid layers, and on furthcj. 
cooling, if ciird does not appear, the nigro ” layer is eliniinat(,r| 
leaving neat spap '' on lye.” 

The effect of tem])eratiire on the solubility of soap curd is extrcniclv 
great, as is evident from an inspection of Figs. 4 and 5. On th- 
other hand, addition of sodium chloride very greatly diminidic, 
the solubility of sciap curej. The regular manner in wliich thhb 
effected is indicated very clearly by tlic diagrams. In Fig. ttb- 
broken lines represent the maximum concentrations of soap amf 
salt at each temperature for which the solution can remain honvi- 
geneous without separation of curd. Each of these broken liiK-, 
represents a series of solutions which may be in cfiuilibrimn withiu 
respective curd, as indicated in the upper corner of the diagram. 
Here, as in Fig. 1, the tie lines are not drawn in full, but are merelv 
iiidieated to avoid confusion. For any one temperature aioifist 
the whole of the diagram al)ove, and to tlie right of, one of tlirsi; 
Iwoken line.s consists of a heterogeneous mixture of curd H tires au-1 
soap solution containing .salt at various concent rations up to satiir- 
ation with sodium chloride. The extreme riglit and upper right-liaiKl 
])ortio]is of the diagram npresent mixtun's of various eurcl lilirc. 
mill solid sodium chloride with and without the presence of saturated 
arpioous sodium chloride containing only minute traces of .^oap. 

It is evident that at sufficiently high tcmj)eratur(\s (if decunijHjii- 
tion is prevented) all soap s\>t{'ms can he brouglit into the fora 
of one homogeneous liipiid. If tlu' (’oticentration of sodium ohlnride 
is above LhV^., tlicix' will 1)C a temperature on eoolitig to which luu 
licpiid layers arc formed. But if the concentration of snaii. ajicl 
particularly of salt, is high enough, eiird will separate out at tie 
exjumse of tlie iip])er layer, so that, on cooling, this will eoinpletdy 
di:-appcar, leaving ultimat^'Iy curd liiu’os cnme^ilied in •‘lye." 

Sum mar I/. 

], .\ colloidal solution in which true reversible equilibria siiluk 
behaves a.-i a single phase towards external eipiilihria, and th 
phase rule is directly aj)|)liealilc. This is in contrast to the coiisider 
alioii of equilibria within the colloiflal solid ion wlicre a modilH 
form of the jihase rule with at least one more d(‘gree ot freotbiiJ 
must be employed and wlieia; the colloidal solution itself must k 
recognised as consisting of several phases, 
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1 Gelatinisaliou of one or both of the liqui.l.soap layers does not 
affect the equilibria ob.served. .Supersateration with respect to 
the formation of a liquH] soap iaycT was never oliserved. ' 

3 . There arc three types of lifpiid laja^s am,’ pair of whieli nnv 
i,e in equilibrium under .suitable, conditions. I'lie.sc tbree linnid • 
,f,rrespond with that concentrated liipiid known to tbp soap boiler 
as '-neat or ^fitted ‘^^^p ; to the liquid of inoderate eoneentra- 

lion known a.s * nigro and to that contaiiiincr-veiy little soap 
known as lye.” The eoncentratioiis in these thive layers are • 
for sodium laurate, O-o and O-OIA;,; foi> sodium 

C'liloricle, 1 *^'0 and il’o— respectivelv 

4. Addition of salt to solutions of s'odium laurate mluees the 
soluhility of the soap in a regular maniKa’ liiglily depeudent on 
teiiip('rature and concentralion. 

5. Addition of cxce.ss of sodium chloride at leiiiperatures where 
two liquid layers have Ijeeii formed ultimat(4y results in the form- 
ation of curd float iug on a lye containing only minute, traces of laurate. 

G. Portions of the equilibrium diagrain for the system sodium 
Iai!rate-,sodium ehloride-water liave been mapped out. 


We desire to thank the Jtesoarch Fund of the Fliemieal .Sociciy 
and the Colston Research Hneiety of the Uiiiv(‘i-si(y of Bristol for 
grant.s which havi; enabk'd this work fo be eari'ied oiit. 

Dl'irARTWEXT oe Puv.su-AL Clli-.MIS'J'KV, 

Urls-iol Univkr,kitv. llicdcnl Ma;/ 4//,, 


CLVTTT . — The Con-slihihon and Roialori/ Powers of 
Jllannitol and Friicfose Conijdexe''^ Formed in 
fdohiiions Conlaininij Boric Acid and Sod him 
Hydroxide. 

By (iKORGE BaIWNEVKLJ) GlUIOUIl. 

^ tKY little is known about the constitution of the complexes 
formed by the oombinatidii of ])oh']iydric alcohols and sugars with 
Ijorie acid or borax. AUinnitoborie acid, for instance, is held to 
be produced by the eondensatiun of two hydroxyl groups of one 
uiannitol molecule with one molecule of boric acid, forming a ring 
eontaiuing two atoms of oxygen. Whether the reacting hydroxyl 
pjups arc adjacent or not is a question that has yet to bo satis- 
factorily setticxi Bdes(dnm has stated (Per. tmv. chim., 191o, 34, 
bb) that siielj .lunpouitds have the common cyclic group 
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C-(X 

^,q>B‘ 01{. This iiii lilies tTat the condensation is 

about with th6 eliuhnation of two molecules of water. Maiuito 
boric acid has been isolated by Fox and Gauge (T,, 1011, 99 ^ 
These workers state that it is derived from one molecule of 
and one of boric acid by the loss of one molecule of water, and 
for Its empirical formula, C^jIlj^OgB, It is therefore neewsary Uj 
amend the structural formula so that it will bo in harmojiy widj 
the latter, and the suggestion is made that this can he clone V 
assuming that the boron atom in such complexes acts as a ]jciita(j 
According to the new theory of valcmce advanced by Lanf^nmj,. 
{J. Amer. Chetn. Soc., 191'0, 41, 808) boron should lie capubli- (,f 
acting either as a triad or a pentad. A compound in which l)o:(,ii 
was apparently (luimiucvalent was prepared in 1880 by Michaeiis 
and Becker {Bcr., 1880, 13, 58). It is suggested that wheu Ijurie 
acid condenses to produce mannitoboiic acid or other polyhydrie 
coin})lex, a rearrangement takes place in the boric acid inoluiitf 
as sliowa by the equation : 

H 

06H,A<oh + = C,H,A<o>«0'OH + H.O. 

H 


To the acid group in the complex is given the same structure aj 
to the carboxyl group in organic acids, and indeed this spcms 
justifiable, because Ageno and Valla {GazzAta, 1913, 43, ii, 163; 
found the dissociation constant of munnitoboric acid to be of th 
same order of magnitude as those of monobasic organic acids, 
The tendency of mannitoho-rie acid and similar compounds K 
form further complexes is in all pruiuibilih' due to the oxygen ia 
the ring becoming (juadrivalem; and forming oxonium derivative?, 
For instance, it might form h}drate.s or aleoholatcs similar It 
glucose hydrate or, on the otlier hand, combine with acids aftu 
the manner of dimethylpyrono. A series of complexes of the typ 
trimannitol-sodium meta borate, XaBO^dK.qjlI^^OgjolGO, has hm 
prepared by Gruri and Mossoiwilscli {Mouaish., 191(1, 37, 
Structural foimulte for these .substances based on quinquevaleii! 
boron and quadiivalenl oxygen agrt'c x\ illi their empirical formuh 
Trimannitoi-sodium metaborate is thus represented as a dialcoholim 
of sodium mannitoborute (J). 


CcHi^O, Ull^ 

(I.) C,iH,A<n>B0'0-'''“ 

H 

c,h, 30 , oh 


H.BUo 11 

H 

'■’cHi204<[:|>bo-oh III.) 
H 

HJiO, H 
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I’rom conductivity moasurcrnonts Magnanini IZ nhMhI 

,S30, 6, 5S) concluded tlut he 

,„„ta.mng three molecules of boric acid and one of anannitol S 
,„ight be roiaresented on the same hypothesis a., a dil, orate of 
inaiiiutoboric acid (II). I\o oom|)ound of this nature has vet been 
Polatcd but this might be duo to the ease with 
is iiydrolysed. - ^ 

Evidence in support of the formation of such complexe., in 
solution was obtained by studying the changes in the oplical 
rotation of solutions under favourable conditions 
For rotation determinations mannitol and f,nctosc were chosen 
because, not only were tliey typical members of tiie simar and 
sugar.alcohol group.s, but also because they reacted with boric 
acid m a very hkc manner, forming comple.xes of appro.ximatelv 
thesuiue stability (Oilniour, Analyst, U121, 46 3) 

Boric acid and borax produce 'a positiie rotation in mannitol 
solutions, whilst m fructose solutions they bring about a reduced 
negative reading. In both ca,ses borax ha.s a much meatcr eflect 
than boric acid (see Vignon, Ann. Chim. Vltys., 1874° [v] 2 433- 

Pdiubach and Weber, X. physikal. Chm., 1!)0.5,’51 473- winder’ 
Biochan. Z.,im, 30, Ski). ,vvenuer, 

In this communication, the rotation measurements were made 
with the view of show ing the effect of tile reagents on mamiitoboric 
acid and fructoboric acid or their salts rattier than on the alcohol 
and sugar. 


The changes in rotation of mannitoljoric acid and fructoboric 
iieid on the addition of increasing amounts of sodium hydroxide, 
until in each case the equivalent of acid had been added, are shonii 
in Tables I and II. The rate of increase in rotation of the solutions 
in Table I is roughly proportional to tlie sodium hydroxide added, 
until about onedlnrd of the (‘fpii valent is present. From this 
point until the remainder has been added the rate of increase is 
proportional to the alkali, hut i.s greater than the rate during the 
earlier .stage. The addition of alkali in excess of the equivalent is 
diractically without effect on tJie rotation, or, in other \^■ords, the 
rotation of sodium mannitoborate is \cry little influenced by the 
.addition of sodium hydroxide. The rate of decrease in rotation 
I of the solutions in Table 11 is j) report ional to ihe sodium hydroxide 
I added until about one -third of the equivalent is present. After 
tliis it falls off with each addition. If more alkali than*thc equiva- 
lent is added, a slight precipitate is formed and an increased rotation 
poduced. The conclusion drawn from these rotation observations 
that in solutions of acids like mannitoboric acid the molecules 
au' associated in groups of Ihree, having probably the oxonium 
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structure refoiTed to above. The change that takes place aft^f 
about one-third of Iho equivalent of sodium hydroxide has been 
added is possibly due to iho breaking up of the complex molceukii 
111 Table III arc given the rotation changes in solutions con. 
taining two molecular proportions of mannitol to one of mannito. 
boric acid during neutralisation with sodium hydroxide. Table IV 
shows the corresponding changes for solutions of fructose ami 
fructoboric acid.- From the first addition of sodium iiydruxidc 
until the e(iuivalent is ]ri'esent the rate of change in rotation ia 
both cases is approximately proportional to tin? amount added 
As in the 'iirev ions, series of observations, alkali in excess of lli(> 
e(][uivalont has very littlc^ effect on the rotation of the sodium 
mannitoborate complex, and produces a slight precipitate in t!i(. 
sodium fruetoborate solution with a rise in rotation. When tlm 
equivalent of sodium hydroxide is present, the solutions most 
likely contain trimannl I ol -sodium metaborate and trifructoso- 
sodium inelaborate. It can be inf(UTcd from the regularity m 
the rates of change in rotation in tables 1 1 f and IV that the com- 
plexes are formed either before the sodium hydro.xide is added or 
concurreiitK' with its addition, it is much more likely that tluy 
form before the addition of the alkali. Views expres.sed on tlih 
point in a ]u-evious paper can no longer be upheld (CJilmotir, loc.dt.y 
The effect of boric acid and sodium metaborate (equi molecular 
projiortions of boric acid and sodium hydi'oxide) on the rotation 
of sodium mannitoborate and sodium fruetoborate A\as studied 
with the results given in tables V and VI. The addition of boric 
acid lowers the rotation of sodium mannitolrorato and raisc's tliat 
of sodium fruetoborate, whilsFthe opposite (“ffeet is olitained uitli 
sodium metaborate. As well as lowering the rotation of sodium 
fruetoborate the addition of sodium inelaborate also produces a 
sli<dit precipitate. On the two occasions mentioned above, vlioi 
pre(apitat(‘s were obtained in sodium fruetoborate solutions, the 
rotations were at tlic' same time increased, 'riuis a precipitate 
can be obtained either with an increase or a decrease in rotation. 

It is interesting that whilst sodium hydroxide has little cifoi 
on the rotation of sodium mannitoborate, and Intric acid reduce 
it, the eombiiiation of both as sodium metalrorate .shoulil caUbCiiii 
increase in the rotation to the extent shown. The increase is mst 
pronounced during the addition of one molecular proportion d 
sodium metaborate to one of sodium mannitoborate. A possik^ 
explanation might be that the sodium metaborate condense.s tvitli 
a second pair of hydroxyl groujis in the mannitol portion of tlie 
molecule. I'he reaction of sodium metaborate with sodimii fnu^e 
borate is iiK're complicated. In this ease the change in lot^hwi' 
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is possibly the resultant of two reactions, the first being that which 
produces the slight precipitates \\'ith increased' rotations (Tables 1 1 
,,„d IV’) and the second the condensation of sodium metaborate 
a second pair of hydroxyl groups of the fructose portion of 
the tuolecule : the latter would probably cause a etjusiderabte fall 
in rotation. It is hoped to investigate the nature of these 

precipitates. 

Various figures are given in the literature for tlie rotation of 
mannitol in borax. Vignon {loc. cil.) gives |a]„ If 22-.-)’. Fiselier 
{Her., 1800, 23 . 385) obtained a higlier value, ] '/.]„ f- 2S'3f by usino 
.1 larger proportion of t)orax. The lowf‘,st reading for fmcto.se in 
borax solution, fa]„ — 40-10^, is gi\ep l]y Kimbaeh and Weber 
{loc. cil). 

As borax in solution hydrolyses into boric acid and sodium 
hydroxide, the initial reaction of mannitol or fructose would be 
to form sodium maniiitoborate or sodium fructo borate, d’hese are 
the nuclei of any further complexes that form or might form by 
increasing the concentration of the borax. AVhen mannitol and 
borax arc present in ei^ual molecular proportions, all the mannitol 
will be converted into sodium mannitoborate, and the proportions 
of boric acid and sodium hydroxide (shown as sodium mclalmrate) 
remaining arc given by the equations below : 

4- 2NaOH 4- 4HoB()3. 

CfiHijOfi -f 2NaOH 4 4II3BO3 =. C^jH^^O^BXa 4- XnW., ^ 

2H3BO; + 3H,0. 

Any further addition of borax will increase the sodium meta- 
borate and boric acid by an eqival number of molecules. The 
rotation, therefore, of .such solutions will be the rotation of sodium 
inaimitoborate under the inllucnee of sodium metaborate and boric 
acid, and, as shown in Table \\ the former tends to increase the 
rotation at a greater rate than tlie latter to decrease it. The efFeid. 
of both together seems to be the added effect of each separately. 
Tor instance, the \ailues for the specific rotation of mannitol in 
borax as found by \'igiion and Fischer are ai)proximateIy the same 
as those calculated from the strengths of the solutions employed 
and the results in Table Y. 

By eliminating the boric acid factor a greater rotation has been 
obtained for mannitol than that hitherto produced by borax 
alone. * 

The rotation of mannitol in the form of sodium mannitoborate 
was found to be [aj^ 22-14 The maximum rotation of mannitol 
obtained in sodium metaborate solution was [aj^ -f 37 -(I". Fructose 
in the form of sodium fructoboi-ale gave the value [xjp— 3r>‘2". 

^ OL. exxj. 3 A 
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Concentration seems to affect the rotation of sodium uiamu^Q. 
borate and sodium ffuctoborate v('ry little. 

Experimental. 

The mannitol and fructose used in the rotation determinations 
had previously been purified by crystallisation from wator and 
alcohol respectively, The specific rotation of the mannitol \\\{^ 
- 0-22" and of the fructose - 89'0°, The value for fructo.He 
rather low, but as the determination was made at the concontmtion 
used in Tables II and IV, this would partly account for the lo^y 
figure. 

The polarimcter employed was a iSchmidt and Haensch triply, 
field instrument, and tlie temperature of the solutions wa.s h;]){ 
near 20"' as possible. 

The necessary amounts of alkali were added in the form of IV. 
or /2-sodium hydroxide. For each rotation measurenienl a 
fresh solution was made up. The reactions of the solutions ty 
phenolphthalein were noted. The specific rotations given in the 
tables are calculated for mannitol and fructose. 

Table I. 

(■hanges in the rotation of solutions of mannitoboric acid (equi. 
molecular proportions of mannitol and boric acid) on the addition 
of increasing quantities of sodium hydroxide. Each solution 
contained I’dSil grains of boric acid and 4 j giams of mannitoj, 
and after the addition of the sodium liydroxide was made up to 
r>o c.c. 


Expt. 

1 

Grains 
of NaOH. 

K(jtuti(jn, 

[«L. 

Reaction to 
jihenoljOitlialciii. 

Nil 

U-(i2^ 

■i 3Al^ 

.Acid 


0-ui; 

0'74 

4't) 


3 

U-12 

O'S.'j 

4 '72 


■t 

0’18 

P()2 

r>'G7 


5 

U'2-1 

Pl;l 

(i-3!l 


(i 

0•33 

1'40 

7‘77 




IAS 

S-22 


H 

UiiO 

2-43 

1.3 '.70 


0 

o-UU 

3-US 

22'] t 

Alkaline 

10 

1-20 

4'ia 

22 '7 7 

» 


The average rate of increase* in rotation ])t*r 0-00 gram of sodium 
hydroxide is' O' 1 4° in experiments 2—7, and 0'24"' in experiment. 
7 _ 9 . The equivalent of alkali is present in experiment 9. 

Table 11. 

Change.s in the rotation of solutions of fructoboric acid (eqm- 
molecular pro port ion,s of fructose and boric acid) on tlie addition 
of increasing quant it ie.s of sodium hydroxide. 
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Each solution contained O MCS gram „f boric acid and ‘> 0053 
■ams of fructose and after the addition of the sodium hyd^'xide 
riadc UD to 50 c.c. . 


grams . _ 

was made up to 50 c.c, 

Oram of 
Ex'pt. NaOH. 

1 Nil 

2 0 03 

3 0-00 

4 0 09 

.5 0'16r> 

0 0*18 

7 0-24 

8 0-30 

0 0-30 

10 0-495 

11 U-GO 


Rotation. 

[«]d. 

He«ction to 

phenolphthalcin 

— 7'79“ 

7-18 

- 87-7G" 
80'GG 

Add 

G-70 

75‘2T 


G‘17 

C9-31 


4-92 

55‘27 


4'Gl 

51-79 


4-04 

45-38 


3-59 

40-33 

, 

3-37 

3-14 

3-K9 

3*7-80 

3.5-27 

43-70 

Neutral 

Alkaline 


The average rale of decrease in rotation in experiments 2-7 is 
0-55° per O Oii gram of sodium hydroxide. After thi.s it falls with 
each addition, reaelnng a minimum in experiment 10, wlien the 
equivalent is present. A slight precipitate fonm‘d in expei-iruent 1 1 


Table HI. 

Changes in the rotation of solutions containing two molecular 
proportions of mannitol to one of mannitoborie acid on the addition 
of increasing quantities of sodium hydroxide. 

The solutions in each case contained O'oll gram of boric acid 
and 4-5 grams of mannitol, and after the addition of the .sodium 
hydroxide were made up to 50 c.c. 


Expt. 

1 

2 

3 

4 


Gram of 
NaOH. 
Nil 
012 
0-20 
0-24 
0-33 
0-42 


Rotatioit. 


Reaction to 
plienolphthaleiu. 

- 0-20" 

~ i-ip 

Acid 

0-47 

0-73 

0- 84 

1- ll 

2-61 

4 '05 

4- 69 
6-16 

Neutral 

1-15 

6 -39 

Alkaline- 

increase in 

rotation 

in experiments 1 — j 


of alkali is pi’esent in experiment 5. 


Table IV. 

Changes in the rotation of .solutions containing two molecular 
proportions of fructose to one of fruetoborie acid on the addition 
of increasing quantities of sodium hydroxide. 

The solutions contained 0'2555 gram of boric acid and 2 '2253 
grams of fructose, and after the addition of the sodium hydroxide 
\''ere made up to 50 c.c. 


3a2 
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(Tram of 
NaOH. 

Rotation. 

[i]d- 

Reaction to 
phonolphthalein. 

m 

- 7-B2" 

- 87 '85° 

Acid 

0-06 

0-74 

7o‘72 


0-00 

O' 20 

GO' 05 

,, 

U’12 

5'72 

04*20 


O'ltio 

r>’0() 

50*85 

NeuUul 

()21 

0-07 

08*19 

Alkaline 


The average rate of decrease in rotation in experiments 1—5 
0*50'' per 0'03 gram of sodium hydroxide. One molecular pro- 
portion of alkali is present in experiment 5. A slight precipitate 
formed in experiment 6 . 

Jable V. 

Changes in tlie rotation of solutions of sodium raannitoborale on 
the addition of boric acid (expts. 1—4) and of sodium metahorate, 
that is, cq[uimolecular proportions of boric acid and sodium 
hydroxide (expts. 5 — 9). 

The solutions in experiments 1—7 were made up to 50 c.c. and 


in e 

xperiments 

8 and 

9 to 

100 C.C. 






Mol. of 

Mols. 

Itols. 

Grums 

Grams 

Grams 

Bota- 


Bi'iiL'tioii [ii 



of 

of 

of maim 

of 

of 


I-itieiiot- 

Eipt. 

1 

itol. 

HjBOj 

Xuon. 

itol. 

Fa BO,. 

XaOF. 

tlUll. 


pljtLaleiii, 

1 

1 

1 

1*5 

U-511 

0*33 

1*33" 

- 22*17° 

Alkaline 

2 



1*022 


1*30 

21*07 

Nouiral 

3 


3 



1*533 


1*17 

19*50 

Acid 

4 


4 



2*044 


1*05 

17*50 

„ 

5 



2 


1*022 

0*00 

l*Sa 

30*83 

-Alkaline 

G 


3 

3 


1*533 

O'OO 

2-03 

33*83 




4 

1 


2*044 

1*32 

2*12 

35*33 


<; 

” 

0 

0 


3*000 

1*98 

1*11 

37*00 


9 


8 

8 


4*(IS8 

2*04 

1*13 

37*00 







Table 

VI. 




Changes 

in the rotation 

of solutions of 

sodium fructoborate on 


the addition of boric acid (expts, 1—4) and of sodium ineta borate 


(expts. 5— 

7). 

The 

solutions wer 

^ made 

up to 50 

C.C. 


Mol. 

of 

Eipt. fnictiKse. 

Jois. 

of 

J 3 BO, 

Mo!s. 

of 

Xu(.)F. 

Grams G rams 
of of 

friKtose, H3BO3. 

Grams 

of 

NaOll. 

linta- 

lioii. 

[»].- 

Keactioii to 
pllljllul- 
phlbali-iu. 

1 1 

1 

1 

1-4830 0*511 

0*33 - 

2 *G 2 ' “ 

34 04° 

Alkaline 



1'022 


2*117 

34*88 

.Acid 

*{ 

5 


1-533 


2*20 

37*07 


'• »( 

4 

4 


2*044 


2*34 

39*43 

Alkaline 


2 

2 

1*022 

0*00 

1*54 

25*95 

0 

3 

3 

,. 1*533 

u*9il 

1*35 

22*75 


7 M 


4 

„ 2*044 

1*32 

1*17 

19* 71 


Precipitates 

forme 

d in exjierimcnts 5, 

(), and 7. 



Maypoi.k 

Re.s 

KA HCH 

Laboratob.y, 
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Variation of Refractive Index and DensiUj 
of Benzene with Temperature. 

By William Bayley Parker and Gartiia Thompson. 

Some months ago the authors required inf urination as to the 
variation of the refractive index of benzene h'ith temperature, 
but as very few data on the sidiject could bo found it was decided 
to carry out a series of determinations at temperatures between 10"^ 

and 70". i 

The benzene, purchased as being the purest oldainablc (guaran- 
teed fTce from thiophen), M'as twice distilled over sodium to remove 
any possible trace of water, and it was noted that tlio boiling point 
^vas normal. 

\ Pulfrich refractomeier, constructed and recently calibrated 
bv Messrs. Adam Hilger, Ltd., was used. Temperature control 
fas maintained by allowing a stream of water to flow through the 
jackets enclosing the prism and cell and through the tubular 
beater; the temperature of the outflowing water was determined 
bv a mercury thermometer in the heater.* There was no difficulty 
in^ maintaining the circulating water constant in temperature. It 
was often found necessary to take readings over a period of ten 
minutes or longer before a constant reading of the emergent ray 
could be obtained. A sodium flame Mas used as illumiiiant through- 
out. Tm'O series of determinations of tlie refractive index were 
made, at an interval of se^'eral M'ceks (see Table I). 

From the values of the refractive index, the temperature co- 
efficients (that is, the change in refractive index per degree centi- 
grade) were calculated. The density of benzene (referred to water 
at 4") was determined with a calibrated silica bottle at various 

temperatures. . 

From the tables it will be seen that the temperaturo coefficient 
of the r-fraetive index is not constant, but increases slightly but 
continuously Math the temperature. 

The values of four expressions for the specific refraction Avere 

oalonlatrd. The c-xprossion (Unentz and W.) in- 


* If lia^ I.WU su!;qe..i.'tl to fliaf (bo tompomtuio vonivoi in tbo Palfncli 
.vfrfU.tanu.tor is irmn-rlovt. osiwriully ui higlun U..u(K.|.a(i.ro. and that Ihoro 
i.s a difforciK-o iiotwoou tho nnd to.nporiUuvo of dio liquid under t^mmnal.on 
and tho reading of tlio llu.rmo.notcr in tho cireulatirig water. AAo do not, 
however, believe that tlie results submitted in this paper are sii j<.L‘ o any 
ferious correction on this ground. 
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?l — 1 

creases slightly with ' temperature, ' whilst — ^ (Gladstone and 

Dale) gradually* decreasoa. The formula due to Eykman 

— J', • gives far more constant results. Calculations iKnv, 

71 + 0-4 a ^ 

variations of these formiilse have been made, and it has been found 

— 1-15 1 

that the expression - [ 1 ' somewhat better results 

than Eykman's formula. The results calculated according to the 
last expression are recorded in the last culunin of Table III. 


Table I. 


Variatioji of Refractive Index and Temperalurc Coefficient mik 
Temperature, 



1st. Series of Determinations. 

2nd Series of l>et(Tminalioii,s. 



Mean value 




Temperature 

for temp. 


Temppraturc 

Temp. 

n. coeUlcient. 

coeftieient. 

Totnp. 

0. eocHicient, 

10" 

1-506702 

= 0-000508 




10- 5 

11- 0 

1-506538 li'-’ 
1-506051 *11 

= 0'000741 




12-(:) 

1 -500543 





14-4 

14-8 

1-503819 
1-503727 - 

, =0-000670 

0-000636 



16-8 

1-502328 





20'0 

1-500307 

__ 0-000663 


20-0" 

1 -500096 

25-0 

1-496991 

-O'OOOoOT 



a'^:=0-00rifil(i 

31-0 

!■ 193408 


31 0 

1-493384 ■’ 

3 10 

1-493408 

-.O-OOOOOit 


31-0 

1-493384 

35-0 

40-0 

1-490732 
1-487573 ®4;, 

= 0-000632 

0'000659 


“4 ; — O'OOOGjI 

42-6 

1-485641 <! 

= 0-000676 




43-0 

1 -485545 



43-0 

1-485570 

4.3-0 

1-485545 

= 0’OOOG63 


430 

!• 485570 

50-0 

1-480905 

= 0-000654 

0-000666 


n^;t = 0'OOOCG3 

55-0 

60-0 

1-477637 -X 
1-474218 

= 0'000683 


60-0 

1-474293 

oo-o 

65-0 

1-474218 

1-470952 

= 0-000653 
-0 000705 

0-000679 

60-0 

1-474293 

70-0 

1-467427 


70-0 

1-467552 


T.able 11. 


Variation of DeniiUy 


Tomperaturo, J.)rnsity. Teinpcrati 
10’ U-8878 31'0" 

15v) 0-S824 ;}.r0 

20-0 O' ST 76 40-0 

23 0 ()'874l 43-0 

26-0 0'8715 45-0 


ivith Trnipcrature. 


Density. 

T(*in]KTuture. 

Density. 

0-8659 

50-0" 

O-gloli 

0-8612 

55-0 

0-8403 

0-8559 

GO'O 

0-83oS 

0-8533 

05-0 

0-8292 

0-8503 

700 

0-8237 
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Table III. 

('dJcu'^lion of the Specific Rejraciion at Various Temperatures. 

Refractive SpeciBc refract ion. 


inflex. Lorentz Gladstone 

ileanvaliio and Lorens, and Dale. 1-lyknian.^ 


Temp- 

of the 
two series. 

Density. 

- 1 1 

+ 2' d' 

n - 1 

d ‘ 

_ 1 I* 
n 'T- 0-4 ■ d ' 

M5 
>r 7r‘ 

30^ 

3t 

IT 

1 ',500201 

0'8776 

0-33.53 

0-5701 

0-74h9 

0-38.58 

1-493396 

O' 8659 

0-3358 

0-5701 

0-7502 

0-3S61 

1-485557 

0-8533 

O' 3362 

0-5698 

O' 7502 

0-3863 

1)0 

:o 

1'474256 

0-8358 

0-3363 

0-567o 

U-T491 

0-3858 

1-4CT489 

0'8237 

0-3373 

0-5675 

«-7496 

0-3858 


In conclusion, tho authors desire to express their thanks to tho 
pirectors of The British Thonison-TToiistoii Company, Limited, 
for permission to publish the results. 

ClIEMIC.iL DnTABTMKNT (ResE.VRCH SECTION ), 

The British THOMSoy-Hm:.STON Company Ltd., Rcoby, 

[Riceived, March 25lJi, B}22.j 


QhX—Tke Catalytic Oxidation of Saturated Paraffin 
Hydrocarbons and Fatty Acids. 

By Arthue IIerky Salway and Percy Noel Williams. 

For a mimber of years Dicrc has been considerable actiyity dis- 
nlavcd in the investigation of methods for the oxidation o! mineral 
oil and paraffin wax, with the objed of producing fatty acids snit. 
able to industrial use. The method of oxidation usually adopted 
tor (his purpose consists in the catalytic oxidation of the hydrocarbon 


with air or oxji^on. 

Sumcrous investigations of the character of the acidic products 
obtained by this process have been made. In the earlier researches 
of Charitschkoff (J. Ihiss. Phys. Chem- Soc., 1908, 40 6;>2, 1737; 
1909 41 34b, 1150) on the atmospheric oxidation of Caucasian 
oil in the presence of alkali, it is shown that the principal products 
arc highly oxygenated acids, which are considered to consist o 
monobasic acids containing two hydroxyl groups, and to he dmaved 
from the naphthenes in tho original oil. In the more reo«,t. mm- 
(igations of Bergraann (2. a'ujew. Oim., 

{Her., 1920, 53, [B], 06. 1.767), Fischer and Schneider {durf., p. 9-), 
Jciin {ibid., p. 987), Scliaansdimidt and Thiele (iM., p. - -9), -and 
Aitfl {Ckm. Zig., lO.’O, 44, .761), in which the oxidation of p.aiatfii 
.va.x under varying conditions of tcraperatuK am 
Aith the use of various catalytic agents is investigated, it is 
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that the product in a<!l cases contains a large number of substance? 
Amongst tliese have been identified the normal fatty acids 
formic to arachidic acid. There are present also, according 
Bergmann [loc. cit.), lignoceric acid (C24H4j,02) and two new acid? 
CigHgjOa and isomeric with palmitic and undeccnoic 

acids respecrively. In addition to these compounds, ketotrs 
alcohols, and ester-like substances have been detected in 
oxidation ijrodiiet, but not identified. 

It is clear from these results that when paraffin wax is oxidbod 
a very eoin]dex mixture of substances is obtained, the idenlificatitm 
of which is a matter of considerable difficulty. As paraffin wax i? 
itself a mixture of j)ara{liii hydrocarbons and probably ajso contains 
naphthenic hydrocarbons, it was thouglit that a better insi% 
into the nature of tlie reaction would be obtained by invest igatin-r 
the oxidation of pure siil)stancos of known composition. Aocori 
ingly hcxadecane was chosen as a suitable example of a paraffin 
]iydrocarbon,=*= and preliminary experiments were undertaken witl^ 
this substance. In the course of the experiments it became obvious 
that the fatty acids produced l)y the oxidation themselves undergo 
further change, and hence it a])pcared ])rol)able that the nature 
of the reaction could bt'st be studied l)y an investigation of tht 
products from the catalytic oxidation of fatty acids. 

In the present paper are described some jirelim inary experiraonts f 
on the clieinical character of the products obtained when stearir 
acid is subjected to oxidation with oxygen in the pre.scnee of man- 
ganese stearate as catalyst. It has been found that the reaction 
in this case also, leads to the formation of a complex mixlure of 
substances, the complete identification of which has not been 
pos,sible. The product contains several members of various 
classes of compounds including monocarboxylic acids of the fatty 
series, dicarboxylic acids of the malonie series, togt'ther witii 
lactones and lactonic acids. Carbon dioxide and formic acid are 
also produced during the oxidation. 

It is evident from the experimental results that Ihe moleciilo of 
stearic acid is attackial at several points in the eliain of carbon 
atoms, ]('ading primarily to the formation of hydroxy -acids or 
lactones, which an* then furtlier oxidiseil and degraded, 

* Jt lia> rp(('iiily slmun Ky l-’raricis (lliis vol,. p. tUti) tiuit tlu-nonnis] 
pamfliii liyrlnt. ai'ltnns in n ax an' not affpcti'd iiiititT riTfinn cnR- 

ciitioiis Ilf raraiyti<> (ivid.itinii. In tlip usual uirtliods of oxidation, imvliidi 
motallir hylroxidps aiv usrd as ratalysts. I la- saturatod parallhi hydiwaite 
itro also oxidised. 

t 'J’he re.^nhs f>I lliese rx[)eiiinents, ;dt})ou;,;ii ineot!i}>i'.'te. !in' now ivcortirii 

as further colhibcration of tlie authors is, owing tu uircumstaiiccs, no longer 
possible. 
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Xs a similar series of products was obtain, od when hoxadecanc 
fl-as subjected to the same process of catalytic oxidation it is 
probable that the primary product in this case ‘is a fatty 'acid, 
it has already been suggested by Engler in explanation of the 
oxidation of saturated paraffins at a high temperature that the 
hydrocarbon first decomposes forming hydrogen and ap un.saturatcd 
hjtlrocarbon, which is then attacked by the oxygen. Assuming 
that a similar change takes place at a much lower temperature in 
the presence of a catalyst, the primary changes in tlu' oxidation 
of hexadecaiie may be represented thus : 

Cfia-tCHJjyCOJI { K'CO.^H. 

The fatty acid thus produced then undergoes secondary oxidation 
and degradation as already indicated. 


Experiment a l. 

X.—The Chemical Character of the A cid-s -produced from Stearic Acid 
hy Catalytic Oxidaiion. 

The method of oxidation adopted con.si.stcd in liealing stearic 
acid at 120 -130° u’ith 2 per cent, of manganese .stearate and 
passing a current of oxygen tlirougli the mixture for twenty dour 
hours. 

The preliminary exj^eriments showed that wlien pure stearic 
acid is .subjected to thi.s treatment tlie oxidised 2 njxtiire contains a 
considerable proportion of 1 acton ie siibstanee.s, whilst the gas 
evolved contains carbon dioxide, formic acid, and some lower 
fatty acids. 

A more comprehensive investigation of the chemical clmracter 
of the product and the relative proportions of tlie various sub- 
stances formed wa.s next undertakem. Eor this purpose 100 grams 
of .stearic acid were oxidised li_y the above-described method, and 
the reaction product was scjiaratcd into (1) volatile acids carried 
.way l)y the current of oxygen and collected in a scrubber containing 
.queous sodium hydroxide', (2) acids soluble in water, and (3} acids 
nsoliiblc in water. 

The volatile acids (1) amounted to approximately 5 per cent 
)f the original acids and were found to consist of 1 i)er cent, of 
carbon dioxide, 2-5 per cent, of formic acid, and to .per cent, of 
Jther acids including acetic and higher fatty acids. 

The acidic products soluble in water were extracted by agitating 
the reaction mixture with a large volume of hot nuter (2 3 litres). 
They were separated by steam distillation into volatile and_ non- 
volatile acids. The former, amounting to 3 per cent, of the original 

3 a’*' 
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Btearic acid, had an average molecular weight of 74 and 
formic, acetic, and butyric acids. The latter, amounting to 5 w 
cent, of the original material, contained dibasic acids. Xhus^ foj 
example, it yielded, by fractional crystallisation from ^ 
small amount of crystalline solid melting at 105—120'", which had 
a neutralisation value of 479. Although this substance was not 
obtained in tlie pure condition, there is no doubt from its general 
properties that it consists of a dibasic acid — or mixture of dibasic 
acids — of the malonic series (brassylic acid, neutralisation value 
460; m. p. 114°). 

The main product of the oxidation remaining after the removal 
of the \vater- soluble acids amounted to 86 per cent, of the original 
stearic acid. It wms first freed from manganese by washing witli 
dilute hydrochloric acid and water successively. The material 
then had a neutralisation value of 206, but a saponification value 
of 244. The difference between these two values indicated the 
presence of lactonic substances, anhydrides, or esters. The high 
saponification value compared with that of the original stearic 
acid (198) also suggested the presence of fatty acids of Imver 
molecular weight than stearic acid. 

The product was separated into a series of fractions of varyina 
solubility by fractional crystallisation from alcohol. The more 
sparingly soluble fraction, amounting to 40 per cent, of the whole, 
consisted of stearic acid. The most soluble fraction, also amounting 
to 40 per cent, of the whole, had the following constants : neutral- 
isation value 200 ; saponification value 268; m. p, 33-3S'; 
average molecular weight 209. It is evident that this fraction is 
rich in lactonic constituents an'J contains acids of lower molecuk 
weight than the original stearic acid. 

The lactonic constituent in the above mixture is easily saponified 
in the presence of an excess of alkali, but if mineral acid is added 
to the soap solution, the liberated acid is immediately transfomed 
to lactone again; being in this respect similar in bcliavionrt'' 
stearolactone. The presence of such a lactone renders it dillii'iili 
to prove the presencr’ of small quantities of the true fatty acids 
An attempt was made, however, to isolate fatty acids of low 
molecular weight from the matcTial by fractional distillation in 
superheated steam,* Only lU per cent, of the material could be 
distilled without decomposition. It melted at 42 — 45°, was free 
from lactonic con.stituent, and iiad an average molecular weight 
of 245, 

* The invositij^alion of tlicso products eitlif*r liy direct distilUtiou or roD- 
version into inetlu'l e.sters and fractioiuil distillation is alteiuied with ditlioilnej 
on account oi the ensuing decomposition. 
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From these results it is clear that only vferv sm,ll , 

the true fatty adds of lower moIecular^weiSt than^ ° 

are present. The main bulk of the material wli 
average mjcular weight (calculated as monobasic acidTcLm 
spending to launc acid, ,s not readily di.stilled in sulm 
evidently consists of hydroxy-acids and their lakLs “ 
The iMtonic Oonstit'uents. f]iP i . 

lactones, a portion of the original oxidation ’ prodrt taf jltt 
neutralised with cold alcoholic sodium hydroxide and tl„. = i 
then mixed wdth water and extracted with light’ petroleum "xiie 
e.xtrac , which should contain the .lactones together with y 
neutral substances m the original product, was then heated with 
an excess of alkali and the solution again extracted with light 
liotroleum. Tn this way a soap, derived only from the lactone 
was obtained. This, on acidification, yielded only a small quantit; 
(1 per cent, of the original product) of a lactone. It consisted of I 
pasty solid, and had a saponification value of 103. This lactone 
is evidently a condensation product [M — 545) 

The amount of lactone obtained in this' e.xperiment was much 
less than won d be expected from the constants of the original 
oxidafaon product The explanation was subsequently found to 
he 111 the fact that the lactoiiic constituent is not a simple lactone, 
but IS both acidic and lactonic. 

Thms for example, when a solution of the product of oxidation 
was agitated with cold aqueous sodium carbonate, the lactonic 
ingijdient was extracted, as shown by the fact that the extracted 
product had a neutralisation valiie of 184, but a saponification 
value of 312, from which it is clear that the extract must contain 
actomc acids. The separation and identification of the individual 
lactonic acids in this mixture lias not at pre,sent been accomplished 
and IS a subject for further investigation. In all probability they 
consist of lactones derived from dibasic acids, and having the 
general formula 


B. The Oxidation oj Hexademne with Oxygen in the Presence oj 
Manganese Stearate. 

Ihe hexadecane used in these experiments was prepared from 
ene by catalytic reduction wdth hydrogen and nickel The 
lexadecane thus obtained (b. p. 275—280^ bromine value 0) 
us subjected to oxidation by passing a current of oxygen through 
6 iquid at 120° in the presence of 2 per cent, of manganese stearate 
he hours. The volatile substances carried away in 

10 current of oxygen and absorbed in aqueous sodium hydroxide 

3aJ2 



1348 


MCKENZIE AND SMITH : 


were found to contain carbon dioxide, formic acid, and small 
quantities of acetic and butyric acids. Tlicy amounted to 4 pej 
cent, of the original inaterial. 

The rest of the reaction i)roduct contained 70 per cent, of acidic 
substances and 30 per cent, of unchanged liexadecane. The latter 
was removed by dissolving the mixture in light petroleum and 
extracting the acids witfi dilute sodium hydroxide. The acidic 
substances thus extracted consisted of a pale yellow oil and had 
the following analytical constants: neutralisation value 241; 
iodine value 0*7; d?>!i O'OGll (Found: C — G44; II 5 . 
0 = 24-1 per cent.).' It is evident from these results that the 
product contains a considerable proportion of hydroxy-aeids. 

In order to ascertain wlietlier the mixture contains any true 
fatty acid, it was subjected to fractional distillation in superheated 
steam. Approximately 20 per cent, of the acids were volatile 
without decomposition. Tlicse acids corresponded in neutralisation 
value and boiling point with the fatty acids hexoic to nonoic. 

The remaining acids were not distillable witliout deooTiipositioii. 
Tliey were found to consist largely of lactonic acids similar in 
general character to those produced by the oxidation of .stearic add. 


The authors desire to express their thanks to Messrs. T.KnerBros, 
for permission to publish these results, an<l to l\Ir. R. Thoma.', 
M.Sc., for helpful suggestions in connexion with the production d 
active manganese catalyst for the oxidations. 

Re.se A KCU L.^bor.^torv, 

Port Kunugiit, Cheshire.. Jhciind, April VMh, 15 * 22 . 


CJjXl.—Catah/fic Racemimtion of OpiicaUij Ado'^ 
Acid Amldei^, 

Ry Acex. IMcKknzik ajul IsoHiiii Acnks S>[IT1I. 

In continuation of reernt investigations on catalytic racemisatkm 
(McKenzie and Wren), the present coinniunicatir*n deals in the lint 
instance witli the action of alkali on /-inandclamide. Under the 
conditions quoted i[i the experimental section, the inandelic iina 
obtained by heating the amide with an exce.ss of aqueous pota>du!i] 
hydroxide Vve the value L=c]d - in a(}ueous solution, a figure 
which is far short of that for hmanddic acid. The racennsatui 
w'as complete when ethyhalcoholic alkali was substituted for aqueou^ 
alkali as the hydrolytic agmit. Wium the amide was hyclrolv^rd 
by aqueous alkali insufficient in amount for the complete liydixte 



catalytic EACEMISATION of optically Af^TIVE ACID AMIDES, 1349 


tiic amide which survived the attack had only - rr in aqueous 
sohition as contrasted with - 00^ for the original nuiterial 
whereas with ethyhalcoholic alkali the recovered amide was optically 
inactive. 

An illustration is thus afforded of the distinct difference in racemis- 
ing power between aqueous and alcoholic alkali, although in com- 
parison with the action of alkali on ethyl ^-mandclate (T., 1919 115 
602) the effect of the aqueous alkali on the amide was greater than 
was anticipated. The total racemisution indutied by the alcoliolie 
alkali is to be attributed to the presence of potassinin ethoxide. 

At least three distinct reactions arc invoh-cd in the employment 
of aqueous alkali, (1) the catalytic ’racemisation of the l-aimdv 

(2) the hydrolysis of the r-amide formed in the first reaction, and 

(3) the hydrolysis of that ])ortion of the /-amide which .sur\'ivcd the 
racemising effect of the alkali. With alcoholic? alkali, the whole 
of the amide is catalytically raoemi.scd, and we are thu.s concerned 
only with reactioms (I) and (2), the velocity of reaction (1) being 
probably greater in alcoholic than in aqueous solution, and the 
raeemisation being complete before the conclu.sion of the hydroly.sis. 

It vas next found that the addition of a small quantity of 
alcoholic alkali to an ethyl -alcoholic solution of /-mandelamido 
caused the rotation to drop gradually to the z(Ta point, at which 
stage the solution was still alkaline and containe<l the r-amido, 
kMandclamidc lends itself particularly well for the ilhistriition of 
this effect, hccamse with the concentration of alkali used the 
hydrolysis can only bo slight at the ordinary temperature. The 
novelty of the observation lies in the proof that an optically active 
acid amide can bo raeomised with sue!) remarkable ease at the 
ord inary tomperai ure . 

The simplest represeiilalion of the action Is based on theassumj)- 
lion of a mobile hydrogen atom in the amide ; 


Ph 

Oil 


>C< 


H 

CO'NH, 






otr 


H 

CO'NHg 


{Jiifiedi'r.) {liuniifc.) 


This picture is, hovxner, iiotliing more or less than a very con- 
venient working liyjiothesis which has been of .service as a guide. 
'Dutc appears to bo no valid experimental evidence that a compound 
of the formula OH-CPh!C(OH)n\Ho can have an existence which 
is more than transient, Contrasted with acetoa^ctic ester— a 
definite equilibrated mixture of two conqiouiids— mandclamide in 
alcoholic .solution i.s, in our opinioin no such mixture, and contains 
no enolic form in equilibrium with the ketonic form. Kever- 
theiess, the proof that desniotropic change does occur is provided 
in the present results, but the enolisation takes place, not with the 
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amide itself, but probably with some .additive compound formed by 
the combination of the amide with potassium ethoxide. 
following is suggested as a representation more in accordance ^vitb 
the facts than that given above : 


Ph-C— H 

C-NH, 
1 1 ^ 
0 

(Lcevo.) 


OH 

. Ph— C— H 

C-NH, 

/\ 

KO OEt 

(Lfcro.) 


OH 
Ph— C 

I I 

c 


OH 
Ph— C 


no NIL 

{Inactive.) 


. OH 
Ph— C— H 
CO-NH2 
/- 


+ H,0 


KO NH, 

[Inactive.) 

4 - 

+ H-C-Ph 
CO'NH, 
+ <1. 


[Inactive.) 


On a similar assumption, the catalytic racemisation of amygdaiiu 
studied by Walker (T., 1903, 83, 472} would in its simplest form be 
depicted as follows : 


iso. -I vvjydaiitt. 


Annjfjdalin. 


The cHtn version of /-mandelonitrile glueosicle into prulaurasiii 
(Caldwell and Courtaiild, T., 1907, 91, 071) might be represented m 
a similar fashion, it would be of interest to test this point with 
other optically active nitriles, but compounds of this cla.ss arc 
unfort uiratcly not readily available at present. 

A number of optieally active amidc.s have also been brought 
within the seopo of the present research. /-.Atrolactinamide. 
OH*CPhMe‘CO-NH^, wliere the methyl group has the place of the 
migrational hydrogen atom of /-mandelamide, should exhibit no 
tendency to undergo dcsmotropic change, This amide was accord- 
ingly found to undergo no catalytic racemisation by alkali, hi 
Z-a-methoxyphenylacetamide, ()Me'CHPh'CO*NH 2 , the cflfcct of 
the methoxy-group in [)]aee of the hydroxy-group of raandelainide 
is to increase the mobility of the migrational hydrogen atom. 
From the partial hydrolysis of this amide with half of the calculated 
quantity of alcoholic alkali, the unhydrolysed amide, a.s well as the 
methoxy-aedd obtained from the potas.dum salt, were complete!} 
inactive. The great tendency of this amide to raccmisc 
further seen in the behaviour of its alcoholic solution with a small 
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quantity of alcoholic alkali at the ordinary temperature The 
effect of substituting an aryl group for llie hydroxy-group in 
f.mandclamide was studied with ?-phenyl-|5-tolylacct amide 
CgH 4 Me‘CHPh*CO‘NH 2 , which is even more susceptible to alcoholic 
alkali than is /-phenylmethoxyacetamide. 

These results may be correlated with the conceptions of Tiffeneau 
and of Meerwein on the mechanism of the pinacolin transformation. 
Tor example, in the conversion of ax-dip}ienyl-p[i_.dimethylet}iylene 
glycol into aa-diphenyl-a-methylacetonc (l^leerwein, Annalen, 
1019 , 419, 124), the stability of the hydroxy- groups i.s the determin- 
ing factor, and this in turn depends on the ^relative strengths of 
attachment of the phenyl and methyl .groups to the carbon atoms, 
thus : 


(ft) /Me 

Ph^: I Hie 

OH OH 


Ph 

Ph“C-COMe, 

Me/ 


where the bond of union between the phenyl group and the carbon 
atom is stronger than that between the methyl group and the 
carbon atom. Consequently, the residual affinity available for the 
retention of the hydroxy-group to carbon atom (a) is less than 
that available for the other hydroxy-group attached to (6). On 
dehydration of the glycol the union between [a) and its hydroxy- 
group is supposed to be severed. On the same reasoning we have 
the formula) ; 

Phv , H Ph. H Ph. H 

'C 

oh/ /cO-Xh/ OMe/ /(.'O-Xh/ C.h/ /cO-SH^ 

where the difference in mobility between the migrational hydrogen 
atoms in the three amides is represented by the dotted lines, the 
hydrogen atom being more loosely bound in «-methoxyphenyl- 
acetaraide than in mandclamide, and more loosely still in phenyj- 
p-tolylacet amide. The rate at which an amide is racemised by 
alcoholic alkali presumably depends on the ease with which the 
attachment of the migrational hydrogen atom to the asymmetric 
carbon atom can be severed. 

/-Mandeloethylamide, OH-CHPh’CO'XHEt, was chosen as a 
fourth type. From its partial hydrolysis with half \he calculated 
quantity of alcoholic alkali the amide recovered was inactive. At 
the ordinary temperature, the alcoholic solution underwent slow 
racemisation with alkali. It would appear that substitution of 
an ethyl group in place of a hydrogen atom in the '(lO'NHg complex 
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exercises a certain protective influence against racemisafion aii(l 
renders the niigrational hydrogen atom less mobile. 

In 'the foregoing cases, it will be observed that the compoun^j , 
examined all have a phenyl group directly attached to the asym 
metric carbon atom. Wo therefore investigated ^-a-hydroxy-'- 
phenylpropionamide, CH 2 ph*CH(OH)'CO’NH 2 , where the 
group is separated from the asymmetric carbon atom hy die 
methylene group. This prevents the phenyl group playing the 
same role as in mandelamide ; the benzyl group being ]e.ss hrmlv 
bound to the asymmetric carbon atom than is the phenyl group 
the migrational hytjrogen atom is more firmly bound than in 
mandelamide. The amide -in question is, in fact, a substance 
which in the presence of alcoholic alkali does not undergo catalvfie 
racemisatiun, its behaviour recalling that of atrolaetinamklc 
This example is particularly interesting, inasmuch as it slirnv.'^ that 
a compound may contain the racemisablo system, 
and yc't be quite stable. The observations made with this amide 
were not unexpected in the light of previous results with ethvl 
/-x-hydroxy-t^-phenAdpropionato, where tlio ester recovered from 
the jmrtial saponification had not undergone racemisation (T.. 
1920, 117, 680). 

The effect of the separation of the acid-amide groiij) from tlie 
asymmetric carbon atom was next examined with f-i-i-hydroiv- 
3-phenyl])ropion amide, OH*CHi^h*CIl 2 ’CO*^NH 2 . Although tb 
phenyl group is attached to the asymmetric atom, the raccinisahjc 
system, >('H<'0-XH.,, is ah.^('nt, and the amide of the [i-hydiuw- 
acid should be stable towards the racemising agent. This 
borne out by expcriuient. * 

It was expected that ali})hatic amides would in the ahscnct* d 
an aryl group display little, if any, tendency to racemisc wiili 
alcoholic alkali. r/-Tartramirlc was found to he quite stable, Tlie 
addition of mcthyl-aleoholic potash to a methyl-alcoholic solution 
of /-maidiamide cau.scd the rotation to rise sliglitly; the olwrved 
angle then droj)ped very slowly to a value only slightly below tlwt 
of the initial one. There was no definite proof that raceniisatidn 
had occurred in this ease. On th(' other hand, a trace of ethyl- 
alcolutlic potash added to an ethyl-alcoholie .solution of /-mono- 
methoxysueeinamide caimed a drop fnun - ()'42' to xq ObV 
in seveiiteeii days, a drop too great to !)(' ascribed to hydrolysis 
This recalls the compari.^on already made' between /-mandelamide 
and /-a-methoxyphenyJacctamidc, the methoxy-grouj) po.s.dbh 
inducing enoiisation. The same influence apparently comes into 
play with rZ-dimethoxysucciiiarnide, but tlierc w’as no evidence d 
catalytic racemi.sation with r/-nionoethoxysuccinamide. 
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Expert M ext A L * 

^-Mdndeldruide. 

In the preparation of /-benzoin by the action of magnesium nhenv] 

bromide on hmandelamide (McKenzie and Wren, T 93 

and subsequent papers), difficulties wore frequentlv'encouiiterVd hi 
procuring the optically pure /-amide from methyr /-maridelate 
The reason for the somewhat varying values of the specific rotation 
of the amide was puzzling at that time when our knowledge of the 
cvitalytic racemisation of esters was more restricted than now 
Since the preparation was carried out by passing ammonia into an 
alcoholic solution of the ester, it is by no means improbable in 
the light of our present knowledge, that slight catalytic racemisation 
of the ester mJiy occasionally have taken place under those con- 
ditions, with the result that the crude amide would not be optically 
pure, and some of the data quoted by Wren support this suggestiom 
Again, Wren found that partly racemised /-mandelamide, with 

- 60“ in acetone solution, could not be purified by crystallisa- 
tion so as to give the homogeneous amide, and he suggested that 
possibly r- and hraandelamide form mixed crystals. Even when 
the value of the specific rotation is as high as 68 ^ the purification 
of the amide is not economically effected by crystallisation, as the 
pre.sent authors now find. Thus crude f/-manrlelamide (with 
>]d d- 68 * 1 '’ in acetone solution), when crystallised three times from 
a mixture of benzene and acetone, gave {x]j, f- TO'Td which is 4 “ 
below the figure quoted b}^ Wren for the homogeneous amide. 

For the purpose of the present ^\ork, /-mandelaniide was prepared 
from ethyl /-mandelatc, with m. p. 24-5'^ and [ajp — 202 ’ 4 '' (c ^ 
M 068 ) in carbon disiilplude solution, by shaking at the ordinary 
.-ernperature with water saturated with ammonia at 0 “. Aqueous 
vas used in preference to alcoholic ammonia as Ijeing less likely to 
nducc racemisation. The crystals which se[)arated first were 
learly pun*, but the subsequent deposits eontained a small amount 
>f the r-amide, so that even under those mild conditions .some 
'acpinisation does occur, /-Mandclamide gave the following values ; 
In aqueous solution, / = 2, c ^ T838, — 3'5r, [x]^ — 95*b"^ 

In ethyl-alcoholic solution. / — 2, c— 1'9932, — 2’36d 

- 59‘2d 

In acetone solution, I ~ 2. r = 1 - 6028 , - 2-17“, [xJu — 74-8d 

The acetone employed in the preceding determination was 
vahlhaum's product purified through the bisulphite compound, 
lith fermentation acetone, a somewhat higher value was obtained, 
lame I v : 


I = 2, c 1-()24S, xd — 2'47q [aj^ — 76“, 
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the same sample of amide giving under similar conditi a 
temperature and concentration [aju — 74 '3° with 
acetone. The higher value with fermentation acetone cannot 
ascribed to the presence in it of methyl ethyl ketone, 
specimen of Z-mandelamide with [ajj, — 72*7® in Kahlbam^^ 
acetone gave [a]D — 64*7® (c — 1*7552) in methyl ethyl ketone ' 

The following are some of the results on the hydrolysis of {1^, 
amide. 

With Excess of Aqueous Potassium Hydroxide. — T019 Grains of 
the /-amide (1 mol.) were heated for two hours under reflux , 
boiling water-bath with 23'5 c.e. of a({ueous alkali (2 mols.) 
unhydrolysed amide was removed by repeated extraction ^vitf 
ether, and the mandelic acid obtained from the potassium .salt tv 
acidification and extraction with ether gave [a]jj — 30® {c - 2(i0'i 
in aqueous solution. ‘ 

With Excess of Ethjl-alcoholk Potassium H yd r oxide. 

1’032 grams (1 moi.) ; alkali, 23-5 c.e. {2 mols.) ; heating, twohoiip 
at gentle boiling ; both the unhydrolysed amide and the mandelit 
acid from the potassium salt were optically inactive. 

The amide (1*058 graims) was heated for two hours with oOc.r d 
water, and underwent no appreciable racomisatiuii by this treat- 
ment, 

With Insufficiency of Aqueous Potassium Hydro.ride. 

2*0575 grams (1 mol.); alkali. 31'0 c.e. (i mol.); heating at ItKy 
two and a half hours ; recovered amide, O'OOOl gram with [ y.]^ - ; g 
{c = 1-7) in aqueous solution; mandelic acid from jiota.ssiijm .<ali, 
[x]r, -- 49'2'' (r ^ 2'011) in a(pie()us solution. 

With ln‘iufficicnci/ of Ethffi- alcoholic Potaxsium llydyo.vuh.- 
/-Amide, 2*0238 grams (I mol.); alkali, 3()-3 c.e. (1 mol.): hcaiiiiL', 
two hours; recovered amide, 1*2179 grams, optically inactive 
mandelic acid, inactive. 

Catalytic Racemisafion at the Ordinary Trmprraturf 
with [xjp — .')9*2" (r — 1*9932) in ethyl alcohol: in 2-dcm. tuk, 
— 2*36®. One v.e. (d eliiyl-ah'oholie jrotassium hydrfi.vidF 
(0‘6518.V) was added tf> the solution (15 e.e.) in the polarimeter 
tube, and readings were taken at intervals as follows (/ denote tlif 
interval after the addition of alkali) : 


i. 

Op. 

f. 

or,. 

f. 

Op. e 

ap- 

10 rnin. 


2:} lioni’s - 

2! 1 

7 (l.iy.s 

O'Sl ■ 10 flays - 


30 „ 

2- to 

30 .. 

l-oo 

s 

0-70 ]<i .1 

fill 

I hour 

2-38 

47 ., 

1 s2 

!» 

0-GO 20 .. 

fi-i!: 

2 h 011-3 

2-30 

.74 .. 

I'TO 

12 .. 

0-40 22 .. 

OOi 


2-3.-i 

."j fla\> 

ii: 

13 .. 

11-33 2;i .. 

liiiii 

.Vt M 

2-32 

0 ,i 

MCi 

14 

()'2.*) 


After twenty- 

three days, 

the 

solution 

was still alkaline. 

Tie 
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jiiiiJe present in it was isolated, and identified bj its melting point 

js r-mandelamide. 

It will be observed from the above figures that after the solution 
had ofD “ had been diluted with 1 c.c. of ethyl-alcoholic 
ilkali the value was — 2'43°. Although this increase is slight, 



is definite, and a similar increase occurred in otlicr cases, not only 
■th bmandelamide itself, but also witli other amideSr, It is not 
ilikely that this initial rise in optical activity has its cause in a 
nibination occurring between amide and potassium ethoxide as 
■ggested on page 1350. Additive compounds of amides and sodium 
hoxide liave been isolated by Cohen and Archdeacon (T., 1896, 
h 91. Compare also C-ohen and Brittain, T., 1898, 73, 157). 
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The complete racemisation is due to the potassium rtho’‘i 
since /•maiidelamide undergoes no racemisation in 
solution alone." 

In another experiment, 2 c.o. of ethyl-alcoholic alkali (O-Oot.^y 
were added to an ethyl-alcoholic solution (15 e.c.) of the amidi 
which had — 5'07®. The velocity of racemisation is depitt^,,j 
on Curve 1. 

\-Atrohcti)mmide, 

This amide was prepared by acting at the ordinary temperaty 
on ethyl Z-atroIactinato (T., 1010, 97, 2569) witli aqueous ainiiujuj^ 
saturated at 0^ 'After ffur days, the amide was extracted 
ether, and the resulting oil dissolved in benzene, from which th 
amide separated. 

\-Afrolactinamidc, vliich separated from benzene in 
rhombic plates, melts at Ii2'5 — Ii3‘5^, wherca.sthc r-amide (Staudin'r^j 
and Ruzicka, Annakn, 1011, 380, 201) melts at 101- lOi’^ql-Vaup 
C - 65-3 ; H - 7-0 ; X - 8'4. Calc., C - G5T ; R 
X ~ 8'5 per cent.). 

The following rotations were determined : 

In acetone : 

2-2332, ali h- 0-57^ [a]l) h- 12'8k 

In ethyl alcohol : 

I 2, (■ 1-866, xj! -f- 0-47", [a]’,! 8 12-G=. 

A solution of /-atrolactinamide (1 gram) in 21 '1 e.c. of aqiieou. 
pota.ssium hydroxide ((l-57r).nV), tliis being twice the ajiiouj]; 
ealeulatcd for complete hydrolysis, wa.s heatc'd until no mcin 
ammonia was evolved. Tlu' atroiactinie acid, obtained hv iicid;. 
Jicalion and extraction with (‘thcr, gave the following rotatiemi;: 
ethyl alcohol : 

f - 2, c _ 2'7()8, xp - 2-02y Ixh, - 3T'3'. 

The atroiactinie acid wa.> tlins nrovered unracemised, a.s fh 
honiogcneoiis /-acid has [x]p - 37*7 in ctln’l alcohol (T., lOlU, 97. 
1016). Aloreover, although the amide is dextrorotatory in tk 
solvent.s selected, its preparation frtmi the I-nvid is attended ivitli 
no eontigurational chanunc 

An ctlivbalcobolic .solntifjn td /-atrolactinamide giving 
(c — l-8ti6) and contairna! in a 2-rlcm. tube was diluted \vitli2c.f. 
of ethyl-alcoholic pota.ssium hydroxifle (U'65lsA). The initial 
rotation was — (|-34h and this valm* was again oh, served iiftcra 
lapse of sc'ven days, This amide aecijialingly undergoes no eata]ytic 
racemisation v.'itb alcoholic alkali. 
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l-a^M ethoxy phnylaceta in ide. 

This ami(.3e, prepared by the aetion of alcoholic ammonia’ on 
,, ethyl f-a-methoxyphenylacotate, iiad [.]„ - Jon-O" fore .. 2’9196 
inaeetene, in agreement with the vaiuc prca’iously quoted {T,, 1914 
105, 1583) . 

Patfial Hydrolysis.— Tho, amide (3'34 gram.s) was dissolved in 
35-5 c.c, of ethyl-alcoholic potassium hydroxide containing half 
the amount of alkali necessary for complete hydrolysis, and the 
solution heated for two and a half liours under reflux. The bulk of 
the cdcohol was then cxi)ellc(l, water added, and the unhydrolysed 
amide separated by repeated extraction ether. The amide 
obtained from the ether was optically inactive wh(m examined in 
acetone. The phenylmethoxyacetic acid ohtainod from the aqueous 
solution was also found to bo inactive when examined in acetone. 

Catalytic Bacemisation.—Phi^ atnirle gave the following value in 
etlnd alcohol : 

l^2,c-= 4-084, ai, - 8-74", [ a]„ - 107'Ot 

Two c.c. of alcoholic alkali {0-G518.V) were addc'd to the solution 
ill the polarimetcr tube, and readings were taken at intervals. The 
rate of racemisation is quick at the beginning, the initial reading 
taken lifieen minutes after the addition of the alkali being otjj — 7\S9-'. 
An hour later was — 7 ’Go'', and twenty-nine hours later — 4-03^. 
At the end of ten days the racemisation was complete, and the 
solution was alkaline. The progress of the racemisation is sliown 
by Curve II. 

\-Pkemji-])‘toIyIhc(tanridr. 

{'■^Pkenyl’-pdolylacetainide, jnaqiared from gaseous ammonia and 
an ethereal .solution of ])henvl-p-tolyla(‘etyl chloride, separates 
from aqueous ethyl alcohol in needh's. and nu'lls at loo'o — loG'b''. 
It is readily solulile in acetone, elliyl ahahol, or chloroform, and 
sparingly soluble in light petroleum or carbon tetrachloride. It can 
be ciy.stallised from water, in \\hich it is very sparingly soluble, or 
from benzene, in which it l.s sjiacingly soluble at the ordinary 
temperature (Found ; C 79’9; H ^ OT. Calc., C = 80-0; 
H 6’7 per cent,). 

For the preparation of the f-isomeride the following method was 
adopted. hFhenyl-p-tolylacetic acid (T,, 1915, 10’^, 709) was 
converted into its acid chloride by heating on tlie water- bath with 
thionyl chloride until the e\'oliition of liydrogen ctdoride ceased, 
the excess of thioii}’! chloride being then removed under reduced 
pre.ssurc, Ammonia was pa.s.sc'd hito the ethereal solution of the 
product, the solution being k<'pt cold. The solid which separated 
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was washed witli water to remove ammonium chloride, and 
crystallised from boiling water. 

i-Phenyhy-tdlylacetamide separates from aqueous alcohol ia 
feathery needles, and melts at 150'5 — 151*5° {Found: C.:= 8 i}. 2 . 
H = 6*7. Calc., C 80 0; H 6*7 per cent.). Its rotation \vas 
determined as follows ; 

In ethyl alcohol : 

I = '2, c - 2*232, - 0']0°, [ajn - 2*2°. 

In acetone : 

I — 2,,c — 1'5648, otj, — 0*06°, [a]^ — 1'9°. 

With a compound possessing a rotatory power so very small 
this the evidence which we are able to submit for its optical homo, 
gerieity is not convincing. It is nevertheless possible that no 
racemisation had occurred in its preparation, since the opthal 
activity, slight as it was, remained constant in value after repeated 
crystallisation of the product from aqueous alcohol. Moreover, 
the melting point is ahout 5° lower than tliat of the r-isomcride 
already described. 

An attempt was made to prepare the amide in another manner, 
namely, by the action of ammonia on ethyl Z-phonyl-p-tolylacetate, 
This ester, prepared by the esterification of the ^-acid by hydrogen 
chloride and alcohol {loc. ciL), was left in contact with aqueous 
ammonia (saturated at 0 °) for a week at the ordinary temperature 
in a pressure flask, the mixture being shaken at frequent iutervak 
Since the solid which separated under those conditions proved to 
be ester and not amide, it was dissolved in alcohol, and the solution 
saturated wuth ammonia and Kept under pressure at the ordinary 
temperature for three \s eeks. The product isolated gav e no rotation 
when polarimetrically examined in acetone, and was found to 
consist of the racemic ester. It was tliiis impossible to prepare tk 
amide by this method, since the ester in any case undergoc.s eatahtic 
racemisation by the agency of ammonia. 

Catalytic Eacemisation of \-Pheiiyl-ii-tolylacdamide.--T\\o c.r. 
of alcoholic potassium hydroxide (O'GolSA) were added to tk 
solution in the polarimeter tube which gave ocp — 0 10 
c 2*158) prior to the addition. Ten minutes later no activity 
was observed. The alcoholic solution \s'as jwured into wider, and 
the precipitated amide examined, it melted at 155 156 , 
w*as obviously the r-compound. 

1 - d/a nd(dodh yla m ide . 

Partial Hydrolysis,—o‘iSo2 Grams of this amide, prepared by fk 
action of ethylamiiie on methyl kiuandelate (T,, 1014, 1 , ^ 
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were dissolved in 46' 1 c.c. of ethyl- alcoholic potassium hydroxide 
containing half the amount of alkali requisite for complete hydrolysis, 
and the solution then heated under reflux for t\v6 and a quarter 
liours. After removal of the bulk of the alcohol the solution was 
poured into water, and the unhydrolysed auiide separated by 
repeated extraction with ether. The amide w'as found to be 
completely racemised. The amount of mandelic acid obtained 
from the potassium salt w’as so small that it was not examined 
polarimetrically. 

Catalytic Kacemimtion.~The ethyl- alcoholic solution of the 
amide gave : 

1 = 2, c-r-. 4-2905, ~ 2-96^' [a]^ - 34-5°. 

Two c.c. of alcoholic potassium hydroxide (0-651 8iY) were added 
to the solution in the polariracter tube, and the value after five 
minutes was aj, — 3-06°. Five minutes later this had increased to 
oij, — 3' 15°, and then the rotation started to drop very gradually. 
The course of the racernisation is shown in Curve IlL After 
twenty-eight days the value was — 1-29^; after one hundred and 
three days — 0‘23°, and after one hundred and twenty-four days 
~ 0-15°. The interest of this experiment lies in the initial rise of 
rotation after the addition of the alkali being succeeded by a still 
further rise, which in turn is followed by a slow drop. 

1 - [8 - Hydroxy- p ■phenyl 2 )ro 2 ) io)ia mide, 

/-JS-Hydroxy-P-phenylpropionic acid (T., 1910, 97, 121) was 
esterified by ethyl alcohol and hydrogen chloride, and the ester 
converted into the amide by the fiction of concentrated aqueous 
ammonia under pressure at the ordinary temperature. 

\-^-Hydroxy-^-phenylpropionamide melts at 105 — 106°. In ethyl 
alcohol : 

l^2,c = 4-7524, Xd - 3-75°, - 39 r>". 

The d-ifiomeride (T\, 1914, 105 , 1588) melts at 105—106°, and has 
[a]i> -h 38-4° for c - 4-43 in ethyl alcohol. 

An ethyl-alcoholic solution of the amide with — 2*02° {I = 2) 
was diluted with 2 c.c. of alcoholic alkali (0-051 8 when the 
value Ku — 2-41° was noted. This value was unaltered after tiie 
solution had remained for twelve days at the ordinary temperature. 

d- y:- Hydroxy- ^-phenylprop Iona in Idt . 

An ethyl-alcoholic solution of this amide {loc. dt.) giving kj + 
in a2-dcni. tube was diluted with 2 c.c. of alcoliolic alkali (0’65l8i\) 
wlien ajj -j- 0*99° was observed, l^his value v as the same when the 
solution was examined six days later. 
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' A-Tartrdmidc. 

Since Franklaind and Slator (T., 1903, 83, 1354) have shown that 
tills amide is much more soluble in methyl than in ethyl jilcahol 
a saturated methyl-alcoholic solution was examined in a 2-(icm 
tube, when + 0’40“ was observed. When the contents of the 
tube were diluted with 2 c,c. of methyl-alcoholic potassium hydroxide 
{0-5544.Y), otj) -f 0‘3r was observed, and this value was unchanged 
after throe days. 


\~Maldiamide. 

This amide, prepared fn'un methyl /-malate, melted at 150.5-, 
158° with decomposition, vhereas McCrae (T., 1903, 83, 1324] 
give.s in. p. 157°. 

In pjTidiiie : 

I ^ 2, 0 - 0‘7G4, ai, - 1'04°, - 68'r. 

(McCrae gives [a]!; — r)7'7° for c =--^ 1-998.) 

In methyl alcohol : 

I = 2, c- 1-175, - 1-33°, [a]n - 5G'G°. 

The solution in a 2-dcin. tube giving - r33° was diluted will] 
2 c.c. of methyl-alcoholic potassium liydroxide (0‘5644Y), and the 
rotation taken at intervals. 

Interval after Interval aft<'r 

addition of addition of 


alkftii. 


alkali. 

“i.- 

5 min. 

- 1-00" 

1) dav.'^ 

- M5‘ 

\r, 

!-o,; 


1 -(IT 

iiouis 

liis 

1 1 .. 

10:1 

I'dav 


15 .. 

(i-on 

4 daV.-i 

1-lS 

9S 

0*98 


In another experiment lire rotation of the solution ten minute 
after the addition of the <alkali was — 1 '08°, and after three dan 
this had increased to y.^ - 1'33°. 

There is no proof here that any raceinisation had occurred. Tlit 
slight rise in rotation would appear to be due to tiie formation of an 
unstable additive eotnpoiind or comjjounds. Slight hydroly.'); 
would account for the subsequent fall in rotation. 

1 - d/t thox ysucci) la m ide . 

The amide used was prepared by Purdie and Neave (T., h*l'l 
97, 1519). It is sparingly soluble in ethyl alcohol. A solution in^ 
2-dem. lube giving -- 0‘43‘', to winch 2 c.c. of ethyl-aleolKk 
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potassium hydroxide (0-6518A’), wa.s added, .gave the following- 

results : 


Interval after 
addition of 
alkali. 

20 min. — 0’42' 

22 houra 0-42 

40 „ 0-2!l 

7 days O'llJ 


Interval after 
addition of 
alkali. 

0 day-s - Q-IO' 
i-t M • (Kh; 
I. 0-05 


^-DmeihoxymcfAnamide. 

This amide was prepared according to Ptirdic ftnd Irvine (T., 1901 
^9, 957). To an ethyl-alcoholic solution in a 2-dcm. tube giving 
4- I'OC^ 2 c.c. of ethyl-alcoholic alkali (0-651 S.V) were added. 


Interval after 
addition of 
alkali. 


Interval after 
addition of 
alkali. 

c„. 

l.T iriin. 

-f 0-8')’ 

0 davs 

i 0-74 

40 „ 

0-84 

n 

0-60 

215 „ 

0-84 

l-'l 

()03 

1 day 

0'84 

1!) ,, 

n’57 

4 davs 

0‘81 

26 

0-18 


0-77 



d - J/o noeihoxys ucc ina mi da . 

f/-Ethoxysuccinic acid was converted into its ethyl ester (Piirdic 
nd Williamson, T., 1895, 67, 972), from which the amide was 
repared by the action of alcoholic ammonia. 
alMo7ioethox}jmccinamuh separatc.s from ethyl alcohol in rect- 
ngular plates, and melts at 192 ^193^ (Found : C = 45-1 ; H ^ 7‘5. 
'ale., C ~ 45’0; H ^ 7*6 per cent.). 

In aqueous solution : 

l=2,c-= 1-6248, aj, 1-45^ [a]^ 44-64 

The amide is very sparingly soiiiltle in ethyl alcohol. A solution 
13 c.c.) of it in ethyl alcohol giving xj, 4- 0*29'’ was diluted with 
c.c. of ethyl-alcoholic potassium hydroxide (0*651 8A’), when the 
alue Kj, -f 0*24° was observed. After twenty-six days the value 
hserved was -f 0*20°. 


TJie authors are indebted to the Parnegie Trust for the aid rendered 
‘ th(‘ proseculio?! of this research. 

l5\'rvKRsiTy CeixKoE, Di ndiu;. 

UniVEIWITV 01’ 8t. ANDJiKW.'^. 


[ilarirnf, Jiotr Wi, 1U22.J 



1362 NORRIS AND MCBAIN : A STUDY OF THE RATE OF 


CLXII . — A iSfud^ of the Rate of SaponificMion of 
Oils and Fats hj Aqueous Alkali under yarioii.^ 
Conditions, 

By Mabel Harriet Norris and James William McBaix 

It is a strange fact that there appears to he no publislicd accoun* 
of the kinetics of saponification by aqueous alkali. Various pap(>f^ 
have reported studies of rate of reaction in homogeneous altohob- 
solution, hut, even in these, attention is directed more to the 
possibility of enunciating a theory of the mechanism of the reaction 
than to an investigation of’tho actual rate. 

Experiments in homogeneous solution have very little hearintr 
on the industrial process, for it is obvious that the former rate of 
reaction must be very different from the rate in the heterogeneoiif; 
system of oil and aqueous alkali, where many physical factors exot 
considerable influence. The latter is the actual system with whivli 
the soap boiler is concerned, and so far he has worked on pureiv 
empirical tradition. 

This paper records an attemj)t to study the rate of reaction rf 
the process by observing the effect of alteration of conditions likely 
to affect it. The results, in conjunction with others from extensive 
work on phase*rule diagrams of systems sucli as sodium palmitate. 
sodium chloride, and water, have thrown some light on the various 
complicated processes taking place in the soap boiler's pan. 

In the study of a heterogeneous S3’stem such as this, it is probable 
that phx’sical considerations \\ill outweigh ]uirely chemical factors 
The reaction can only take place at the surface of the two niutiially 
insoluble liquids, oil and aqueous alkali. The rate will he affected 
by the area of this surface, whicli in turn will depend on tbedegiTc 
of emulsification. Rato of diffusion and conx'cetion will aho be 
important factors, for tlie rate of movement of reactants to, and 
of resultants from thi.s surface must considerably affect the observed 
rate. If diffusion is very slow the contact surface might eon- 
ccivablj" become coated with products of the reaction to such an 
extent that saponification ceases. 

Experimental results ])t)int to the conclusion that the physical 
considerations are of primary importance. The rate follows no 
simple fornpila, hut is greatly alb'cted by stirring, emulsification, 
and by" the manner and degree of salting out of tlie soap. 

When the concentration of electrolyte exceeds a certain dctmitc 
value, two lirpiirl, aqiic'ous layers are ]) rod need, tl)e more coiicen* 
t rated of ^vhich may be of gelatinous eonsisteney. In soap-boilin? 
parlance, thi.s is termed ‘'fitting'’ and “settling.” The soap k 
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said to be ‘‘ closed ’’ when water is added for the purpose of bringing 
the whole into one homogeneous solution, and when this condition 
is nearly attained the fit is said to be close.” We shall refer to this 
type of salting out with moderate concentrations of electrolytes, 
namely, into two liquids, as ‘"opening” the soap solution for lack 
of any distinctive technical or scientific term, A still higher range 
of concentrations salts out the soap almost quantitatively in the 
form of solid aggregations of curd fibres. This form of salting out 
is commonly referred to hy the descriptive term “graining”; a 
terra which we shall adopt here. It is evident that salting out 
may vary in type during the course of the reaction, or may not 
necessarily occur at all. 

Although it may ^vell be that saponification proceeds in stages 
so that diglyceride is first formed from the triglyceride and is then 
successively saponified to monoglyccride and glycerol, the demarca- 
tion into these stages cannot be observed in saponification with 
aqueous alkali. These reactions proceed with comparable velocity, 
and hence the outside layer of each droplet of oil will be completely 
decomposed, whilst the interior remains unaffected. 

Further work is necessary to determine the exact influence of 
these factors. 

Exper imenta I M elhod . 

Chemicals used . — Standard solutions of sodium hydroxide wnn'e 
made by dissolving sodium drippings, free from carbon dioxide, 
in recently boiled, distilled water. The solutions ivere standard- 
:.^ed by titration against standard hydrochloric acid and kept in 
llasks fitted with guard tubes of potassium hydroxide. Standard 
hydrochloric acid was prepared by the method of Hulett and 
Bonner (J. Amer. Ckcm. Soc., 1909, 31, 390), the required concen- 
:ration being obtained by diluting a weighed quantity of this 
itandard acid with the calculated amount of recently boiled, distilled 
rtater. 

Standard alcoholic solutions of sodium hydroxide (used in 
malysis) ;vero made up in the same ^vay, using recently boiled 
ibsolute alcohol. They w'cro standardised just before use. 

The oils used were of tw’o kinds : 

(1) Commercial oils — cocoa-nut oil and soja-bcan oil, obtained 
luough the kindness of Chris. Thomas and Bros., Ltd. These 
>ils had previously been carefully neutralised, since ofjierwise the 
rarying amount of free fatty acid present in commercial oils as 
isually employed, would liavc greatly influenced the rate. Tlie 
Dean molecular weight of the fatty acids from cocoa-nut oil was 
'14T and from soja-bean oil 2S4'0. 

(2) Pure triglyM ides— triolein and tripalmitin were obtained 
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from Kahlbaum. .The purest ichemicals obtainable 
throughout. 


%ed 


Apparatus eUploiied . — The apparatus used simply consisted oi 
tliroo-necked, round-bottomed flask resting on a sand-batlj I 
reflux condenser was fitted to one neck ; through the other two nect- 
passed a thermometer and a stirrer. Tlie stirrer was a smajl 
silver propeller, made from a silver disk, bound to the roughcji'^fi 
end of a glass rod with silver wire. When in use, the stirrer 
run directly by an electric motor. The rate of stirring wa*, r 
constant (about 2,400 re vs. /min.) and recorded in each ea.se * 

In .some experiment.s, where “bunching” oecurred,* itwasfo^j 
iieoe.ssary to replace the sand-batli by a water- bath to V'hieh soiijt 
glycerol liad been added. By immersing the fla.sk in 
was po.ssible to keep the contents at the required temperatun 
(100— -lOo^) without involving the risk of cracking the flask du 
to the extreme local lieating which occurred when, searcelv anv 
liquid was present. 

Experimental Procedure. — The methud of experiment is tr 
measure 50 c.c of standard alkali into the fla.sk and heat it tolioil. 
ing. A weighed quantity of oil (usually an equivalent amount)!? 
then added and stirring commenced. Ihiiling and stiniitw ar- 
continued for a definite time, ^vhereupon a sample is removed fir 
analysis and the reaction in it sto])p{'d hv' the addition of acki 
Usually a separate experiiuent was set up for each mcnsumneiit 
and mcasurcmcnt.s were made in duplicate at least. 

Method of Anab/si-^. — (1} .V sample is taken and acidified witht 
known volume (exce.ss) of liydroehloric acid. This throw.s the sun 
out of solution in the form ofl fatty acids. 


(2) The oil ])ha.<e and aqueous ]diase are now separated bv filtra- 
tion, the filter-paper first being wetted with water. The oik tm 
wa.shed with water until free from h vdrochlnrie acid. 

(3) Titration of tlie filtrate giv(‘s the quantity of hydroclilork 
acid in excess, and therefore the total ireifjhl of sodium in thesauipk 
as soap and free alkali. 

(4) The r>ils arc dissolved in absolute alcohol and titrated wiO; 


* " " " bailin'^/' ” jj:uiiitiiiiia " ( “ gain": stringy ' (?), reiVto 

tlia njiiiiatiagcalilo fcnii I il ii m nt ttn- (-(tutriils of tba soa[) [xiii wlicn llif'.n® 
is all ill lK>aio;;t'iit'nua sobninn Mint ilia mass is filli-d with Iml'Ws 

of nic ur strjuti. If is a'.'niilrd hy ma iiitii itiing stilVicirtit i-rnii-i‘itlniii"!t 'i 
alkali . r salt tn t-iisili-i* sahimi: can rjilicf as two liijuids nf as i-iinl fiii'll}!- 
I'ivcri ulictc tl.r rontf-nt'' m tla- .-.<11111 a|j[n'ar tu lia lioaiog'-n'-aiis in iwi-i- 
workiiiLO f'ldS! r (-xaiilinat inti waiuhi [ irnbalily jir()\a' ia rvrrx oa.sr (li.'t 
out had ar-tU'dly fteeurred, as can !>(■ .sran fiy ilir si-paration into two 
layers when a .specimen i:3 removed and allowed to starul, without stiniDe 
in a closed glass vessel fur several days at 1 UO' . 
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standard alcoholic sodium hydroxide (water is added just lieforo the 
titration is complete so that the end-point occurs ‘in CO- -80 per cent 
alcohol). This gives the amount of free fatty acid, from which 
follows directly the weight of sodium which was combined in soap. 

(o) The last result together with the saponification value * of the 
oil gives the weight of oil saponified, which can then he expressed as 
a percentage of the amount of oil taken. The saponification values 
of the oils used were 2d”> for cocoa-nut oil and 190 fqr soja-hean oil. 


Exper imenta I Resit Its. 

{a) Effect of Stirring. -The first experiments w.»Te necessarily of a 
5 emi-qualitative nature. Cocoa-nut oil hvas used and A^sodium 
hydroxide in approximately equivalent amounts. These con- 
stituents were vigorously boiled together for an hour in the apparatas 
previously described, but without mechanical stirring. It was 
bund that under these conditions the rate was extremely slow, 
inly 2'5 per cent, of the oil taken being saponified in an hour. On 
louring the reaction mixture into a measuring cylinder, it separated 
nto two layers almost at once, practically all the oil collecting in 
he top layer. This showed that very little of tlie oil had been 
uuulsified, but this portion was in the form of droplets a fraction 
>f a millimetre in diameter. 

This rate was obviously too slow' to be convenient for experi- 
ncntal purposes. With the hope of increasing the emulsification, 
Hid therefore the rate, the stirrer was introduced. The desired 
ift'ect was obtained, for in an hour (still using A"-sodium hydroxide) 
:a— r>0 per cent, of the oil taken was saponified. That is, the 
tirriiig had increased the initial rate*about twenty -fold. 

Experiments with (1) no stirring, (2) reduced rate of stirring, and 
3) part-time stirring, were performed. Results show'cd that with 
10 stirring, even with vigorous boiling, initial reaction was alwaj's 
lower than ^yith stirring. Cocoa-nut oil, however, stirred for the 
irst half-hour only, reacted as far in an hour as w'hen stirred for the 
("hole time. These few' experiments would appear to indicate that 
t is the initial stirring which maltcrs; once (lie oil is emulsified, 
nd sufficient soap ha.s been formed to aid this process by stabilising 
he emulsion, the reaction proceeds quite as quickly without stirring, 
lowcver, we have repeatedly observed that it is not until the 

* The saponiflcaligii value uf an oil is tlic number of milligrams of potassium 
ydioxido required to .saponify 1 gram of oil completely. It can be obtained 
y totally saponifying a known weiglit of tlio oil witii excess ol alcoholic 
Dtassiuin hydroxide atkI deteriniiung the amount of jiotassiuiu hydroxide 
Bed (For practical Uetaiia, boo ” Oils, Fats, and Waxes, by Fryer and W'esLon, 
art IIj. 
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reaction between cocoa-nut oil and iV>sodium hydroxide has gone 
to the extent of 90 per cent, that all the oil is permanently 
emulsified. * 

Experiments in duplicate with reduced rate of stirring showed 
that reduction from 2,400 revolutions per minute to 980 revolutions 
per minute reduced the rate from 45 and 50 per cent, saponification 
in one hour, to only 19 and 22 per cent. This result shows that 
the amount of .saponification in one hour was proportional to the 
rate of stirring, even w^hen stirring w^as already extremely vigorous. 
The saponification is very roughly proportional to the rate ol 
stirring raised to fhe power §. This shows clearly the essentially 
physical basis of the rate observed. The general results are 
contained in Table 1. 

Table T.* 


Conipcivison of percfniage saponification of oils boiled with aqueous 
alkali under various condiHons of stirring. 


Oil. 

Cocoa-nut 


Soja-bean 


Conen. 

Initial stirring. 
Dura- Rate 

Oil 

Percentage of 
oil saponified 
with standard 
stirring (2,40U 
revs, /min.) 

of Time 

tioii ( 

revs, per 

saponified 

during the 

XaOH. (Imurs). 

(hour). 

inim). 

per cent. 

wliolo time. 

LY 1 


2,400 

32 

45—50 

„ 1 


50 

45—50 

„ 4 

i 


92 

91 

1 

no 

ne 

2 ',5 

45—50 

2 

!! 4 

2.V 1 



12—20 

31—52 

74—80 

91 

96 

LV 1 

1 

080 

19—22 

45—50 

IX 1 

' none 

28—30 

07—70 


* The large differences in Ihe results of the duplicate experiments will 
no stirring can l)e explained by the faet, tliat boiling is very uneven, iiic 
higlier figures were obtuiiu'd when boiling was good; llic lower ones, when 
violent bumping oi'C’Urred. 'I'he kind of boiling naturally affects t!ie ^izo 
and number of oil droplets pi’esent. 


(b) Standard ExperimeMs.- 'Ra\mg cstalili.dicd a definite metliotl 
of attack, a series of standard experiments was carried out with the 
four typical oils. 

A complete set of cxjjcrimcnts was made of duration of half- 
hour, one hour, and four hours with each oil in turn, using succes- 
sively and 4A'-sodium hydroxide solution. Equivalent 

quantities of oil and alkali were used in each case, and stirring wa^ 
uniform except where bunching made the mixture so viscous that 
stirring was impossible. 

In most cases the results were reproducible within a few units per 
cent.; in other cases, they varied by several units per cent., but 
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these discrepancies were usually duo to the occurrence of frothing . 
or bumping, causing difficulty 'in juanipulation, or salting out 
increased the difficulty of taking a sample for analysis (see Talde'll). 

Table IT. 

Percentage saponification ichen oils are vigorously stirred with an 
equivalent amoirnt of boiling solution of sodium hydroxide. 

Percentage yaponification \vi(li 


Oil. 

Time. 

A’-XaOH.* * * § 

2X-XaOI[.* 

4A'.NaOB.* 

Cocoa-nut 

20 jiiinutes 

4 





hour 

IS 

95— 9(j 

93—94 1 


t ,, 

45— ,10 

‘ 95 

95—97 X 


2 hours 

74- HO 




d „ 

1)1 

90—98 

90—98 X 

Sojadjcan 

1 day 

2 days 

t)5 
a 7 

99-8 


hour 

12 tt 

[7--lSt 

>ll> — 38 t 


i ,, 

67— 71) it 

92 -93 Sjt 

97—98 Xi 


4 hours 

ii7 -t)H it 

94 -98 it 

9(1 -98 tt 
80 §t 

Triolein 

•V hour 

fi.) 

37-47 f 



77- - 84 

85 tt 

88 +t 


4 hours 

89—00 

91—93 ^t 

92 ;t 

95 X 

Tripalmitin 

liuur 

70—72 

lOU X 


1 „ 

84- — 8(i 

— 



Tristearin 

hour 

1 

12 


— 


1 

4 hours 

1 8 — 32 

90 t| 

— 


* Those normalities refer to the mols. per litre of tlio initial alkali taken 
at room temperature. 

t = Salting out {curding, graining) occurred. 

t “ Bunching finally occurred. 

§ -- Sample taken jn.st as salted-out soap was redissolving, 

I 

The results for the separate oils are as folio : 

i'oeoa-nut Oil. — This oil shows a slow initial period with i\’-alkali, 
and very great slowing off in tlie last stages of the reaction. With 
IV-alkali tliere is no salting out ; the rate is therefore greatly 
increased and the reaction goes to the extent of 95 per cent, in 
the first half-hour. W'ith I^-alkali salting out occurs at first, 
hut the salted-out soap redissolvc's bc'fore tlie end of the first half- 
hour, so that the rate (except perhaps in the very initial stages, 
which have not been in\'estigaled) runs almost parallel to that with 
2.V-alkali. 

^oja-hean 0//.— With .Y-alkali the rate is slower, in the initial 
stages, than with coeua-nut oil. This is probably due to the slight 
salting out which occurs even at this low concentration. The 
maxiinuin rate comes somewhat earlier tliau with cocoa-nut oil, 
the reaction now going to the extent of 70 per cent, in an lioui- as 
compared with 50 per cent. After four hours, the reaction has gone 
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to tho extent of 07 per cent. 2i\^-Alkali causes salting out, but the 
rate is slightly increased during the initial periods. Alkali 
again increases, the rate, especially during the initial period, but 
in no case docs the reaction go further than 98 per cent, in four 
hours. 

T^rio/em.— With .V-alkali the slow initial period must be very 
short, for the reaction goes to the extent of 65 per cent, in the 
first half-hour. On the other hand, the slowing off at the end of the 
reaction is very pronounced, for after four hours only 90 per cent, 
of the oil is saponified. 2A"-Alkali causes salting out and almo.st 
halves the initial rate. After the first half-hour, the salted-out soap 
dissolves and the rate is increased, so that in an hour the reaction 
lias gone a.s far as with A-alkali in one hour (85 per cent.), and 
in four hours, .slightly further (92 per cent.). 4A^-Alkali causes salt- 
ing out, but also increases the rate, so that the reaction proceeds to 
the extent of 80 per cent, in the first half-hour. After four liour.s, 
however, only 92 per cent, of the oil is saponified, again showing 
the very great decrease in rate during the later stages of the 
reaction with this oil. Although there is no direct experimental 
evidence, these results suggest very forcibly that here, at any rate, 
the whole of the reactive surface between the two pleases, aqueous 
alkali and oil, has become coated (in tlie later stages) with a layer 
of soap through which diffusion is difficult, and therefore the 
reaction is extremely slow, 

Tripcilmitin . — This fat seems to be more easily saponified than 
either of the previous ones. WTth A^-alkali in half an hour, i\ per 
cent, of the amount of fat taken is saponified. There is no salting 
out. With 2A"-alkali, salting out occurs, but the salt('d-out soap 
very soon redissolves and the reaction is complete in less than half 
an hour. 4A^ Alkali also cau.scs salting out; the rate is slightly 
diminished, 95 per cent, of the fat being saponified in half an hour. 

(c) Effect of Added Sodium Chloride.— \ series of experiments wa.s 
carried out similar to the previous ones except that the initial 
solution of sodium hydroxide contained also a known amount of 
sodium chloride. The results are collected in Table III. 

(d) Effect of Soap Inilially Present— To find the effect of having 
soup present at the beginning of the reaction, an alkaline soap 
solution u as made by adding 0-5— 1 gram of the fatly acids obtained 
from cocoa-nut oil to 50 c.c. of boiling A -sodium liydroxide solu- 
tion and sfirring for a few minutes. This converted the fatty ackU 
into soap. Oil was then added, equivalent in quantity to the 
calculated amount of remaining alkali, and the mixture boiled and 
stirred for a definite time, as in previous experiments. 

The result was that the rate was increased; 75 per cent, of oil 




was saponifif^d m the first hour as compared 45—50 per cent, 
when no soap was initially piescmt. 

By varying the amount of stirring, it wa.s found that five minutes* 
initial stirring, when soap was present, caused the same amount of 
oil to be saponified in one liour as when no soap was initially pre.sent 
but stirring was continued during tlie whole of the time (40 per 
cent.). 

Tablk IV. 


Comparison of the rale of saponification of cocoa- 7 iiit oil boiled with 
an equivalent amount of aqueous alkali and about 1 gram of 
soap, with whole -time and part -lime stirring. 

\Vt. of 

C'oiien. of fatty aoid 'time of Percentage saponification. 

XaOH. (gram). 'time. sdrring. Obs. Standartl. 

1-V O'ToU I fionr 1 ]iour 75 45 — 50 

11 0’751 1 ,, 5 mins, 49 „ 

(<") ^^ffc^lof One Const if ueui o; AV(Y'.s 6;,-- Experiments W'ere carried 
out both with alkali and \\ ith oil in excess. The results are shown 
ill Table V. 

Table V. 


Percentage saponification when cocoa-nut oil and aqueous alkali are 
boiled together with vigorous stirring, and one constiiueni is 
in excess. 


Concn. of 'titno 
XaOn. (liours). 

Propii. til oil 
to XaOH, 

8apon ideation. 

.Percentage .saponi 
fication when oil 
and X'aOH are 
present in equiv- 
alent amount. 

KV + 

; 4 

97'*,, of oil 

91 

4 

5 : 4 

9S-5% of XaOH 

91 

H - 

11 ; 10 

S7%'of NaOH 

74—80 

it.V 1 

1 : 2 

95—99% of XaOH 

9i>- — 97 

VOL. CXXT 


3 B 
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In both cases the amount sapoiulieci, of the constituent jmcsenl 
in less amount, was greater than where the reactants were equiva- 
lent,. I’hc explanations for these results arc two : 

(1) When the alkali is in excess the concentration is not so low 
at the end of the reaction, 

(2) When the oil is in excess the surface exposed must be greater 
throughout. ■ 

(/) o/ re. —Experiments were carried out by 

vigorously stirring together amounts of the neutral soja-bean oil 
and alkali at room temperature, and also by grinding in a mortar 
at room temperature. In both cases, the reaction did not start. 
An observation was 'also made that directly the stirring or grinding 
ceased, the mixture separated completely into two layers, showing 
that no emulsion had been formed. This was probably the reason 
that scarcely any reaction took ])lacc. 

It is somewhat difficult to obtain a well-defined value for the 
temperature coefficient of a reaction the rate of which is of so 
com})licated a form. It was decided to make use of the ohserva. 
tion in standard experiments with cocoa-nut oil and iV-alkali, that 
the rate after the first and up to tlic fourtli hour may be repre-sented 
by a unimolecular formula. The materials in two such experi- 
ments, which were carried out under standard conditions at 100' 
for one hour, were then'allowed to cool to about G0'^,and the stirring 
was continued for three liours longer. The first experiment indicated 
that the reaction goes 1‘3 times faster for each rise in tcinperatum 
of 10^. The second experiment, in which the reaction had pro- 
ceeded much further l)cfore cooling, gave a value T6. It is well 
knowm tliat the temperature coefficient of ty])ical chemical reactions 
is such that a rise of temperature of 10° doubles or trebles the 
rate, w'hercas the temperature coefficient of physical jwocesses such 
as diffu.sion lies between T2 and T3 where the conditions are kept 
con.staut. Enlianced eonveetion, through the greatly diminished 
visco.sity, fully accounts for the sliglitly higher value of the tempera- 
ture coefficient in tlu^ ])resent case. 

Discussion of licsults. 

(a) Mfchanism. of the ficacliov . — For a fuller discussion, reference 
should be made to “The Fourtli Folloid iteport of the UritFli 
As.sociation for the Advancement of Science,'' 1022. Temperature 
coefficient, effect of stirring, of emulsification, and of salting out alike 
indicate that the reaction proceeds in the surface lietween the eil 
globules and the a([ueous alkali, and that the elleetive rate is detor- 
mined by the rate at which the alkali is brought to tliis surface and 
the resulting soap removed, 
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saponification’ without Xs of alkllf L^s^’ te 1“^'' ^ 
because of the very api^ceiabie hydrolyds of soap solutiorSwh 
he assumed to occur. He adduced experiments in which oik were 
boded with the exact equiTaleut of alkali, and in which the bod.ne 
was continued beyond the time re.juired on a manufactu "u 
scHe, only 03 to 94 per cent, of oil and of alkalr being .saponified 
Now that we know, from the mea.suremcnts of hydrolvsi'-alkah 
mty by means of conductivity, cataly.sis, and ullra-filtra- 
tion, carried out in thus laboratory, that the hydrolysis-alkalinitv 
of concentrated solutions is much less than O-OOl Y OH' it i,- clta 
that equilibrium lies niiieh nearer to a oomplefe reaction than wa., 

ban J9 9 per cent, before oquiiihrium is obtained. It w ould appear 
that insufficient time had been allowed in the .soapdioiling exiY-i- 

Tabic II with 2A -alkali and an exactly equivalent amount of cocoa- 
nut oil, where the reaction proceeds to the extent of !)9-8 per cent, 
m twenty-four hours. Likewise the tripalmitin is qiiantitativelv 
saponified m half an hour under these conditions. 

(c) Completion of the Reaction with Excess of Alkali or Oil —It is 
when oil and alkali are taken in exactly equivalent quantity that 
completion of the reaction is slow. This is illustrated by the 
expenments of Table V. If oil ami alkali are present in equivalent 
quantities, the reaction must fini.sh with extreme slowness, since 
towards the end tiotli surface of contact and concentration of the 
alkali are rapidly decreasing. If, nn'Ilic other hand, either tlie alkali 
or e.specially the oil is in excess, the completion of the reaction may 
simulate a unimolccular reaetioii, conditions of emulsification, etc", 
remaining the same. 

It IS ])erhaps necessary lo point out that the excess of oil does 
not act through displaremeiit of the equililrrium, since this is a 
heterogeneous sy.stein and the active ma,ss of the oil is independent 
of the amount present, no matter how greatly this is varied. Thus 
the action of a large excess of oil i.s merely to facilitate the rate of 
reaction by exposing the alkali to a larger area of contact. 

(r/) OcHcivl Course of the llcficlion . — Xearly all the experiments 
here recorded were carru'd <iiit with oil from which all free fatty 
aojd had been removed, and with no soaj) initially present. The 
oirserved rate is tlierefore characterised hy an initial incubation 
period, thereafter tlie reaction proct'crls M‘rv rapitlly, but there i.s 
quite unusual retardation of tin' very stages of the reaction, 
cspeeinlJy when alkali and oil ai'e taken in exactly equivalent amount. 

3 b2 
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It will be noted, from Fig. 1, that eacli of the three stages is differont 
for the various oils employed. 

The initial incubation period is obviously due to lack of emulsify, 
ing agent to stabilise the oil in a state of fine subdivision and corre- 


. Fig. 1. 

l^nte oj saponification wlim neutral oils are boiled ivith I'O N-ogueoa# XaUH 
ibith intense stirring (2,400 revs, per min.). 



spondingly large exposed surface. In ordinary soap-boiling practice. 
emulsificati(.)ri i.s effected by the initial addition of soap as well as 
by the i>rcscnco of often very large amounts of free fatty acid in the 
oils used, The same pronounced effect is shown in the experimciils 
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of Table IV. It will be seen that salting nut of the emulsifying soap 
retards the reaction. 

(e) The Salting -ont of Soajh — Soap sohUions containing only a 
moderate amount of salt or alkali are homogeneous, although the 
iiomogeneous liquid is extremely vascous. A .slight further addition 
of salt causes this homogeneous liquid to separate into two liquid 
layers. It is only over a narrow range of concentrations of salt 
that two liquid layers arc formed. A higher’co he miration of .salt 

grains out ’’ the soap as solid white curd floating on a strong brine 
or “ lye ” containing only traces of soap. Here there are two phases 
present; namely, solid curd fibres apd liquid lye, A’o further 
effect is produced by increasing the salt or alkali up to saturation 
point, except that the curd fibres become less hydrated. 

The comparatively narrow range of c on cent rat ion, s in which two 
liquid layers can co- exist is of great importance to the soap boiler, 
because it is within a part of this region that most commercial soaps 
are finally prepared, and the eiidea\'our is made to carry out 
yaponification under such conditions. 

For the purposes of this paper there is a great complication in 
that there are three po.s.siblc pairs of aqueous liquid; namely, 
“neat soap,'’ nigre,” and “ lye.'' For a full discussion and the 
corresponding experimental evidence, reference mu.st be made to 
as yet unpublished communications by Burnett and Langdon 
referred to in the “Fourth (.'olloid Keport ” {lor. eit.). A con- 
centrated soap solution, on the addition of sufficient salt, forms 
two liquid layers, the upper one of A^’hicli is neat soap and the lower 
nigre ; a dilute soap solution corre.sqondingly falls or opens into two 
liquid layers, the upper of which is nigre and the lower lye. In 
both cases a slight further addition of salt causes the nigre to dis- 
appear, resulting in both cases in a liquid la 3 Tr of neat soap resting 
on lye. Neat soap contains 30 per cent, by weight of water and is 
eight to ten times -weight normal with respect to soap. Nigre is 
about |-N with respect to soap ; lyc is hut a few hundredths nonnal 
with respect to soaj). 

During the experiments liere recorded, the amount of alkali was 
steadily altering, and whereas at. first the alkali might have )cen 
in such concentration that all the soap formed for some time w'^s 
grained out, the diminishing alkali ]iassecl rapid!}- through the narrow 
zone involving pairs of liquid laA'crs, and all the later iflages o t le 
reaction must have proceeded in homogeneous solution, t lat i>, 
Iiomogeneous apart from the liquid globules of oil present throng ion . 
Hence the information in this paper refers ehietly to two o 
conditions : — (f?) where the soap formed is grained out, and (j) w icie 
the aqueous pha.se is a homogeneous solution of soap and a ’a i, 
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The soap boiler coftipensates for 'the decreasing alkali by adding 
salt from time tp time as the appearance of the mixture seems to 
re(piirc. A further communication will include experiments in 
which these physical factors arc kept constant. In soap boiling, 
it is customary to complete the saponification after several days 
by “ boiling da strength,” that is, boiling witli strong alkali. 

(/) Rah of Saponification where the Aqueous Solution is Hoino^ 
geneous . — It should be pointed out at once that this heading com- 
prises all of the experiments with initially normal alkali, except 
perhaps just the beginning of the experiments with soja-bean oil. 
Further, the experiments jvith cocoa-nut oil are of exceptional 
interest in this connexion, because 4A' -alkali is required to salt 
out the resulting soap, even as liquid layers. Finally again, this 
heading includes all the final stages in which a concentration of 
remaining alkali had fallen below LV. 

Although a quantitative expression for the influence of alkali 
cannot here be formulated, the fact emerges very clearly that the 
rale of saponificalioii is greatly increased by increase in the con- 
centration of alkali. Naturally, increased concentration of alkali 
increases the rate at which it is delivered to the reaction surface of 
the oil globule.s. 

The reason for the slow final stages in these saponifications is 
presumably the highly viscous nature of tlie medium toward.s the 
end, where all the soap is in homogeneous solution and the alkali 
in this soap solution is depeiuleiil on dilTusion for reaching the 
reaction surface. ISuch a process is incomparably slower than 
convection with the intense stirpng whicli it was pos.sibie to employ 
at the beginning of the reaction. A further effect in viscous solution 
is the accujnulation of soap in the neigh bo urhwd of the interface, 
and it Is in the immediate interface that the concentration of alkali 
cannot fall below the hydrolysis concentration of O'OOLV. The effect 
of .salt at this stage will bo discussed in a further communication. 

The effect of salt on homogeneous soap solutions lias been shown 
in other communications to be similar to an increase in the con- 
centration of soap itself. That is, salt converts crystalloidal soap 
into colloidal electrolyte. In Tabhi 111 it is seen from the experi- 
ments with cocoa-nut oil that the addition of salt greatly increases 
the rale, probably by promoting emulsification up to the point 
where salting out occurs. 

(g) Rule of Saponification v'h.en ike Soap is Grained Out . — Graining 
out the soap in it.self reduces the rate to a fraction of its previous 
value. The rate is at least halved wlnlher tin* salting out is offeeleil 
by salt or by alkali. This must be due tollie encrustation of the 
reacting .surface with the solid, salted-out soap, Once graining-out 
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occurs, further addition of alkali increases the Tate of saponification 
almost in direct proportion to the concentration of alkali. .This 
effect of increas(‘d alkali may therefore soon mask the initial reduc- 
tion in rate. In every case here recorded saponification with 4*Y. 
alkali is at least as quick as with A' or 2Y, and in most instances 
it is slightly faster. 

Not only is graining in itself a hindrance, but further addition of 
salt intensifies the effect. It is evident tliat any similar eff(;et in the 
ca.se of alkali must he overbalanced by (he enhanced rate at which 
alkali is supplied to the reaction .surface. Further experiments 
arc being undertaken in order to test and extend the conclusions 
here recorded. 

Summary, 

1. When neutral oils are boiled with alkali, the rate of saponifi- 
cation is at first negligible, then rapid, with abnormal retardation 
of the final stages, especially when alkali and oil are present in 
equivalent amount. 

2. Vigorous stirring increases the initial rate by nearly twenty- 
fold, since the reaction depends largely on the .surface of oil exposed. 

3. With inKuOieierit alkali to cause salting out, the rate is very 
much increased by increase in the eoneeiitration (ff alkali. 

4. The rate depends largely on the degree of emulsification. 

5. 8alting-out in itself diminishes the rate by at least one-half. 
Further addition of alkali increases the rate almost in direct pro- 
portion to the amount added, so that a large increase in concentra- 
tion of alkali produces the fastest rate. 

6. When the alkali is siifiioient to cause salting-out, addition of 
salt retards the saponification. 

7. The temperature eoeflieienl is less than l‘.!> and the rate i.s 
less flian proportional to the rate of stirring, both showing that 
the observed saponification is largely governed by physical proeesse.s. 

8. A saponification may be completed within a few hour.s to I he 
extent of 09 '8 per cent. 

0. It may be noted that in these exi)oriments much quicker 
.saponification is effected than in soap-boiling practice, in spite of 
neutralised oils, and alkali inilially free from .soap, having been 
em])loyed. 

Our thanks arc duo to the Research Fund of the Chelnical Society, 
and to the Colston Ke.searcli Society of the I niversity of Fristol, 
for grants for materials. 
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The Univeusitv, Rjustol. 


K<vuva{, Murch m. IHUI] 
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CLXllLStitdieh in the Anthracene Series, Part II, 

By Edward de Barry Barnett and James Wilfred Cook. 

In Part I of this series (T., 1921, 119 , 901) it was shown that when 
anthracene is treated with bromine in the presence of a large excess 
of pyridine it is converted almost quantitatively into a pyridiniuni 
salt. It seemed ,of interest to examine the application of this 
reaction to other compounds, and the present communication 
contains an account of the behaviour of some of the hydroxyanthra- 
quin ones when treated with bromine in the presence of a large excess 
of pyridine. 

It has been found that under these conditions those hydroxy- 
anthraquinones which do not contain two hydroxyl groups in tlie 
ortho- or para-position with reference to one another do not give 
pyridinium salts, but are merely brominated. Thus no pyridiniuni 
salt could be obtained from 1 -hydroxyanthraquinone, 2-hydroxy- 
ant hraquinone, 1 : 3 -dihydroxy ant hraquinone (xantliopurpurin), or 
1 : 5- dihydro xjmnthraqu in one (anthrarufin), all these compounds 
undergoing simple bromination. As a rule, the bromination takes 
place very smoothly and the brominated hydroxy -compound 
separates in the form of a pyridine additive compound, which, 
how'ever, easily loses its pyridine when treated with dilute acids. 
These additive compounds are w’ell- crystal Used substances, and are 
probably salts of pyridine, for it is W’ell knowm that hydroxyl 
groups, when attached to the ant hraquinone ring system, arc more 
acidic in nature than are hydroxyl groufis in most phenols and, of 
course, the acidity would be ingreased by the entrance of halogen 
atoms. The formation of these additive compounds greatly 
facilitate.s the purification of the bromohydroxyanthraquinones, and 
this type of reaction is being studied in detail and wall form the 
subject of a future communication. When a dihydroxyanthra- 
quinone in which the two hydroxyl groups arc pre.scnt in the ortho- 
or para-position with reference to one another is treated with bromine 
in the presence of pyridine, a pyridinium salt is formed, and in this 
respect it resembles the dihydric phenols of the benzene series. Thus 
it has been showm (Ortokwa and di Stefano, Gazzeita, 1901, 31 , ii, 
256; Ortoleva, ibid., 1902, 32 , i, 147) that quaternary salts are 
formed when quinol and catechol arc treated with halogens in 
pyridine solution, hut that resorcinol gives no such compoujid. 
These salts are regarded by Oidolova as ac]ditiv(‘ compounds of the 
type 
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l)Ut these formula; arc almost certainly eiToneou.s, and it will be 
shown in a future communication that the* compounds arc really 
hydroxyphcnylpyridinium salts. 

Now it has been shown (Lesser, Ber., 1914, 47, 2520 ; Dimroth and 
Schultzc, Annalen, 1916, 411, 345; Bimroth, Friedemann, and 
Kammerer, Ber., 1920, 53, [B], 481 ; Bimroth and Hilcken, ibid., 
1921, 54, [B], 3050) that both alizarin and quinizafin on oxidation 
give diquinones, and it seems cc'rtain that the formation of a 
pyridinium salt is preceded by the formation' of the diquinone. The 
reaction is mo.st simple in the case of quiiiizarin, as a dipyridinium 
.salt (ITT) i.s produced, and the formation of this is easily explicable, 
since Bimroth, Scliultze, and Heinze (Ber., 1921, 54, [B], 3035) 
have shown that quinizarinquinone adds on one molecule of bromine 
to form a dibroraide (II), This must then unite with two molecules 
of pyridine and at the same time cnolisation must take place : 


0 

0 

OH 

\/\ 



1 1 
/\/ 



0 

0 

OH 

(I-) 

(11.) 

(III.) 


The formation of the dipyridinium salt is interesting, as in most 
ca.se.s the action of p 3 Tidinc on tlic halogen additive compounds of 
the aromatic .'series leads to ^nnidinium salt formation and simul- 
taneous loss of halogen acid. 

Quinizarin is not brominated by treatment with bromine in 
pyridine solution ; if only 1 mohcule of bromine is used, half the 
quinizarin can be recovered unchanged. 

In the case of alizarin, the reactions which take place are rather 
more complicated. If only I molecule of bromine is used, scarcely 
any pyridinium salt is formed, almost the sole product being 
3-bromoalizarin (IV). If 2 molecules of bromine are employed, or 
if 3-bromoalizarin is treated with 1 molecule of bromine under 
similar conditions, a bromoalizarinpjTidiiiium bromide (VIII) is 
obtained, Assuming, as is probably the case, that 3-bromoaiizarin 
is alwaj'S formed as an intermediate compound, the formation of 
the bromoalizarinp^u’idinium bromide must be due to the oxidation 
of this to 3-bromoalizarmqiiiiione (V), addition of bromine to form 
bromoalizarinquinone dibromide (M); ^nd then simultaneous 
pyridinium salt formation and loss of hydrogen bromide. This 
leaves a bromoalizarinquinonepyridinium bromide (VII), which is 
Dicji reduced to bromoalizarmp^Tidiiiium bromide (VIII) by the 
Iqvdrobromic acid ])rodiiccd b\' the oxuhilion of the bromoalizarin 
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and also simultaneously with the formation of the pyridininm 
salt : 


OH 



(IV.) 



0 




Br 

Br 



Tf alizarin is treated ^\'itll 3 molecules of bromine in the presence 
of pyridine, or if bromoalizarin i.s treated with 2 molecules of bromine 
under similar conditions, the chief product is alizariiuUpyridiniiim 
dibromide (XT\'). It will be observed tliat this compound contains 
the same number of bromine atoms as bromoalizarinpyridinium 
bromide, so that the extra molecule of bromine required for its 
formation does not appear in the final product. It was first thouglit 
that the conversion of the bromoalizarinquinonepjTidinium liromide 
into bromoalizarinpyridinium bromide by the action of bydroliromic 
acid was a reversible reaction, 


0 OH 



and that the function of the extra molecule of bromine was to force 
the equilibrium point towards the left in the above equation. If 
this were the ease, the equilibrium should lie forced touards the right 
by (he presence of a lai'ge excess of hydroliromic acid, and conse- 
quently bromoalizarinpyridinium bromide should be obtained 
when alizarin is treated with three molecules of liromine in iiyridiiie 
solution in the presence of a large excess of pyridine hydrobromide. 
This, however, is not the case, as the presence of a largo excess of 
pyridine hydrobromide does not apjoear to affect tiie reaction 
appreciably. Xow bromoalizarinjiyridiniiini liromide is not con- 
verted into afizarindipyridinium di bromide by bromine in the pres- 
ence of pyridine, the probable rea.son being that jiyridine causes 
loss of hydrobromic acid and formation of a belaiiie * in wliieli the 

♦ Strictly speaking, a betaine is nii inU'rnai sail I'urined liy loss of waftT 
between a quaternary ammoiiiinn liydi'oxide group ami n carboxyl group 
in another purl oi the same molecule (.Meyer and -lacolison, " Lclirbucli der 
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two hydroxyl groups arc no longer intact, srj that oxidation to a 
quinoiioid compound is not possible. The function of the, extra 
molecule of bromine must therefore be to prevent the formation 
of the betaine. This it probably does by converting the bromo- 
alizarinquinonepyridinium bromide into tlio perbromidc (IX), the 
dipyridinium salt tlicn being formed by oxidation (X), addition of 
bromine (XI), union with pyridine (XIl), and subsequent loss of 
bromine (XIII) ; 



0 
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Br 
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X Br 


CsIIs Br'Bi'g 

(tx.) 

Br-Br. C^I 
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I5 Br*Br2 
(XL) 
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Crjir, Br-Br^ 

C5H5 Br 

YH5 Br 


(XIL) (XIIL) (XIV.) 


Altemati\'ely, the conversion of the per bromide into the dipyrid* 
inium salt may be due to the altornqte addition and loss of hydrogen 
bromide according to the scheme 

0 

\A-o 

(X.) /\/A 

X Br 

CVH.'jIr'Br. 

as Ortolcva (loc, cif.) has shown that pmdiniaiii salts arc formed 
from benzoquinone by tlic action of the jiyridine salts of the lialogen 


Organisclion Clioinio." 2ii(l nd., Vol. I. 11 (I'JL'p, p. T40; Boilstein, 
“ Haudbiicli dor Organisolioii Cltcmic,'' 4th ed,, Vol. IV (1925), p. (133). 
In tlic compounds utulcr considci’atioii llicjc is iio carboxyl group present, 
salt -fon nation taking ])liict‘ wltli tlie plicuolic hydroxyl group. Sneh eom- 
poiiiuls lire convenieJilly named " jihenohi'taincs " to distinguish them from 
the true “ carliohetaiiu's." In the snmi' way the authors suggest the name 
“ uitrolbetuin- ” tor those betaines derived from the nitrolic acid formula 
for the uitropjionols. 


3 2 
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acids, l)ut the former scheme for the mechanism of the reaction 
seems the more f)robable. 

In ^^ither case, the reduction of the alizarinquinonedipyridiniuni 
dibromide (XIII) to alizarindipyi'idinium dibromide must bo eheeted 
at the expense of tiie hydrogen bromide produced partly during the 
earlier stages 'of the reaction and partly by the conversion of the 
dipyridinium dibroraido into a phenobetaine. 

It may be argued- that the loss of bromine from the nucleus 
wliereby XII is converted into XIII is improbable, but Biniroth, 
Schultze, and Heinzo {loc. cit.) have shown that both bromoalizarin- 
qiiinone dihromide 'and dibromoalizarinquinone dibromide lose 
bromine very easily and pass respectively into bromoalizarinquinoiie 
and dibromoalizarinquinone, the reaction being brought about by 
water at the ordinary temperature. 

If 2 : 3-dihydroxyanthraquinone (hystazarin) is treated witli 
bfominc in P 3 nidine solution, a dipyridinium dibromide (XVII) is 
formed, but it has not been found })ossiblc to isolate this in the pure 
state, as even whwi rccryslalUsed from hydrobromic acid partial 
loss of hydrogen bromide takes place with the formation of a 
phenobetaine. Anal 3 'sis both of the partly betainised substance 
and of the betaine itself shows, however, without any possibility 
of doubt, that two pyridiniuni groups have entered the molecule, 
so that it must be concluded that hystazarin is capable of oxidation 
to hystazarinquinonc (XV), although the existence of this compound 
is not recorded in the literature. The formation of the dipyridinium 
salt must then take place by the addition of bromine to form a 
dibroraide (XVI) and subsequent pyridiniuni salt-formation and 
enolisation : 


Br II 



X< 


Br 
OH 
OH 

AT^Br 

(XVli.) 


The meclianism of the reaction is therefore similar to that involved 
in tlie formation of quinizarindipyridiiiium dibromide, but it will bo 
observed that whereas quinizarinquinono dibromide is formed by the 
addition of bromine to one of the double bonds of the quinonoid ring, 
the corresponding hystazarin derivative is formed by the addition 
of bromine to the extreme ends of a conjugated system, 

As already stated in the ease of the alizarin derivatives, the 
quinonepyridiiiiuni salt is reduced to the hydroxy-compound by 
-the hydrobromic acid formed during the reaction, alizarinquinoiio 
haring great oxidising power. On the other hand, p-naphtha- 
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quinone is a much less powerful oxidising agont and is not reduced 
by hydrobromic acid, so that when treated with bromine in pyridine 
solution the quinonepyridinium salt is obtained.' This and .other 
similar reactions are at present being investigated and will be dealt 
with in a future communication. 

As already stated, the p^Tidinium salts derived from the dihydroxy- 
anthraquinones form betaine-like compounds, and as in every case 
there are two hydroxyl groups present the ..question ari.scs as to 
which of these is involved. Although it has not been found possible 
to obtain formal proof, the evidence points .strongly to the fact that 
phenobetaine formation takes place most easily between a hydroxyl 
group in the p*positioti and a pyridinium group in the ortho-position 
to it, altliougli a similar reaction bebceen a pyridiniun) group and 
a hydroxyl group in other relative positions is not excluded. The 
evidence in support of the above contention may be .summarised as 
follows : 

(i) Qiiiniz.arindipyridinium di bromide does not form a pheno- 
betaine easily and can be recrystallised from alcohol without loss 
of hydrogen bromide, although a monobctainc is formed when it is 
treated with a basic siih.stance such as pyridine, 

(ii) Alizarindip 3 Tidjnium dibromide forms a monob(dainc easily 
when recrj'stallised from a mixture of alcohol and ether. It is 
improbable that loss of liydrogen bromide takes place between the 
pyridinium group in position 3 and the hydroxyl group in posit io!i 
1, as the relative positions of these grou])s are the same as in 
quinizarindipyridinium di bromide, mid, as already stated, this 
compound doe.s not readily form a betaine. If this is granted, 
there arc still three jiossilulities, nmhely, betaine formation between 
(rt) the pyridinium group in position I and the hydroxyl group 
in position 1, {b) the pyridinium group in position 4 and the hydroxyl 
group in position 3, and (c) the p\Ti(linium group in position 3 and 
the hydroxvl group in position 2. Of the.se alternative.s, the last- 
uainod is the mo.st prohible, as rilmann and Ettiscli [Ber., llt’l, 
54, [fi], 2G1) have shown that in the ca.^c of 2-lmIroxy-l : 4- 
naphthaquinonc-S-iiyridinium chloride hctaiiie formation takes 
place with great ease, and in this case it must take place between a 
pyridinium group and a liydroxyl group in the ortho-position.* 

The formation of a phenobetaine affords some e\idcnoe as to the 
positionof the pyi’idinimn group in broinoaIizarin]\vridinimn bnunidc, 

* Tn a future ion i( uill l)e sliowii Piaf I tie j.yri.ly] uiriiloro- 

hvflroxvlionzoqiiinonc ;ni<l tlie afl'S^'-hipyriilinuhei.zoqimHuu' utmuncl l-y 

Unh^^vi {Compl. rnnl.. ItKll. 133. Ki-O .V'. IS^S. iu ’ 19- 

I'i'otii tf'trachloj'uljoiizoquinone (ehlui'oanit) ami pyritlitie aiv n’all> pliiiai- 
lif'taincs, and the same remark a]i])!ies to tlie so-eallcd pwicPldiii.y. 
chlorobeuzoq'iinono whicli Imbert (Compi. rend., 1931, 133, 239) obtained 
by the action of alkali on the monochloro ■compound. 
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as from the method of its formation this compound might have 
either, of the structures 



Br 

C5H 


5 


or 



N< 


C5H5 

Br 


Of these, the first contains a pyridinium group in the ortho-position 
to a p-hydroxyl group and consequently a phenobetaine should he 
formed with great Qase. In practice, however, loss of hydrogen 
bromide takes place only with difficulty unless a basic substance such 
as ammonia or pyridine is present, and for this reason the second 
formula is the more probable. If this is correet, and since a pheno- 
betaine is formed under suitable conditions, the loss of hydrogen 
bromide must take place between tlic ])yridinium group and a 
hydroxyl group either in the para- or in the meta-position to it. Salt 
formation between two groups in the ineta-ix)sition to one another is 
unlikely and therefore it seems most probable that betaine formation 
has taken place with the p-liydroxyl group. There is still possible 
another structure (XVHI) in which one of the mcso-c&vhon atoms 
is involved and this has much to recommend it on general grounds, 
although up to the present formal evidence on its behalf is lacking. 



0— XC.H5 

e^H-x — 

O-XCbH^ 

(xvni.) 

(XIX.) 

(XX.) 


Zinokc and Wcisspfeniii[ig [J. pr. Chem., 1910, [ii], 82, 1) have 
found that 1 : 3-dichloro-I : 0-dinitrobenzene gives a dipyridiniiun 
.salt and that this on hydrolysis loses one its pyridinium groups, 
the resulting dinitrophenol]iyridinium cliloride at once losing hydro- 
gen chloride and passing into a betaine, the same betaine l)cmg 
obtained when 3-chloro-4 : 0-ditutropheiiol is treated with pyridine. 
To this betaine Zincke and Weisspfeniiing ascribe the formula XIX, 
but this shows a met a- bridge, and the nitroUx’tainc structure (XX) 
is more probable. 

Exactly similar compounds are obtained from both 3-nitru- 
alizarin and 4-nitroalizarin by the simultaneous action of bromine 
and pyridine, and in these cases tiie teiKbuiey to form tlie bid nine 
is so great that the compounds separate from solution in hydro- 
chloric or hydro Ijromic acid completely fn^e from halogen. The 
boiling add solutions, in which no doubt the comj)ound is present as 
its chlori(Jo or bromide, are ycllou’, but on cooling become red and 



STUDIES IN ‘THE ANTHRACENE SERIES. FART 11. 


1383 


the red, halogen-free betaine then erystal lisps out, the change in 
colour being particularly reinarkablo in the case of the 3-nitro- 
alixarin derivative. It is pr(jhal)le that the change in colour denotes 
change from the phenolic to the nitrolie form and that the halogen- 
free compounds have the structures 

Oil . •• 


rc.spoctively. 

It was thought desirable to ascertain if the.se compounds could be 
obtained indirectly from alizarin ^\ithoiit the use of free bromine 
in the presence of pyridine, and in view of the fact that halogen 
atoms attached to the arithraquinone ring system are more reactive 
than when attached to other aromatic nuclei it seemed possible that 
the broraoiutroalizarins would react directly with pyridine, Neither 
3.brcmo-4-iiitroalizarin nor 4-bromD-3-nitroalizarin has been 
described in the literature, but there was every reason to believe 
that they would be easily obtained by nitrating 3-bromoalizarin 
and by brominating 3-nitroalizat’in. Kxperiments were therefore 
undertaken on these lines, but the result was totally unexpected, 
as on nitrating 3djronioalizarLii the bromine atom was replaced by a 
nitro-group, whereas on broiniiiating 3-nitroalizarin nitrogen dioxide 
was at once evolved and Ibbromoalizarin formed. These results 
are all the more .surprising as Heller (Her., 1913, 46, 2702) appears 
to have had no d if lieu It y in nitrating 3-chlaroatizarin, and in the 
patent literature (Brit. Pat, 1205^) it has been claimed that both 
3 -nitroalizarin and 4-uitroalizarin are smoothly chlorinated by 
sulphuryl chloride at LOdh Thc^ reaction is being further investi- 
gated and will form the siiliject of a future communication. 

E X V E RIME N T A 
.-Ir/io/i o/ Bromine and Jhjndme. 

(lu Qmiiizarin .-{a) A sululion of .3 grains of iiuiiiizarin (jnirifiod bv 
rcorystallisati.ii) from xyli-no) in 30 c.c. of tioilitig pyridine «as oo- led 

• Vll the nvri.liiiium salts ilrseribotl in Otis eoinniuuication ajipear to 
Jeeo.n,»se. on'he.Ont?. it.t.t son.,- very .stnhle sohstaneo, so-thal o>, analyns 
,.as is thtlvotl Sinn Iv hn an hnnr nr tnniv after the wholn tube has be,.,. Itna. . 1 
u. ,v.l„,.ss. bnr tins rettsnn, the ealnns ob.t,ine.l fnr ntlropen arc t.sua ly 
rather Intv. TIte Inyrh valnes fnt.ntl fnr hyOrnn, ,, are tUto ,0 broom,. I -m 
ll„. silver sniral atui Itniitg t.lknn np liy llin stil|iiiune nnd m 
riii„. t.setl for aitsnri.ing Ihn 'eatnr. It Ims I'nen I”'"'''’'' 
sulpliurie m ill i.s fairly Irnsli. no hrtinnnn I'asses mto tlio polas) 
tii.lL tljo va'iiL! found tor uarbon is not alfoctcd. 
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Bs rapidly as possible, and the suspension thus obtained treated 
slowly with 2 c.c. of bromine (2 mols.), the whole being continually 
stirred and cooled'. After keeping at the ordinary temperature for 
two hours, the precipitate was filtered, Avashed with pyridine and 
with ether, and recrystalliscd from boiling alcohol (Found : 0 — 51*0 ; 
H = 4*05 ; N - 4*90 ; Br 28*6. C24Hi604N2Br2 requires 

C = 51-8; H = 2*88; N = 5*04; Br = 28*8 per cent.). 

Quinizarin-2 : ^-dipyridinium dibro7nide (III) forms a brown, 
crystalline powder which is rather sparingly soluble in alcohol, 
but very easily soluble in cold water. The aqiicoTis solution is 
purple, but becomes j>ure blue on dilution. The compound molts 
and decomposes at 27o — 277*^, It is moderately soluble in glacial 
acetic acid and erj^stalliscs from the boiling solution in minute, 
brown needles which melt and decompose at 285". Their solution 
in water reacts acid towards litmus, and the crystals contain two 
molecules of acetic acid of crystallisation (Found: C = 49‘8; 
H — 4*01 ; Br — 24*2. C24HjQ04N2Br2,2C2H402 requires C — 49*7 ; 
H — 3*55; Br — 23*7 per cent.). 

The monopheiiobetainc was obtained by mixing a concentrated 
aqueous solution of the dibroniide with its own volume of ])}T'idinc 
and heating the deep blue solution thus obtained under reflux on 
the water-bath for an hour. On diluting with a large volume of 
absolute alcohol and then cooling in ice, niicrosc()]ne, flccp blue 
needles separated. These ^^■erc collected, washed nitlL absolute 
alcohol, and dried in a vacuum desiccator (Found ; Br — 10*3. 
^24^io04N2Br,H.20 requires Br = 10*2 per cent.). 

(6) Quinizarin (2*4 grams), suspended in 25 c.c. of pyridine, was 
treated with 0*5 c.c. of bromine (1* mol.). After keeping over-night, 
the whole was poured into a large volume of cold water and the 
precipitate collected and wa.slied \vith boiling water. It weighed 
T3 grams, contained nevtlier nitrogen nor l)roniine, and was identified 
as unchanged quinizarin by its general properties and l)y the method 
of mixed melting points. 

On Alizarin and ‘<i’Bro}nofiUznriii . — The alizarin used in the 
following experiments v'as purified by recrystallisation from nitro- 
benzene, as it was found that unh.'ss this was done it was almost 
impossible to obtain products which were free from inorganic 
impurities. 

(a) A suspe^^sion of alizarin (4*8 grams) in pyrifline (50 c.c.) was 
prepared and treated with bromine (I c,e,: 1 mol.) as described 
under («) above, the whole being well stimal and c'{>oled i»i <*old 
water or a freezing inixture,''' After ke(‘piiig over-night at tlie 

♦ In tliis and it' otlier ca.scfi tli(> product is apt lu ho very IroiibU'sojm* 
to filter if the reaction is carried out belo\v’ O'. 



STUDIES IN THE ANTHKACENE SERIES. PART II. 1385 

ordinary temperature, tlie wh()lo A\as poured into water, the- 
solution aciditied with hydrochloric acid, and the precipitate collected 
and recrystallised from glacial acetic acid. It contained bromine, 
Init no nitrogen, and was identified as ll-bromoalizarin by* tlie 
method of mixed melting points. The yield wa.s 5 gram.s. 

{h) Alizarin (12 gi'ams) was suspended in 100 c.c. of pyridiiie, 
and 5 c.c. of bromine were added drop by drop with stirring and 
cooling. After keeping at the ordinajy temperature for five hours, 
the precipitate was collected, washt‘fi with pjTidine and with ether, 
and extracted with boiling dilute hydrobromic acid to remove a 
small amount of alizarindipyridiniura dibroipidc. The residue, 
rccryslallised tAvice from about 2 litre.s of boiling, very dilute hydro- 
bromic acid, formed glistening, pale brown needles and appeared 
to be unebanged after reezystallising three times from glacial acetic 
acid. It did not melt below 300"" (Found : C =- 40 - 0 ; H — 3T9; 
X^2‘68; Br — 31-5. CjgHjjO^XBr^.l-iHoO requires C — 45-2; 
H — 2-78 ; X = 2-78 ; Br = 31'7 per e(‘nt.). 

The water of crystallisation i.s ]o.st very slowly at IGO"", hut at the 
same time gradual darkening and decomposition take place, 

Bro}noaUzarf)rpyridiniuni bromide (VIII) is almost insoluble in 
cold water and very sparingly soluble in boiHng water or boiling 
alcohol, separating from the former in dark broAA'n ery.stals, A\ lueh 
iK'conm much ])aler A\hcii dried in a vacuum desiccator. It is 
(ally moderately soluble in boiling glacial acetic acid, and dissolves 
ill dilute sodium hydroxide solution to form a deep purple solution, 
from which the original bromide is rejirecipilaled on acidifying Avith 
hydrobromic acid. Bromoalizarinpyridiiiimn bromide is only 
partly converted into the betaine l'f\’ boiling Avitli alcohol, but the 
change is complete in the presence of a little ammonia or pyridine. 
Thi.s phrnohefainc forms a deep puiple, erv.-talline powder, Avliich is 
insoluble in all the msual media, but dissolves in hot dilute acids 
owing to t he formation of a salt, the sulphate, for example, separating 
in golden yellow jilates aaIk'h a liot solution in dilute sulphuric acid 
is cooled. For analy.sis, a samjile of the betaine Avas thoroughly 
washed with alcohol and etlicr and dried in a vacuum desiccator 
(Found : Br 19*9. requires Br - 20*2 per cent.). 

(c) 3-Bromoalizann (tM grams) was treated AA'ith bromine (1 mol.) 
as described under {h). After keeimig over-night, the precipitate 
wa.s collected, Avashed AAitii I'vridine and ellier. and recrystallised 
frnm a large volume of v(tv (iiluti' hydrohrmuie ludd. The product 
appeared to be idimtical in e\ery a\ ay Avilli the bromoalizarin- 
pyridiniinn lu'omide obtained from ah/.arin (bound: Br 31'5 
per cent.). 

((/) Alizarinquinone dibronude Avas prepared by shaking com- 
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mcrcial alizarin paste, in which sonic potassium bromicio had b{‘en 
dissolved, with a solution of bromine in aqueous potassium bromide. 
After two hours, the quinonc di bromide was collected, waslud 
with’ potassium bromide solution and iv'ith water, dried as far as 
possible by pressing on porous porcelain, and made into a thin 
cream with pyridine. Heat was evolved, and after standing for 
half an hour the solid was collected, washed with pyridine and Math 
ether, and recrystallised from mucli dilute hydro bromic acid. Jt 
appeared to be identical in every way with the bromoalizarin- 
pyridinium bromide described above (Found : Br ^ 31-9 per cent.). 

(e) A suspension of broraoalizarinpyridinium bromide in pyridine 
was treated with bromine ‘in the usual ivay. After keeping for 
some hours, the solid ivas collected and waslied uith pyridiiu' and 
ether. Tt was almost insoluble in cold dilute hydrobromic acid and 
was identified by its general properties as being unchanged bromo- 
alizarinpyridinium bromide. The same result ivas obtained ivlien 
the experiment ivas carried out in the presence of a large excess of 
pyridine hydro bromide. 

(/) Alizarin (4-8 grams) was treated with bromine (3 mols.} as 
described under (a). After keeping for four hours, the precipitate 
was collected and washed vdth pyridine and ether. The dark 
reddish-broM'n powder thus obtained was dissolved in SO c.c. of hut 
dilute hydrobromic acid, the solution cooled and filtered to remove 
a small amount of bromoalizarinpyridinium bromide, and the 
alizarindipyridininm di bromide preeijutated from the filtrate as 
its insoluble perhromide by the addition of bromine v’ater. This 
was collected, washed vdth water, and dried in a vacuum desiccator 
over solid potassium hydroxide* When dry, it was reduced to th(' 
dibromide by boiling witli acetone under reflux, and the dibroiuide 
collected and finally purified by rocrystallisation from boiling 
hydrobromic acid (Found : Br = 28*0. retpiires 

Br — 28-8 per cent.). 

Alizari/'idipyridiniurn dibromide (XIV) forms a pale yellowish- 
brown powder which is easily soluble in Avatcr to form a red solution, 
the colour turning to deep purple on the addition of an alkali. The 
monc-perbromide is precipitated as a yelloM' powder when bromine 
water is added to an aqueou.s solution of the (lil)romidc. It is 
insoluble or very sparingly soluble in the usual media and too 
unstable to be recrystallised, A sample was purified as far as 
possible by washing with alcohol and ether, and after drying over 
solid potassium hydroxide iji a vacuum desiccator, a weigluKl 
sample was reduced by hydrazine hydrate and the tf)tal ioniseil 
bromi ne est i m a tod (Found: B r - - 45*8. ( ^ ,4 ) ^ X o B r j r(‘( { u i res 
Br = 44*7 per cent.). If alizarindipyridinium dibromid(‘ is re- 
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crystallised from a mixture of alcohol and ether, deep blackish-red,, 
hygroscopic needles arc obtained which consik of the monopkeno- 
beiaine (Found : C ^ 58‘o; H 3'b2; 11/ ^ 10-i, ’IG-S. 

C24Hi504N2Br,H20 requires 0 =- 584; II 345; Br -= 16-2 per 
cent.). When heated, this betaine melts and deeomjjoses at about 
306°. When boiled for a short time with hydrobromic acid, it is con- 
verted back into the dibromide, wliieh crystalli.ses when the solution is 
cooled (Found : Br — 28'8 per cent.). 

A monoacetyl derivative is obtained when the di bromide is 
recrystallised from boiling glacial acetic acid. It forms yellow 
needles which melt and decompose at alxmt 308° (Found : C = 52-2 ; 
H - 3-33; X - 4-86; Br - 2011, 27d. requires 

C — 52‘2 ; H — 3*01 ; X = 4'OS ; Br — 20-8 per cent.). A small 
amount of tlie substance was warmed with a drop of amyl alcohol 
and a drop of concentrated sulphuric acid. On dilutiug the solution 
tlius obtained, a strong odour of amyl acetate Avas detected. It has 
not boon found possible to determine to wliicli hydrox}’! group the 
acetyl group is attached, hut in vic'w of the great ease with which 
tlie acetyl derivative is fornuui acetylation probably takes place 
with the same hydroxyl group as is involved jn the formation of 
the betaine. The acetyl group is \'ery easily rcmoA'cd by warming 
the compound on the water-bath Avith hydrobromic acid, and 
alizarindipyridinium di bromide crystallises when the solution is 
cooled. The acetyl group is also removed by heating at 100° 
Avith pyridine, the inonophcnobetaine mentioned aboAm being 
obtained under tlicse conditions. 

{g) In order to ascertain Avliether the reduction of the alizariii- 
rpiinoncdipyridinium diliromide (2iIII) was brought about by the 
hydrogen bromide produced during the reaction or by the hydro- 
bromic acid used during the purification of the crude substance, 
4-8 grams of alizarin Avore treated as under (/). The crude product, 
wliicli AA'as very liygroscopic, Avas thoroughly Avashed Avith ether and 
tlum dried in a vacuum desiccator Avithout further purification. 
It gave a strong odour of pyridine when treated Avith cold alkali 
and appeared to he a double salt consisting of 1 molecule of alizarin- 
dipyridinium di bromide with 1 moleeiilc of pyridine hydrobromide 
(Found : Br = 354. Fo 9 H 22 () 4 X. 2 Br 3 requires Br = 33-5 per cent.). 
It had no (piinonoid properties and did not oxidise sulphurous acid. 

{h) Alizarin was suspended in pyridine and treated^ Avith bromine 
(4 inols.) as described under (/), The proiiuct Avas AA'orked up in 
the usual way and A\as found to consist of alizarindipyridinium 
dihromide. 

(/■) Alizarin, sus])ende(l in pyridine containing a large excess of 
pyridine hydrobroniide, Avas treated Avith bromine (3 mols.) as 
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described under (/). ^ The product was found to consist of alizarin- 
dipyridinium di bromide, the excess of hydrogen bromide appearing 
to have had no hifluence whatsoever on the reaction. • 

(j)' 3-Bromoalizarin (64 grams) was suspended iii 50 c.c. of 
pyridine and treated iii the usual manner with 2 c.c. of bromine 
(2 mols.). After keeping for four hours, the product was worked 
up as described under (/) and was found to consist of alizarindi- 
P 3 Tidinium dibromide (Found : Br 28-6 per cent.). 

On Uystazarin. — A solution of hy.sta/arin * (24 grams) in 24 c.c. 
of boiling pjTidino was cooled as rapidly as possible and then 1 c.e. 
of bromine (2 mols.) Ridded drop by drop with stirring and cooling. 
After keeping over might, the proeipitatc was collected, washed with 
P3ridinc and ether, and rec^3^staliised from boiling hydrobroniic 
acid (about 15 per cent.). The product (XVII) thus obtained 
consisted of large, bro^\'n crystals, but anal 3 ’sis showed that partial 
conversion into a phenobelainc had taken place (Found : C ~ 53*7 ; 
X — 4‘89; Br — 26-0. QiHic^ 4 NnBr 2 requires C = 51'8: 
N — 5-04; Br ^ 28-8 per cent.). Owing to the small amount of 
material available, it was not possible to attempt to obtain the 
dibromide in the pure state b 3 ^ recrystallising fT'oni more con- 
centrated hydrobroniic acid. The crude sub.stanee was very easily 
soluble in \\'ater to give a brown solution, which became blue on 
dilution, the same colour being produced bv^ the addition of an 
alkali. Wlien boiled with alcohol, it was converted into a deep 
purple powder, Miiieh analysis sliowcd to consist of the nionopheno- 
betaine (Found: X^o-oo; Br=l7-1. (X^H^^CXjX.^Br requires 
N = 5-81); Br = 16-8 i)er cent.). 

On Si(rordizarin—{a) 3*Xitro»ihzarin was ju'cpared by treating 
alizarin, suspended in glacial acetic acid, with nitric acid, and was 
purified through its jiyridine additive compound (Mohlau and 
Bucherer, Farhcnchemischespraktikiim,'' 1908, p. 211), thi.s 
method being found to give excellent results. The pure substance 
(5*6 grams) was suspended in 75 e.c*. of |) 3 ri(lin(‘ and trcattal with 
2 c.c. of bromine (2 mols.) under the usual conditions. After kee[)ing 
for three hours, the precipitate was collected, washed with p 3 U'idinc 
and ether, and recr 3 ’stallised from aijncanis liydrobroinic acid. After 
drying in a vacuum desiccator over solid potassium hydroxide, il 
wa.s found to be eornplctolv free from l>ronune (Found : C — 57'S; 
Hr^4*14; X 0-75. lV)Hj/)(5Xo.2H20 requires (’^-57*3; 
H 3*52 ; X 7'(4 p(U' cent.). 

Alizarin Ilf' (XXI) forms deep I'cd 

needles wliich do not melt. It i.s almost in.^(tlul?le in water, hut 

* The sample of hystazarin n.^ed wa.s g('iii’i'ou.-.ly pn-seiitcd (o tlie authors 
by the Farbenfahrikon vorin. Friedr. thiyrr A* Co,, L('verkii.sen. 
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dissolves in boiling dilute iiydrochloric and ^lydrobromic acids to 
form yellow solutions. On cooling, the colour of these solutions 
changes to red and tho betaine then crystallises fi'ee from halogen. 
It is sparingly soluble in ])oiling pyridine and can be recrystallised 
from its solution in this solvent. 

If in the above experiment only 1 gram -molecule of bromine is 
employed, approximately half the nitroalizarin can he recovered 
unchanged from the reaction product. 

(6) 4-Nitroalizarin was prepared by niiratijig dibenzoyklizarin * 
(D.H.-P. 66811), and this method was found to give satisfactory 
results. The pure product (2' 8 grams), suspended in 35 c.c. of 
pyridine, was treated in tlie usual ma’nncr with 1 c.c. of hromine 
(2 mols.). After keeping over-night, the precipitate was collected, 
washed with pyridine and ether, and rccry.stalliscd from 500 c.c. 
of hydrohromic acid (aljout 12 per cent.). The resulting red needles 
contained a small amount of bromine, ])ut lo.st this completely 
when boiled with water (Found ; C 60“3; H ^ 3‘75; N = 7T. 

requires 0 60 0; H ^ 3T6 ; N — 7-4 per cent,). 

A/i;tari?i-3-pyra//?ii7oa-4-?o’//'oZ6c/aOzc (XXIT) forms a red, crystal- 
line powder, which is almost iusoluble in water, but dissolves in 
boiling dilute acids to form a yellow solution, from which red crystals 
separate on cooling, When heated, it decomposes without melting. 

0)1 Purjmriii and AntJiragallol. — Attempts were made to obtain 
pyridiiiiiim salts from purpiirin (1:2: 4-trihydroxyanthraquInonc) 
and anthragaliol (1:2: 3-trihydroxyanthraquinone) by the methods 
already described. In the case of purpurin a product was formed 
wliicli contained nitrogen and bromine, })ut owing to its insolubility 
it was found impossible to ohtain^it in the pure state. The crude 
product seemed to be contaminated with a large amount of bromo- 
purpurin. Similar results were obtained in tlie case of anthragaliol, 
i)ut in this case the amount of nitrogenous matter formed was very 
small. 

On 2-Hydroxyanthra(iuino)ir and XantJiopurpvrin. — {n) 2-Hydr- 
oxyanthraquinone (4'5 grams) was suspended in 50 c.c. of pyridine 

* Tlie prcpfl-rtition of dilionzoyluli/arin by heating alizarin with IkmizovI 
r-lilorido is mentioned by Selll’ltzt'nborg^T (“Die Farbstoffe,’ ISd), Vol, II, 
p. 114), who purific'd his product by rccryst alligation from alcohol. Tho 
host rosuU.s aro obtained if alizarin is heated under reflux with 3-5 parts of 
benzoyl chloride for one and a half liours on tho oil -bath at JOO . Tlie crude 
product is sufllciently pure for nitration, after washing with light petroleum 
and hot alcohol. If a purer ju'oduct is desired, it can bo obtained by recrystal- 
lisation from inothvl ethvl ketone, from whieli solvent it separates as yellow 
needles. A sample imrifled in thi.^ way melted at 187^ and the melting 
point did not flninge after three fui tlier recrystallisalions. Schiit zonberger 
gives an m dysis of the compound, but (loe,=? not mention the melting pomt. 



IJiOO STFDTES IN THE ANTHRACENE SERIES. PART II. 


■and treated in the ^sual manner with 3 c.c. of bromine (3 mols.). 
After keeping over-night, the red, crystalline precipitate was 
collected, and ^^ashed with a little pyridine and then with ether. 
It consisted of a pyridine additive compound and was decomposed 
by boiling, dilute hydrochloric acid, the resulting yellow precipitate, 
rocrystallised from xylene, being identified as 1 : 3-dibromo-2- 
hydroxyanthraquinono, m. p. 214—215'^ (Found : Br == 41'8 per 
cent.). The yield was G*85 grams, equivalent to 90 per cent, of 
the theoretical. The same compound has previously boon described 
by Baeyer {Annakn, 1880, 202, 136), who obtained it by heating 
tetrabromophenolphthalein with concentrated sulphuric acid at 
150^ for eight hours. He gives the melting point as 207—208°. 

(h) Xauthopurpurin was prepared by reducing purpurin with 
sodium hyposulphite in cold ammoniacal solution (D.H.-P. 212697). 
The reaction was found to take place very smoothly and to 
yield a product which was easily purified. The pure product 
(2‘4 grams), suspended in 25 c.c. of pyridine, was treated in the usual 
manner with To c.c. of bromine (3 mols.). After keeping over-night, 
the whole Avas poured into water and boiled Avith excess of dilute 
hydrochloric acid. The yellow’ precipitate of dibromoxantho- 
purpurin thus obtained Avas collected, Avashed, and rccry.stallised 
from tctracliloroethanc. It melted at 225—226°. The same 
compound has pre\'iously been prepared by Plath {Ber., 1876, 
9 , 1205) by brominating xanthopurpurin, and by Heller {ibid., 
1895, 28 , 315) by los.s of Awater from 3 : 5-d ibromo-2 : 4-dihydro.\y- 
benzophenone-2'-carboxylic acid. They giAT the melting point 
as 227 — 230°. 

I 

Aiiejnpt to Prepare Bromonitroalizarin. 

{a) Ten grams of 3-bromoalizarin Avere suspended in 80 c.c. of 
glacial acetic acid, and 4 c.c. of nitric acid {d T42) added. After 
keeping over-night at the ordinary temperature, the aaIioIc Avas 
warmed at 40 — 45° for tiiirty minutes, cooled, and filtered. The 
filtrate wa.s found to contain free bromine. The precipitate Avas 
Avashed and then purified by rccrystalii.sation first from glacial 
acetic acid and then from methyl ctiiyl ketone. It contained 
nitrogen, but no bromine, and A\'as identified as 3-nitroalizarin by 
the method of mixed mcHing points and by conversion into the 
ppidiniuinnihrolbetaine. 

(b) 3-Nitroalizarin {2'8 grams) Avas su.sponded in 100 c.c. of glacial 
acetic acid, and O'G c.c. of bromine added. The whole was warmed, 
cA’olution of nitrogen tlioxide commf'ncing at about 50°. On 
gently boiling under rellux, tJie nitroalizarin slowly dissolved and at 
the end of two hours the clear solution Avas cooled and the ciystalline 
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prcciplUite collected <and rccry.stalliscd from gl.icial acetic acid ' 
The product contained no nitrogen and was iientiiied a,s S-broino-’ 
alizarin by the method of mixed melting points, 

Summary. 

The beliaviour of certain hydroxyanthraqninonos when treated 
with bromine and pyridine has been examined and it has been found 
that : 

(i) MonohydroNyanthraquinoTies and dihydroxyanthraquinones 
in which there are not two hydroxyl groups present in the ortho- or 
para-position witii reference to one another are, l)rominated. 

(ii) Alizarin under suitalile conditions gives 3-bi'unjoalizarin. 

(Hi) Alizarin, 3-})romoalizarin, 3-Mitroalizarin, 4-nitroalizarin, 

quinizarin, and liystazarin all give pyndinium sails. 

(iv) These pyridinium salts all pass into betaines with varying 
ease. 

It has also been found that .‘i-bromoalizarin on nitration gives 
timitroalizarin and that thi.s is reconverted into 3-bromoalizarin 
when treated with bromine, 

Fn conclusion, the authors desire to express their thanks to British 
Dvestuffs Corporation, Ltd., for the supply of anthraquinone 
derivatives, to tlie 8outh Metropolitan Gas Oo,^ Ltd, for the supply 
of pyridine, and to the Researeli Fund Committee of the Chemical 
Socitdy for a grant which has partly defrayed the expenses of this 
research. 

Dkpafitment of OnoANir Cremistry, 

‘Sir John Cass I'ik'hxk ai, iNsTAriE. 

Jewry St, A lug ate, Lonuox, E.C.3. 

Jhceived, May ISih, 1922.} 


('LXI \\ — Beciprocal Induced Polarity Effects in Cresols 
and their Derival irC’^. Properties of the Isomeric 
M ethoxyhen zyl Brom ides. 

By AuTitCR LAPwoinm and JoHX FL\ldwix SnoES^irrH. 

Tut: total inlluenec which one atom or group exerts on the pro- 
jiertie.s of another (‘Isewhere in the same molecule *is doubtless 
highly comjilex and ])robably tlie resultant of several siinuitaneous 
clleets. d’liere a])])('ar to be. for example, (u) general polar effects, 
('(■rlain atoms tending to raise or lower the affinity of the molecule 
as a wiiole for an electric charge (Fliii'scheim, T., IDOt), 49, 1627; 
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compare also Manchesier PhiL ,Soc., 1020, 64, ii, 1 et .scq.. 
and Kcrmack and Kobiiison, this vol., ]). 428 el seq.), [b) indum] 
polar effects, and (c) stcric effects. It is as yet scarcely possible 
to dehne precisely the proportion attribiitablo to each of these 
in any single instance, but there is some reason to suppose that the 
range and periodicity peculiar to each type of effect may fnrnisli 
a moans of doing so. Thus a property which is found to 'rise aad 
fall alternately in proceeding from one atom to another in order 
may be suspected to be one influenced by induced polarity effects. 
8toric eirecls are likely to recur at longer intervals, probably of 
five or six atoms in saturated, open-chain compounds ; whilst genei-al 
polar effects are likely to- be periodic only when associated 
stcrie effects, with whicli, therefore, they would probably agrr^e in 
periodicity. 

Systematic measurements, therefore, may ultimately make it 
possible to foretell the total result of the combined general and 
induced polar effects produced on replacement of one atom or group 
in a molecule by another, but at present the data are insuffieieiit, 
and comparisons of properties are liest restricterl to those of position 
isomerides or to tliusc of different atoms in one and the same com- 
pound. Even as it is, general polar and stcrie influences cannot 
^\■hoUy be eliminated in studying the operations of induced alternate 
polarities, but some assistance may be derived from the circumstance 
that sterie influence appears to be effective only when the 
atoms concerned occu])y certain relative positions— for exainplc, 
ortho -positions in benzene di- derivatives, and x-positions in open- 
chain carbonyl compounds. 

Attention was recently diroeted by one of us to the properties 
of the isomeric cresols {Mem. McvicJmler /Vo7. Soc., 1920, 64, ii. 
10). Using the generalised diagram 



on 


and assuming that the liydrogen atoms of a metltyl group atlaelicd 
to an aromatic nucleus can act as " positive key atoms -mi 
assumption conveyed by the dots attached to their polar signs, 
the induced polarities to be expected arc indicated. In the case 
of the ?n-hydroxyl group, tlu' natural relative polarities of tlie atonic 
(with which the capacity for ionisation is associated) an*, as the alx'vc 
diagram shovas, enhanced by the induced ones, whilst in the* u- am! 
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;j.Iiydroxyl groups the imiiitod polarllies are the opposite sense' 
to the natural polarities ; this is in agreement with the. measure- 
ments of Dawson and Moiintford (T., 1918, 113 , <)37), who found 
that w-cresol has a higlier ionisation constant than either o- or 
p-cresol. It was further suggested that, as the o-hydroxyl group 
is separated from the methyl group by fmver intervening atoms 
than the p-hydroxyl group, the lower ionisation of o-cre.sol as 
compared with p-cresol is explained; the .authors now think 
however, that much value must not be attached to this point, since 
ill other cases, including those dealt \^■jth in the jiresent paper, 
the order whieh di-derivatives of benzene shmving induced polar 
effects usually take is para-ortho-meta, whilst an induced polar 
elTcct alone would be exjiected to give rise to the order, ortho-para- 
meta. The frequent displacement of the ortho-compounds from 
what would appear to be tlieir natural positions may be due, cither 
to the special force of steric effects in the ortho-positions or to a 
tendency of activated forms to assume p-quinonoid rather than 
e-quinonoid configurations. 

The agreement between the rec[uirements of the principle of 
induced alternate polarities and the observed properties of the three 
cresols being so striking, the authors decided to direct their attention 
to the possibility of demonstrating that such effc'cts may be recip- 
rocal and that the elements of the hydroxyl group — more particu- 
larly the oxygen atom Jiiay in turn alFeet tiie properties of the 
methyl groups in similar alleniating manner. Thus the hydrogen 
atoms of the methyl group in ?n-cre.sol should exhibit an enliaiiecd 
positive polar character in virtue of the position of the strongly 
negatively polar oxygen. Definite* p(dar cliaracter in hydrogen 
directly attaclicd to carl)on is, however, not easy to detect except 
in association with certain complexes, and it appeared likely that 
the point could b(' demonstratc'd !uorc readily by studying the pro- 
perties of halogen in a similar positiun. (treat practical difficulties 
eunnected with tlie pro])erties of li\'droxy benzyl haloids also made 
it necessary to use their nietliyl ('tliers, the methoxybenzyl bromides. 


ClI^-Br CHyBr CHyBr 

\/t 'xy- 

^h'dio. O'CTIjj 

ParfK 


In tiioe lliree eom[)ouiuU the oxygen atoms, acting as negative 
key atoms, were expected to give rise to the induced polaiities 
indicated in the formuhe, The o- and p-isomcrides thus contain 
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halogen with their • natural negative ' polarity enhanced, whilst 
in the m-isomeride the opposite is the case. 

The test on which the authors relied for comparing the nogal ivo 
polarity of the bromine atoms was based on the double decomjjosi- 
tion of the halogen compounds with alkalis 

X— Br -b Na— OH X-OH + Na— Br. 

In accordance with this polar reaction, the eom 2 Jourids witli more 
'' negative " halogen, namely, the o- and ^-compounds were expected 
to react most readily with alkalis, and the exjieriment confirmed 
this expectation in 'full, for the w-coni pound reacted very much 
more slowdy than did the other tw’o, which, except as emulsio?i,s 
(in wBich case relative solubilities arc confusing factors), lost their 
bromine as bromidion so rapidly that the velocity of reaction could 
not be measured. There was evidence that the o-com pound was 
slightly less reactive than the p- com pound either when emulsified 
or when in solution. 

Halogen, as one of us has previously showm, may exhibit reactions 
in wdiich it appears to behave as with a positive polar character 
{Mem. Mancke.sfer FhiL Soc., 1920, 64, ii, 8). Thus, when situated 
in the a-2)ositioii in ketones, and e^'en more markedly in that ])Ositioii 
in 1 : 3 -diketones, 1 : 3-ketonic esters, and ma Ionic esters, it is known 
to be very readily re 2 )laced by liydrogeu. Tins sometimes happens 
when liydrogen bromide is present, as in the case of a-bronio- 
acetoacetic ester, 

X“Br + Br-H -> X*H + Br-Br 

and more frequently with hydrogen iodide, in which case the pre- 
ceding equation nuw, of eoiirse, be modified tlius : 

X— Br 1— H^ X— H -f Br-I 

Br— 1 -r I— H -> HBr -f J, 

More recently Xicolct (dmrr. Ckem. ■/., 1921, 43, 2081) has inter- 
preted re])lacenient of iodine l)y hydrogen in certain aromatic 
compounds as due to " 2 )osilive halugeii " on similar grounds. 

The induced positive i)o!ar character of the bromine atom in 
w-methoxybenzyl bromide suggested that the reactivity " 
the three isomerides wlieii t(’st('cl as to their ease of n'duction hy 
hydrogen iodide should })e the inverse of that observed when tested 
by the ca.se of hydrolysis. Experiment entirely confinnetl this 
surmise. Wliilst the contrast Udwc'en tli(‘ u/-(M>ni])ound and tlu‘ 
other two isomerides was not so very grcait us faTore, it was still 
very decided ; and this fact })rovides, in ooinbinatioji with the oilier 
data given in this 2 jaj)er, a striking example of the aj)plicability 
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of th© principle of induced altcrncite polarilics H’hen sources of con-" 
fusion can be to a considerable extent eliminated. 

fn the following figure are shown in continuous lines curve.s \\;liich 
correspond with one series of measurements made on the hydrolysis 
of the three isomerides under eomparabie conditions, and three 
others, in interrupted lines, corresponding with a stude.s of mcasure- 
menls on their reduction by hydrogen iodide. The inversion 



Tui\‘ {minuU\<). 

. 1/1 nz '/l })ri)iitldc)^. 

Full oj liii(lrol;(fti.c. 

liitirruptid liHi:6- -i'urvis of mluclton. 

of the order of reactivity in passing from one reaction to tlie oth'u, 
the clear separation of the ///-derivative from its isomerides, which 
do not greatly ditler from one another iji both reactions, is clearly 
seen. 

K X r ]: n i m e n t a l. 

PrviKimiion oj ih. MiOioxijhoizyl Bromides. 

A long sorii-s of expc'rinients which were made by one of us with 
the object of prt'paring tlie three isomeric methoxybenzyl alcoholg 
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'and the corresx)oiidmg bromides in quantity from the cresols will 
be (lealt witli in another communication. In the present paper 
will .be described only the more important observations made in 
connexion with the conversion of the isomeric hydroxybcnzaldehydes 
into the corresponding methoxybenzyl bromides, and the properties 
of the latter. . 

o-Hydroxybenzyl alcohol was obtained in the most satisfactory 
yield (70 per cent.) by the reduction of salicylaldchydc (12 grams), 
emulsified in 100 c.c. of water, with carefully washed, l-o per cent, 
sodium amalgam (300 grams) in presence of sodium hydrogen 
carbonate (about 23 grams). Addition of the amalgam and bi- 
carbonate was made gradually, with constant shaking and coolin^f. 
The subsequent isolation of the alcohol by acidification, extraction 
with ether, and removal of unchanged aldehyde by means of sodium 
hydrogen sulphite solution need not be described in detail, but it 
is desirable to note that great care must be exercised to remove 
all traces of acids before attempting to proceed with purification 
of the alcohol, otherwise resinification may take place with serious 
loss (compare Manasse, Ber., 1894, 27, 2411 ; Ledercr, J. /^. Chem., 
1894, [ii], 50, 22o). 

0 -Methoxybenzyl alcohol was be.st obtained by alkylation of the 
hydroxy- alcohol in the mode recommended by Pschorr, Wolfe, 
and Buekow [Ber., 1900, 33, 1G5). Attempts to prepare it from 
o-methoxybenzaldehyde by reduction or by the Cannizzaro reaction 
gave poor yields or impure products. Tlic product u.sed for conver- 
sion into the bromide boiled at 240—247° at atmospheric pressure. 

o-Methoxy benzyl bromide was made by passing gaseou.s hydrogen 
bromide into a solution of o- methoxybenzyl alcohol in twice its 
volume of cold dry benzene. Tlic solution gradually became turbid 
and green, and after two hours was separated from the watery 
deposit, dried over calcium cliloride, filtered through glass-wool, 
and fractionated under reduced pressure. The bulk of the bromide 
boiled at 118°/18 mm., and analysis for ionisablc bromine showed 
it to be pure. 

w -Hydroxy benzyl alcohol was readily obtained in 80 per cent, 
jdeld by reduction of the corresf)onding aldehyde with sodium 
amalgam, as described in the case of the corresponding ortho- 
derivative. 

?n-MethoxyuenzaldeIiydo was made in SO ])er cviii. yield by the 
interaction of n/-hydroxybenzalde]iytle, aqiu'ous sodium hydroxide, 
and methyl .siiljdiato in molecular proportions, tlie reaction being 
eonqdeted by Imiling for several hour,'^. 

w? -Methoxybenzyl alcohol was obtained l)y tlio action of 2o 
cent, aqueous potassium hydi'oxide on the aldehyde, or in better 
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yield (50 per cent, of tlic theoretical) l)y reducing the aldehyde,, 
suspended iu ’watci, vitli isodiuni amalgam, dhe mcthylatioii 
of w-hydroxybenzyl alcohol (1 mol,) by the action of-mothyl .sulphate 
(4 mols.) and potassium liydroxidc dissolved in methyl alCohol 
also gave yields approximating to 50 per cent, of the theoretical; 
with a larger proportion of alkylating agent, a product contaminated 
with much dialky 1 derivative is formed. 

?n-Methoxybenzyl bromide was prepared in much the same way 
as that above described for the preparation of the ortho-compound. 

] t boiled at 127°/ 16 mm.-*' 

p-Methoxybenzyl alcohol (anisyl alcohol) was made from anis- 
aldehyde by the Cannizzaro reaction, .The product, after one such 
treatment, was not pure (compare Spiith, Monaish., 1913, 34, 1995 
el seq.) and did not yield a satisfactory bromide; it was therefore 
found necessary to treat it a second time with 25 per cent, alcoholic 
potassium hydroxide, when the recovered p-methoxybenzyl alcohol 

boiled at 255 - 257° or decidedly higher and within a narrower 

range than after the single treatment considered necessary by 
Spatli (/oc. dt.). 

p-Methoxybeiizyl bromide, prepared by the same method as 
was used for the isonierides, had to be distilled under a pre.ssure 
not exceeding 16 mm., otherwise decomposition took place, it 
boiled at 128 — 129°/16 mm. 

(a) Hydrolysis of the EmuUified etfionjhenzyl Bromides. 

The following data were obtained by merely emulsifying the three 
bromides with standard sodium hydroxide at constant temperature 
and determining the diminution iri»titre against standard acid after 
various intervals of time. Tlie emulsions were agitated during 
liydrolysis by a meclianical stirrer of constant cfficiency^ As the 
systems were not liornogeiieoiis, the results cannot be utilised for 
calculation of true relative velocity' constants, but the numbers 
illustrate very clearly the great differences iu reactivity of the three 
isonierides and cannot be explained by differences in solubility 
alone. 

In the following tallies, the numbers under i are the intervals 
of time in iuiiuite.s wliieh had elapsed since the initial mixing and 
the withdrawal of the saniple.s for analysis, whilst those under r* 
are the percentage quantities of the compound hydrolysed dining 
those intervals, calculated on the assumption that one molecular 
proportion of sodium hydroxide is neutralised by the hy’droly^sis 
of 1 molecule of the bromide an assumption justified by the results 

* Ifc is worthy note tliiit of fht' tlireo iiicthoxybenzyl broniidos, the 
meta-comr'OiuKl iius tlie nuMt iinn’ktxi lacliryinatory properties. 
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obtained by following the hydrolysis of sfimplcs of tlie three bromides 
to completion. 

(fl) o-Metkoxyhe.nz\jl bromide. 


0 ) {”) 

Tomperature r);")® 20“ 

Wt. of bromiflo 0-8824 gram 0-C785 gram 

Alkali used 2,10 c.c. of iV/40-NaOH lOO o.c. of iV/lO-NaOip 

t. .r.* ^ t. X. t. X. 

2*5 87 *0 ■ 77*5 00-(J 15 00-5 

7*5 (i2-0 157*5 90*0 80 100-0 

17*5 70*0 237*5 99-() 45 100*0 

37*5 78*7 , 7'5 04-7 

[b) p-MethoxyheNzyl bromide. 

Temperature 55“ 20“ 

Wt. of bromide 0*831 gram 0-7850 gram 

Alkali used 250 e.e, of A/40-NaOH 100 o.e. of A/lO-NaOH. 

^ .r. t. X. 

2*5 75*4 37*5 97*9 The substnnec was almost 

7-5 90-8 77-5 99-4 eompletely hydrolysed 

17*5 94*8 after 2*5 Joiriutes. 

(c) m^Mefko.rybenzyl bromide. 

Temperature 55“ 20" 

Wt. of bromide 0*934 gram 0*8988 gram 

Alkali used 250 e.e, of A;40 -X(iOH 100 c.e. of Ab'lt)-NaOII . 

h .r. t. X. t. r. 

7-5 I-O 77-5 43-1) 45 2*4 

17-5 13*3 157*5 l)(i-7 105 4-0 

37-5 2T0 15 1-0 185 5*4 


{b) flydroJij.jiis of DiisoJved Jlctho.i'ybenzyl Bromides. 

Owing to tlK‘ extremely high speed at which alkali.s act on tlio 
0 - and p-bromides, it has not been found possil>le to mca.sure tlie 
speed of the reaction in dilute alcohol at 25'k 

U.sing as solvent alcohol, containing about 20 per cent, of water, 
p-inethoxybenzyl bromide, initially at concentration aboul. 1 jter 
cent., was almost complet(‘ly liydrolysed in five minutes after being 
dissolved, even in absence of alkali; the o-isomeride was not com- 
pletely hydrolysed in the same time, but no satisfactory determina- 
, tions of the small quantity of unchanged bromide could be prac- 
ticable, Under the same eondition.s, wi-methoxybenzyl l>romidc 
(0*1824 gram* per 100 c.c. of dilute alcohol) was hydrolysed to (he 
extent of 10, 20, and 33 per cent, in 24, 4S, and 72 liours, respectively. 

W'ith exce.ss of 50-sodium hi'droxidc (solvent — alcohol of 
about 00 per cent.), the results witli the o- and p-i.somerich's were 
much as in absence of alkali, hydrolysis being almost complete in 
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five minutes, but being less rapid with the o- than witJi tlie p-com-' 
])(mnd. A regular curve of hydrolysis was obtained in this as in' 
the following instance and all previous ones, witJi tlie m-isomeride, 
13, 30, and dO per cent, being hydrolysed in thirty-five, one hundred 
and fifty-five, and three hundred and fifteen minute, s, respectively. 

The same remark.s apply to the observations made with A/10- 
sodiuni hydroxide in Od per cent, alcoiiol ; but all the .changes took 
place more rapidly; witli the m-isoineride, 37, 80, and OG per cent, 
was hydrolysed in thirty-five, one hundred andhfty-five, and three 
liundred and fifteen minutes, respectively. 


(r) Reduction of the' Methoxyheyizyl Bromides by Means of Hydrogen 
iodide. 

The tendenc}’’ of the.se Ijromides, especially the para-compound, 
to resinify in presence of moi.st hydrogen iodide led to the use of 
anhydrous acetic acid as solvcmt. Hydrogen iodide was prepared 
hv a slight modification of the method recommended by Xorris and 
Cottrell {Amer. Chem. J., 1800, 18, 97), freed from iodine by passing 
it through a U-tuhe containing moist red phosphorus distributed 
on 2 :lass-wool, and (lri('(I by Jueans of phosphoric oxide. The 
solution employed in the reductions contained 0*4464 gram of 
HI per c.c, 

Tlie reactions were carried out as follows in a thermostat main- 
tained at 35°. 

A ([uantity of tlie metho.xyhcnzyl bromide' wa.s weighed in a small 
stoppered vc.sscl, 5 c.c. of the Ijydrogcn iodide solution were added, 
and reduction was allowed to proceed. Aliquot portion.s of the 
solution were removed at iiitcrvals, diluted with a large bulk of 
water, and titrated with A/lO-sodium thiosulphate. 

In tlie following tables are given, under /, the time, in minutes, 
whicli had elapsed between the initial mixing and the withdrawal 
of tlie sample of solution, and, under .r, the percentage quantity 
of h-oniide reduced, calculated on tlie as, sumption that the iodine 
liberated was produced in accordance with the equation. 


(a) o-MefJioxyhenzy} bromide. 

(i) 


i. 

i> 

15 

3.“. 


1(15 


I'O 

lo-.-) 

2(j'S 


Weight taken in ( (i) 0-772 ; 
gram. [ (ii) 0*395. 


fii) 


a 0 

ir, 3-2 

35 -'0 

Tf) 10-9 

1 7 0 2 3 ■ 5 
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{h) p..MelJmybar.ijl bromide. f ^ 

' ' ^ . gram. [ (n) 0415. 


0) iM) 


5 

0'7 

5 

1-5 

15 

14 

15 

2'3 

35 

2-0 

35 

I’O 

75 

3-9 

75 

30 

105 

5-8 

195 

3-9 

■Mefhoxyhoi^yl bromide. 

Weight taken in 
gram. 

f (i)' 
\ (ii) 

(i) 


bi] 

1 

5 1 

40-8 

'5 

37-0 

15 

SO'G . 

15 

79-5 

35 

89-7 

35 

9.3 Cl 

75 

9:-4 

75 

98-5 

175 

99-8 

175 

98-0 
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CLXV , — Decomposition of Benzyl Disidpkoxkk, 

By John Ar^istrong Smyth e. 

The chemical reactions which the mono- and tetra-sulphoxidcs of 
benzyl undergo when heated ir^ a dry state and in presence of acetic 
anhydride have been described in past communications (T., IDOh, 
95, 349; 1914, 105, 54B), and the study of the decomposition of 
benzyl disulphoxide has been undertaken with a view to compaibig 
it with the mono- and tetra-sulphoxides. The results, which show 
several analogies in behaviour and some important differences, 
may be epitomised as follows. 

The disulphoxide (m, p. 109') in the dry state is decomposed at 
lo0^ yielding only l.)-3 out of a possible 23 per cent, of its M'eight 4 
sulphur dioxide, 'Jlie same decomposition evidently takes place 
when the compound is heated with acetic anhydride at 150^ in a 
scaled tube, for the same amount of sulphur dioxide is liberated; 
the other products are benzyl monosul])hide, benzyl disulpliidc, 
benzaldehydc, benzyl acetate, aiid benzyl aeetyl sulpliide (bcuzyl 
thioacetate). From the occurrence of the last compound, it is 
immediately evident that benzyl mercaptan is one of the primary 
products of flecompusitiori. 
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To account for these facts it might be assumed that a portion o£ 
the disulphoxide suffered simple decomposition into benzyl mono- 
sulphide and sulphur dioxide, and that a reaetion of oxidation and 
reduction then set in between monosulphide and disiilphdxide, 
whereby monosulpb oxide and disulphide were formcal ; the proved 
resolution of the monosult)hoxide, in these circujvistaiiees, into 
mercaptan and benzaldeliyd(^ along with certain seeondary reactions 
to be detailed presently, would then account for, all tln^ observeal 
products. Experiment shows, however, ihat'fhe yield of sulphur 
dioxide is unaffected by intentional addition of benzyl sulphide, 
so that this interpretation is evidently faulty. ^ 

A more probable supposition is that, initially, two concurj-ent 
reactions take place, namely, simple decomposition, as postulat<'d 
above, and some such reaction (jf autoxidation ami reduction as is 
represented by the equation : 

3 (ryi- *0112)282^2 d- 2CeH5‘CKO a 

2(.dHyOHySH-i-2S()^. 

From the constancy of the }'ield of sulpliur dioxide, these reactions 
would a})pear to be equally alfected by change of conditions. 

Onec thc.se products have entered the system, tliere are several 
opportunities for further changes to take place. It has been shown 
that mercaptan reduces the disidphuxide to benz}'! disulphide, and 
i.s itself oxidised to the same c( impound, in presencf^ of acetic 
anhydride; tins seeondary reaction obviously accounts for tlic 
large yield of disulphide. 

Whth respect to the two li((uid products of reaction, the benzyl 
ester and the tnio-ester of acetic acid, it has been shown that they 
arc formed .simultaneously by (he rlhccf condensation of mercaptan 
and acetic anhydride and, presumably, the production of the benzyl 
ester iin’olves the loss of tlu* elements of hydrogen sulphide from the 
reacting substances, though nu evidence of this has been obtained. 
The relations between the two, as produced by the decomposition 
of the disulphuxkle, are worthy of comment, for the experiments 
clearly indicate that at a temperatuiX' barely liigli enough to promote 
the decomposition, the ester is go'atly in excess of the thio-ester, 
whereas at a temperature* al)out dU liigher, the proimrtioii of ester 
to thio-ester is only about 2 : 1. 

In tlie sealed tube experiments, the liberated mercaptan fauE 
itself in contact with tliree (Compounds cajiablc of reariting with it, 
namely, benzyl disulpiioxldt*. acetic anhydride, and benzaldeliyde. 
The velocities of its reaction with the lirst tv u of these are so great 
that, for all practical purposes, condensation between mercaptan 
and ald-hyde doc's md tain* ])lace, The \ elocity of reaction between 
uiereaptan and acetic anhy<lnde, ^\hereby the thio-ester is produced, 

VOL. eXXi, : ^ 
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increases greatly with temperature; at 130° it is small compared 
with that between inercaptan ani disulphoxide, at 160° it is re- 
sporisible for a 'Considerable yield of thio-ester. The concomitant 
reaction, leading to the formation of benzyl ester, is probably but 
slightly indueneed by change of temperature ; but at the lowest 
possible temperature at which decomposition of the disulphoxide 
takes place, it is much more important than the normal teacUon 
by which the thio-ester is produced; in fact, one of the most 
interesting results bf this study is the discovery of the conditions 
favourable to the almost complete suppression of the normal 
reaction between luercaptan and acetic anhydride. The mutual 
oxidation and reduction of mercaptan and disulphoxide is essentially 
a low-tcmpcrature reaction, the velocity of which at 130° is com- 
parable witli that leading to the formation of benzyl ester, but 
very much greater tlian that of the normal reaction whereby tlie 
thio-ester is formed. 

It follows from these considerations that the final composition of 
the system must vary according to the temperature of reaction. 
The Ljuantitative data for one experiment, carried out at 130", 
and expressed in percentages of the weight of disulphoxide decom- 
posed, are : benzyl disulphide, 40 ; benzyl monosulphidc, 10 ; 
sulphur dioxide, 15. Tliese data give information concerning the 
destination of all the sulphur in the disulphoxide, except that which 
passes into mercaptan. Allocating the remaining sulphur to tliis 
compound and the carbon and hydrogen left over to benzaldehydc 
and water, the following eiiuation is obtained : 

15(CeH5-CH2)2S.,02 = 7(C6n,‘CH2)2S2 + '2{L\H + 

8CeH,*CHO .f + lOSO^ + 2H,0, 

and this corresponds with the formation of disulpliide, 41-3 ; sulphide, 
10-3; and sulphur dioxide, 15*3 per cent., in good agreement with 
the experimental values, and allowing also for liberal yields of 
benzakleliydc and the products derived from mercaptan. This 
equation, it may be added, can be simply derived on the basis of 
the constituent reactions discussed above, assuming that of ilic 
fifteen equivalents of disulphoxide concerned, two sulTer simple 
decomposition yielding sulphide and sulphur dioxide; twelve the 
more complex change reponsible, among other things, for the 
mercaptan ; and the remaining erne, reduction by half (four equiva- 
lents) of tlm mercaptan produced in the second reaction. 

E X F E R I M E N T A h. 

The decomposition of benzyl disul])lioxide in the dry state 
studied particularly with a view to the estimation of tlie sulplmr 
dioxide evolved. Tor this purpose, the pure compound is licated 
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at 150‘^ ill a gentle stream -of carbon dioxide, ^nd the emergent gases 
are passed into standard iodine solution. For samples weighing 
about 1 gram, the reaction is complete in half aii hour; duplicates 
agree well, and the weight of sulphur dioxide averages 15'3 per 
cent, of the weight of disalphoxide. The residue contains benzyl 
mono- and di -sulphides, smells strongly of benzaldehyde, and 
occasionally of homyi mercaptan. 

There is no indication of any change when tho disulphoxido is 
boiled for six hours with acetic anhyd^id^^ hut in a sealed tube 
reaction is complete after six hours' heating at 150°. Although a 
good deal of sulphur dioxide is present, there is no pres, sure observed 
in the tube on opening it, a fact to be explained by the excessive 
solubilitv of the gas in acetic anhydride. Tlie products of reaction 
are distilled in a current of steam. Mucli sulphur dioxide is dis- 
engaged, acetic acid and a heavy oil are driven over, and there 
remains a non-volatile residue. The aqueous distillate is made 
slightly alkaline with sodium hydroxide and extracted with ether, 
and the ethereal solution shaken well with a concentrated solution 
of sodium hydrogen sulphite. On keeping over-night, a good crop 
of crystals is obtained, from which, by distillation with sodium 
carbonate, benzaldehyde, identified as its hydrazonc (m. p. 157 ), 


is regenerated. 

The ethereal liquor from the crystals is w’ashed with water, dried 
with calcium chloride, and distilled in order to recover the oil in 
solution. The composition of this oil varies according to the 
temperature of decomposition of the disulphoxide. When this 
docs not vary much from 150°, the greater part of the oil boils at 

oqp and has a .strong mcncaptan-Iike odour, although it is 

quite free from mercaptan, for when shaken with a solution of 
iodine the colour is not discharged. The composition of the oil 
was determined in the following manner, Ihtal sulphur w^as 
estimated and found to be 7’SS per cent. A portion was hydro ysed 
with alcoholic potassium liydroxide, under rellux, for half an hour. 
After cooling, addition of hydrochloric acid set free benzyl mercaptan, 
mid the acid solution was well shaken wiih excess of standard iodine 
solution and then titrated with standard sodium thiosulphate In 
tliis way, the yield of mercaptan was found to 274 per een 
tlic weight of tlie loaterial l.ydroly.ed. From to rUo orvs hat 
tlic oil contained 36'7 per cent, of benzyl fhioaceyte (the other 
constituent being benzyl acetate, as was proved in the manner 
described below), and this mixture sliou d contain 

sulphur, which is in fair agreement with the value found^ The soUd 
forlaed in the titration experiments by ttic action oHodme on 
mercaptan was iileutilied as benzyl disulphide, in, p. il ■ 
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‘ When the disulpho:^ide is decomposed at a higher temperature 
(up to 180”), the yield of heavy oil increases ; at a lower temperature, 
it decreases and changes in composition. Thus, in one experiment, 
when the temperature did not exceed 130°, more than half of the 
disulphoxide was recovered unaltered and the volatile oil, after 
removal of benzaldehyde, had a pronounced fruity smell and boiloil 
at 205 — 210°. By hydrolysis of this with aqueous sodium hydroxide 
and oxidation of the liberated alcohol, this oil was proved to he 
benzyl acetate, containing a small amount of benzyl thioacotate. 

TTie residue non-volatile in a current of steam solidified on cooling 
and was submitted to pu exhaustive process of fractional crystallisa- 
tion. Two products only were isolated, namely, benzyl sulphide, 
m. p. 40° (Found : S 15-00 per cent.), and benzyl disulphide, 
ni. p. 81° (Found: 8 — 20-22 per cent.). Although Ixmzyl tri- 
snlphidf' and benzaldcdiyde benzylmercaplal were expected, and 
careful sc'areh was )nade for them in tlie ju’oducts of two different 
decompositions, no trace of eitlier was found. 

The fpiantitative aspect of the decomi)osition of the disulphoxiilr 
vas studied in one example. For the estimation of sul])hur 
dioxide, tubes containing 1 gram of tlie compound and 5 e.e. of aetdic 
anhydride were boated in the same furnace witli a tube containing 
10 grams of disulphoxide and 30 e.e. of acetic aniiydridc. The 
results were : 16 grams of disulphoxide yield 8 grams of solid 
products, resolved into benzyl di- and mono-sulphides in the 
pro 2 )ortion of 4 ; 1 ; siilpliur dioxide, 15 per cent. 

From the study of this reaction tliere arise certain questions, 
whicli relate to tlie ex[)lanation of the primary changes involved, 
or to the secondary reactions ketiveen the products of reaction 
themselves, or some of these and tlie original disulphoxide. 

The possibility of ix-action Ixdwoen monosiilpliide and di- 
sulpboxide was tested by determining the yiehl of siilpliur dioxidi- 
produced from mixtures of, ajiproximatc'ly, equal ({uantith's (.f 
the two compounds. This was found to he 15-7 ])er cent., wliich 
is siiffioiently near to the value ol^iserved for the ])uve disul]>hoxi(](' 
to convince one of the iin])i'ohal)ility of any siudi reaction taking 
jilace. 

The reaction between benzyl disulphoxide and benzyl mereaiitan 
iias already been studied and found to proceed quantitatively 
according to the equation : 

(C(5H5‘CH.),8A:). -r 4C^Hji‘CHrSH -b 2K^O, 

when the solution of the compounds in aetdie acid is saturated with 
hydrochloric acid (Smythe and Forster, T., l!HO, 97, 1199). The 
same reaction has been found to occur when the comiiouiuls are 
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lieated in the presenec of aeetic , anhydride. T^he reaction is complete 
ill a few hours ; naturally, in this case, some benzyl thioacetate is 
formed along mth the disulphide. 

On the other hand, sulphur dioxide has no action, under a variety 
of conditions, on benzyl mercaptan dissolved in acetic anhydride, 
although the quantitative formation of benzyl di- an<l tri -sulphides 
^vas established in the pre.scnce of acetic and hydrocliloric acids 

rib, p. 1107). . 

The formation of benzyl thioacetate has already been noted in the 
reaction bctwemi benzyl morio.sulphide and ac(dic anhydride 
(Smythe, T,, 1900, 95 , 300), and the compouQd was there descri))ed 
a.s a liquid with a po^Mudul, mcrcai^.an-lilce odour, which did not 
decolori.se iodine. Tlie li(]uid boils at a liigh temperature (about 
250°) w'ith slight decomposition and docs not solidify in a freezing- 
mixture,’' Tins appears to b(i the only description of the compoinul 
extant and, accordingly, it was thought desirable to ])repare it by 
a more direct method. This was accomplished by boiling benzyl 
mercaptan and acetic anliydridc in the proportion of 1 to 4, until 
test-samples, when mixed with water, had lost the power of decoloris- 
ing iodine; this happens aft(n’ about twelve hours. The watery 
(cst-samplc.s have then still a powerful smell, although not so 
sharp as that of tlie mcrca])tan. and, in addition, the pleasant 
fruity odour of benzyl acf'tatc'. The product is now sliakcn Avith 
dilute alkali, the oil extracted with ether and recovered by dis- 
tillation under reduced pressure. It forms a limpid liquid,^ boiling 
under atmospboric pressure at 24S' (hound : S ” 10-5I). CgfTioOS 
requires S -- 10-30 p(U' cent.). T'itration of the imTcaptan formed 
from it by hydn)lysis, aceorrlingtto tJie method described above, 
gave the value 70-Sfl : A\Tiereas tlie calculated value is 74-7 per cent. 
This difference may ari.^e from the inaccuracy of the method used, 
hut since duplicate estimations agree perfectly, even when the 
method is slightly <\]Wvvil it seems more prol)able that the prepar- 
ation was not perfectly pure, but contaiiicd a small amount {5*2 per 
cent, calculated on the assumption tliat tlie titre- value is accurate) 
of bcnzvl acetate, which would appear to be an invariable con- 
comitant of the thin-esler, 41ie amount of the preparation at 
disposal did not allow of more tlioi-ougli purilication, 

AflMsTROXC roi.T-KOC, 

Ni;we.\sTr.i:-oN-'rvNi'. 


[Ihrnrrd, Aiy'il ^22.] 
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CLXVL — The Dissociation Pressures of Ihjdrated Double 
Sul f hates, Pdrt 1. Hydrated Cupric Alkali Sulphates, 
By Robert Martin Caven and John Ferguson. 

It was shown by one of us in conjunction with H. J. S. Sand (T., 101 1 , 
99, 1359; 1914, 105, 2752) that the dissociation pressures of the 
alkali bicarbonatcs. diminish with rise in eloclropositiveness of the 
alkali metals from sodium to csesium. The present investigation 
was undertaken to discover whether the aqueous vapour pressures 
of hydrated double sulphates became modified in an analogous 
manner by exchanging one alkali metal for another in the well- 
known salts of the type RSO 4 312804 , GIRO, where M is the atom of 
an alkali metal, and R an atom of copper or other bivalent metal, 
and also by substituting another bivalent metal for copper whilst 
the same alkali metal was retained. 

Double sulphates of the above typo were first investigated by 
Graham (“ Chemical and Physical Researches,'’ printed for presenta- 
tion at Edinburgh, 1876), who observed that the salt 
CuS04,K2S04,6H20 

became anhydrous when heated in air at a temperature not 
exceeding 132° and was disposed to retain two molecules of water 
when dried at 100“ in open air. A list of the published investiga- 
tions on the aqueous vapour pressures of hydrated salts has been 
collected by Wilson [J. Amer. Chem. Soc., 1921, 43, 704), from which 
it appears that a comparison of the aqueous vapour pressures of 
analogous salts with a view of relating these pressures to the electro- 
chemical character of the constiteient metals has not hitherto been 
undertaken. 

In the present paper an account is given of the salts 
CuS 04 ,MoS 04 , 6 H 20 , where M = potassium, rubidium, ciesium, 
ammonium, and univalent thallium; cupric sodium sulphate is 
known to exist only as a dihydrate, and attempts to prepare the 
hexahydrate of this salt have yielded negative results. 

Since the vapoui pressure of a salt hydrate at a given temperature 
is the equilibrium pressure in a three-phase system consisting of a 
vapour phase and two solid phases {hydrate and lower hydrate or 
anhydrous salt), it is essential first to determiue what louver hydrates 
(if any) exist. ^ 

Discovery of Lower Hydrates by Loss of Water from the Hexahydrates 
on Heating. 

For this purpose a method suggested by llannay and employed 
by Ramsay (T., 1877, 32, 395 ) in his work on the hydrated oxides 
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of iron and aluminium was adopted. TJiis method consists iu. 
jiieasuring the rate of dehydration of the hydrate at constant 
teraperaturo, by weighing a small quantity of the ^ 5 alt at intervals 
of time. 

Small weighed samples (0‘2— ()‘3 gram) of the finely powdered 
salt were exposed on watch-glasses in a water-jacketed oven main- 
tained witiiiii r of constant lemperatiire and were weighed at 
intervals. On plotting the los.s, expressed as molecules of water 
])cr molecule of original hcxaliydrate, curves \Vre obtained which 
]) 0 cainc apparently horizontal after the loss of integral nuiiil)ers of 
molecules. The tal)le appended is sullicicnt t(i give an idea of the 
tvpe of results obtained. 



'Uinw in 

Loss in 


Time in 

T.oss in 


Iiour.-^. 

iiiols. 

Toiriji. 

1 tours. 

inols. 

Cupric. 

Potassium 

Sul[)lial<“. 

('vi[irir‘. 

Anunoniiini 

Sulphate. 


2-00 

4-08 

.57- 

2-00 

4-02 

55 

12' 00 

4-00 

■1.5 

l-(50 

8-15 

45 

I '00 

4'(I0 

4.5 

8-00 

8-8S 

45 

3-00 

4- 02 

45 

’ G.5-00 

8-00 

.H2 

I 00 

1-00 

40 

2-00 

- 

T2 

tiO 

6-. 50 

8-82 

Cupric Civsium Snlpbato. 

1-5I) 

— 

70 

,8-00 

4-66 

Cupric 

Rubidium 

Siilphato. 

70 

6-00 

5-38 

56 

1-OU 

4-00 

(i!) 

2-00 

4-05 

56 

5' 00 

4-04 

60 

G-50 

4-7.5 

52 

I'OO 

— 

6 7 

2-00 

4 02 

Cupric 

70 

! Thallium 
7-00 

Siilpliatv. 

4-n] 

67 

64 

7-00 

1-50 

4-02 

0-70 

47 

16-00 

8-88 




85 

12-00 






From the table it is seen that oach,of the five cupric alkali sulphates 
examined dissociates on being heated, into water vapour and a 
dihydrate. Except in the case of cupric csesium sulphate dihydrate, 
thc.se dihydrates do not lose water below lOO’b The caesium salt is 
an exception, losing water completely at about 7.j’. The hexa- 
hydrates lose four molecules of water on being left for a few days over 
sulphuric acid in an evacuated desiccator. Again, in the case of 
the caesium salt, this i.s followed by a slow loss of the remaining 
two molecules. The dihydrates, on being exposed to the air, 
quickly become rehydratc'tl, yielding the hexahydrates. 4 hey r'^c 
blue in colour, and of a deeper blue than the hex a hydrates. As 
noted by’ Graham (/oe.e/r). the anlyvdrons (loi!l>le cupric sulphates 
are also blue. Ciipi’io [potassium sulphate dihydrate was obtained 
by Graham [loc. at.], and enprie thallium sulphate dihydrato by 
\\ullm (Ja/o Chitti. 1S05, [iv], 5, 5); the others have not 

hitherto been described. 

The accompanying table gives approximately the temperatures 
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at which rapid loss of four molecules of water occurs When the salts 
named are heated in air. 

K,S 0 ’,CuS 04 , 6 H,O' 33" (NH4)„SO,.CuSO„6H,0 42' 

Rb,S04,CuS0.i,6H20 Cs.,S0j,CuS04,GHj0 G5 

T1i,S04,CuS04,6H.0 ()0 

' Mea-'^uremeiits of Vapour Pressure. 

Method and A,ppnrahis . — The apparatus employed, shown in 
Fig. 1, was a sliglit nioclification of that used by Caven and Sand 

Fig. 1. 



{he. ciL), and eiosely resembled the tensimeler described by , John- 
ston (Z. physical. Chm., 1008, 62, 038). Its use de])ended on 
balancing tlic pressure di^veloped b}^ the hydrate on one side of a 
mercury gauge, B, by air, admitted to the otluT, w’hose pressure was 
■independently measured by inean.s of a barometer, }\ connected 
with the apparatus. Two instruments were used simultaneously, 
both bemg immersed in a large well-stirred tlu'rmo.stat kept within 
0T° of any dt .sired temperature from 20'" to StF. The tlask of each 
tensimetev was of about oO e.c. capacity and was partly filled with 
the hexahydrale and about 20 per eent. of dihydrate before evacu- 
ation, introduction of mercury to the gauge, and mea.surenicnt. 
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Equilibrium' was approaelred fmm both sidesi, and was attained m 
two or three hours at the most. 

The results of the vapour pressure measurements have been 
expressed by formulie of the type : 

( 1 ) 

where p is the pressure at the absolute temperature T, and a, b, 
and c are empirical constant.s obtained by subittituting three different 
experimental values of the pressure, and their coiTcsponding tenijjer- 
atures, in the above expression and solving the simuItaiHums cejua- 
tions for a, b, and c, • 

The heat in calories, Q, absorbed’ per gram -molecule of water 
vapour in the dissoeiation is obtainable from the van't Hoff isochore 
and its value at 50'’ lias been calculated for each salt. 

The chemical afTmity which manifests itself in the reaction 
CuS 04 ,M 2 S 04 , 2 H ^0 + 4 H 2 O - 01180^,51,80^, GH^O 
is measured by the maximum external work at constant volume and 
constant temperature which i.s done by tlie system in passing from 
the initial to the final state, and, per gram-molecule of lii^uid water, 
is given by the expression 

A - HT log, (L>) 

Pi 

where pg is tlie vapour ]>r(>ssure over water and that of the water 
vapour in equilibrium with the salt (compare Scholtkv, Z. phy-sikal. 
Chem., 1908, 64, 422). 

Experimental /i’e-i'id/.? . 

Copper Fotasjsinm SuIpJuiie . — Tills sait was prepared by mixing hot 
saturated solution.s of C‘l|ui^■alent quantities of pure copper and 
potassium sulphate, ' j, and recrystallising (he double salt obtained on 
cooling (Found : lo.^^s at lolF — 24'21 . Calc., = 24-45 per cent.). 
Fight grams of the lK-xaii\'(l]’ate and 2 grams of tlie dihydrate were 
pi iced in the Hash. 



Pjvssi 

,ii'o ill inn 
iK'i-v'ur} . 

1, I 'jf 


Pro 

s.surc in nnn. 
inerf-nry. 

of 

T(‘in]). 

Ki.-iing. 

Falling. 

(.Ucd, 

^Vni]). 

Rising, 

Falling. 

Cal(rn- 

latca. 


7-0 


7-0 

02-li' 


1,30-1 

131-2 

3U-3 

VPO 


1;m 

55-1) 

— 

80-3 

8.3-5 

;{4-9 

vpr, 


Ui-a 

44- a 

— 

• 39-4 

40-O 

40-9 

30-9 


.‘{il-o 

.‘(9-1 

— 

20-8 

27-1 

40-3 

4i.3 


42 .7 

30 -a 

- 

13-8 

13-0 

51-S 

uum 


fill- II 

13-8 


3-0 

2-8 

5S'.j 

101-2 


iii2-i 

20-9 

10-4 

— 

10-1 

(i4.9 



l,'u-3 


2.3 -9 

- 

24 1 

7(,i-S 

70-0 

288-4 

201-1 

2SS- 1 
200-4 

44 -,‘) 

40-0 


40- .5 
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' The numbers in tho fourth column arc calculated from equation 
(1) by making a — 4-574, b — 1251, and c = 696,500. Applying 
the vanT Holf isochore, using the calculated values of p at 45° 
and 55°, Q is found to be 14,000 calories at 50°, The affinity value 
of the reaction at 50° is calculated to be 288 calories when pg = 92-5 
and pjL = 59-0 m equation (2). 

Copper Kubidium Sulphate . — Rubidium sulphate was prepared 
from rubidium nitrate, (Merck's reagent) by heating with sulphuric 
acid and subsequent ignition. The double copper rubidium sulphate 
was prepared and found to contain 20-17 percent, of water (Calc., 
HgO — 20-21 per cent.). 

Pressure in mm, of Pressure in mm. of 




mercury. 



mercury. 


Temp. 

Rising, 

Cak-ii- 
Falling, latcil. 

Temp. 

Rising. 

Falling. 

Calcu- 

latetJ. 


8-3 

— 8-3 

02-7° 

— 

93-1 

92-9 

‘Sn-1 

12-0 

— 12'3 

o3-0 


37-3 

5y-9 

39-5 

18-3 

— 18-6 

30-3 

— 

41-0 

41-2 

4.5-4 

28-0 

~ 29-0 

43-2 

_ 

24-3 

24-7 

49-4 

38-4 

— 38-8 

33-9 

— 

14-2 

13'9 

.54-7 

53-8 

— 33-8 

30-2 

— 

S-9 

8-G 

o9-9 

77-7 

— 78'2 

20-3 

— 

36 

3o 

701 1432 — 14r)'2 

The numbers in the fourth column are 

calculated from equation 

(l)by 

making 

a = 4-930, b = 1040, 

and c 

- 682,600. 



Copper Thallous Sulphate . — Thallous sulphate was prepared by 
dissolving metallic thallium in sulphuric acid, evaporating to dryness, 
and heating gently. The product Avas recry stalliscd. The double 
salt, as prepared, contained 13-97 per cent of water (Calc., HgO 
14-01 per cent.). 


Pressure in mm. of Pressure in mm. of 

mereurv, mercury. 


Temp. 

Rising. 

Fulling. 

C'alcu- 

luU-ii. 

3'etnp. 

Rising, 

Falling. 

Calcu- 

lated. 

29-8^ 

Irl' 

— 


43-(i ' 

— 

22-7 

22-4 

34-7 

9-3 


9-4 

.39-9 

— 

14 9 

143 

39-3 

1.3 3 



144 ) 

(12'8 

7 2- 9 

— 

72-6 

43- 4 

22-3 



22-'* 

33-0 


4:i-8 

44-1 

34-7 

43' I 



43-U 

,30-3 

— 

32-2 

31-8 

39-9 

fill 

— 

()U-3 

43-2 


18-7 

18-9 

7U-2 

114-3 


114-0 

33-9 

— 

lOU 

10-2 

03-3 

— 

73-9 

73-2 

3U-2 

— 

6-4 

(i-4 

3(;-8 

— 

49-3 

49-9 

20-3 

— 

2-7 

2-0 

51-4 

— ’ 

33-8 

34-2 






The calculated values are derived from equation (1) by making 
a - 4-204, b = 1485, and c = 762,000. 

Copper Ammonium Sulphate double salt, as prepared, was 
found to contain the theoretical percentage of water. 
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Pressure in mm. 'Of 


, Pressure in mm, 

. of • 


mercury. 




mercury. 




Calcu- 




Calcu- 

Temp. 

Rising. Failing. 

lated. 

Tcin[>. 

Rising. 

Falling. 

‘lated. 

49-9^ 

26- o’ 

20*4 

OO'iP 

— 

57*0 

57*9 

303 

— 5’1 

4*8 

54*5 

— 

37*2 

36*6 

33’8 

0*8 — 

0*8 

48*7 

— 

24*9 

24*2 

40- 5- 

12*9 — 

12*8 

42*8 

— 

' 16*2 

15*1 

45-9 

19*4 — 

19*4 

35'5 

— 

8*5 

7*9 

51-2 

29-3 — 

29*2 

49*2 

25*5 


25-1 

60*3 

55*2 — 

36*5 

57-2 

' 15*4 



45-2 

77-7 

159-0 — 

160-3 

03*4 

07*7 

— 

07*6 

68-8 

— 94*3 

95*3 






The calculated values are obtained from efjuation (1) by making 
a = 1-254, b = 3562, and c - 1,132,600. 

Copper Ccesium Sidphate. — Caesiinii cliloridc, supplied by Poulenc 
Preres, was converted into caesium sulphate by treatment with 
sulphuric acid, and the double salt prepared as usual. The salt 
contained 17-37 per cent, of water (Calc., HgO ~ 17-17 per cent.). 



Pres? 

Hire in min. 
iu(‘rt;ury. 

of 

Temp. 

Rising. 

Falling. 

Calo Il- 
ia toil. 

23*7" 

1*6 

— 

1*9 

.30*3 

3*7 

— 

4*1 

34*9 

5-7 

— - 

(i-ii 

40*9 

10*8 


11 *.7 

51*8 

28*0 

-- 

28*6 

58*5 

44*2 


45*9 

64*9 

08*3 

~ 

(i9*0 

77-S 

138*0 

— 

13!i'0 

71*3 

— 

99*8 

99*5 


Presisure in nun. of 
mercury. 


Temp. 

Rising. 

Falling. 

Calcu- 

luLed. 

G6*0“ 


77-4^ 

77-1 

02* 6 


.58*4 

60*1 

.JO* 6 

__ 

37-0 

37-0 

50' 8 

-- 

20*8 

20*4 

4M; 

— 

14-3 

]2*r) 

37*6 


9*9 

8*0 

.30*. 5 

— 

5-,5 

4*3 

ITT 


0-8 

0-5 


The calculated values are obtaibed ‘from equation (1) by making 
fi — „ 6-052, b -■ 8234, aiid c — ],91I,60p. 

Fig. 2 shows graplneally the variation of equilibrium pressure 
with temperature in tlu' five systems of thetypeCuS04,M2S04,6H20 ■ 
Cu.S 04,M2S04,2H20- water vapour. The graphs wore obtained by 
drawing smooth curves tliroiigh the values of p, calculated from the 
above equations. 

In ttie appended table, under the heading p, are giren the vapour 
pressures at .a0°, under Q the heat of hydration in calories of the 
dihydrates to tlic hexahydrates per gram-molecule of water vapour 
at 50’, and under ,1 the affinity of the hydration by iKpiid water 
expressed in calories. 


P- 


A, 

.■i9*(i 

14,000 

288 

4 (I*. 7 

14,500 

530 

31 1 

14,800 

700 

2(>'7 

1.5,850 

805 

24*9 

16,100 

840 


3 0*2 
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■ From this tabic it is, seen that the .vapour pressure is less, that is, 
the water of crystallisation is hold more firmly, the greater the 
electrqpositiveness of the alkali metal in the double salt. The 
heat evolved in the combination of the lower hydrate with water 


Fig. 2. 



0 A^iccnditvj {e.miKraturt. X «(/</((/ tnHpimimc. 


ilso increases with the elect ropositiven ess of the alkali metal, and 
the affinity of the process shows very markedly the same variation. 

The positions of thallium and ammonium relative to rubidium and 
caesium in the alkali metal series, as determijied by the.se experiments, 
accord with those assigned to thorn by Tuttoa (T., liKKl, 83, 10-19: 



i-KESSDRES OP HVBRatpd DOUBLE SULPHATES. PaHT I. U13 
Proc. Hoy. Hoc., 1907, [.i],79, :j.ll ■ 19I0 f 1 1 sq om , 

ations of the morpholof-ieal and physical propcrtL of 'their ,lTs' 

oveover, the present results .nay he supposed to' relate direct vt 
the bas.gemc proport.es of the metallio radieles coneernod, since Lv 
express the powoT conferred on the double sulphate molecule of 
reta...,ng water o erysta lisation against the dis'oeiating infiuenc 
of rising temperature. The infercaiee. theodore, is that the 00^ 

r,S..,S ---'K 

KOH, JihOH. TlOH, CsOH. 

The statement that animoiiium hydji.xide is really a .s|,-„„„ l>a.e 
u-ill not he accepted without demur. It may be suggested, however 
(Braun, Abegg s Handbiich der Anorgaiiisclien Clieiiiic," III 3 
74), lhat the low hydro.vidion concentration reached in ;m anucoiis 
.solution of ammonia is due not to the feclile ioni.sation of e.xistimr 
ammonium hydroxide but to the instability of this compoumh 
If, therefore, a large proportion of tiie ammonium hydroxide 
l>roduced in aqueous solution is ionised, the .substance need not be 
(-Ii.sqiialified from_being regarded intrinsically as a strong base. 

Tile powerfully basic properties of tctra-allcvlammonium hyd.-- 
oxides may consequenlly be due chielly to tlieir great .stability, so 
tliat in solution tliey give a iiigh concentration of hydroxidion, 
iiistOtid of dissoc'iiitiii^r into aiiiinc.s r'lnd alcohols. 

It is proposed to in\'es(igate tiie aqueous vapour pressures of 
ciiiu'ie alkylaninioniuiii sul])h:i<(‘s in order to ascertain if they difler 
pn-eatly from those of cuj^ric aniinoniuni sulphate ; and also to examine 
the effect of substituting other bi^-alept metals for copper, whilst 
retaining the same alkali sulphate, and so to discover the gradation 
of these metals as regards tlio vapour j-ire^^sures of their hydrated 
double sulphates. 


Summary. 

1. It has been shown tliat diliydrales of the type 

(■'uS0j,MuS0j,2K..0 

exist in the case of donifk^ sulphates of cojjper and rubidium, 
ammonium, or eaxsiunt. Diiivdratcs of coppia' j>otas.sium sulphe^.c 
and copper thallous suipliatc arc already known. 

2. The vapour prossurts in the systems CuS04,M2S0^,6IL0- 
bUiS04.M2S()4,2H2n -wutf'r vapour have been measured for each of 
the five double sulj)hat('s at various t('m])eraturcs between 20' and 

and the resuits expressed }\y formuke of the tj-pe 

// (’ 
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3. The vapour pressures diminish with, increasing electropositive- 
ness of the alkali metal, whilst the heats and affinities of the reactions 
increase. 

4. Univalent thallium and ammonium have been shown to lie 
between nibidium and cscsium in the alkali metal series, the order 
being Rb, Tl, and Cs. 

In conclusion, we desire to express our thanks to the Governors 
of the Royal Technical College, Glasgow, for a scholarship which has 
enabled one of us (J. F.) to engage in this research. 

Chemical Reseauch Laboratory, 

Royal Technical College, Glasgow, [Received, May 1922.] 


CLXVTL — Experiments on the Synthesis of the Polyaceiic 
Acids of 31 ethane. Part VL 31ethaneiriaceiic 

Acid and its Unstable Esters. 

Ry Christopher Kelk Ixgoi.d and Ed^vard Arthur Perrex. 

Part TV of this series (T., 1921, 119, ISOo) dealt with the conditions 
of formation by the cyanoacctic ester method of those estons of 
the metlianelriacetic acid series wTiich are stable in tlie presence 
of sodium ethoxide. In the present paper it is proposed to examine 
the principles on which a method for the preparation of the unstable 
methanetriacetic esters can be based, 

During the course of the experiments described in Part III (T., 
1921, 119, 1582), it was oKserved that ethyl a-cyano-y-molhyl- 
glutaconate (1) possesses a marked tendency to pass into a solid 
ester (m. p. S7^), to ivhicb the formula (TI) was assigned : 

^^/CH(CN)'C 02 E 1 C0,2Et-CH(CX)-CH--CMe-C02Et 

^CMe-CO.Et “ C()2Kt*CMc'CH-CH{CX)'C02Et 

(T-) " (G) 

Often the solid ester (IT) vas almost the sole product of the scries 
of direct and retrograde iMidiacI condensations by means of which 
it was expected to obtain the ghitaconic ester (]). It was noticed, 
further, that the solid ester (II) was never formed if the condensations 
Vere conducted in the presence of a small excess of sodium ethoxide. 

These facts ;\ppcared at that time highly sijigiilar, and as we were 
quite unable to deduce the general principle on which they depended, 
they were passed by without comment, Subsequently, however, 
it seemed to u.s that they w^ere not udthoiit parallel amongst open- 
chain substances, and that in all probability an important generalis- 
ation was involved. 
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In the paper referred to {he. cit.), it was clearly proved that 
substituted methanetriacetic esters of the tyfe (Ifl) ‘undergo fission 
in the presence of sodium ethoxicle : 

(III.) , (A, 

the reaction being a retrograde Miehs^l condensation (type A). 
If this reaction is a general one, it should apply to cyclic inethanc- 
triacetic esters (IV), which ought to undergo' fission in the followinn 
way : _ \ 

CX-COjEt 
CH. ,CIi 6 ' 

II CHY-CO.,Et ■ • • ■ 

CZ-COjEt 

The solid ester (TI) belongs to type IV, and in the presence of 
sodium etho.vide should undergo fission (B), giving a produ(;t 
(type TIT) which should break down further in accordance with 
reaction A : 

CMe-CO,Et 
CH 


CX-COaEt 
, CH , yCHR^ 

I CY-CO.Et 
CHZ-CO,Et 


(II). 


9/"(rr,,;;^CHMe’C02Et 

■^"X'(CX)-C02Et 

(A form of I.) 


;cH‘CH(GX)-ccm 
II CHMe'CO,Et 
C(CX)-C02Et “ 

Experiment showed that in the presence of sodium ethoxide the 
solid ester was rapidly and quantitatixely converted into tlie 
original ester (T), so that the action of sodium ethoxide in inhibiting 
the formation of the solid ester was satisfactorily accounted for. 

This observation had a far wider significance, for it opened up 
the pos,sibility of synthe,'^i^i^lg and isojating methancfriacctic e.stcr.s 
which had previously been believed to be unobtainable on account 
of their instability towards .sodium ct«lioxide. This important 
issue has been tested experimentally and the result, s obtained have 
completely confiiuned the as,^iim])tion on the basis of which the 
experiments were instituted. The most valuable practical result 
is a very simple and convenient .syntliesis of luethanelriacctic acid. 

The difficulty which in many cases attends the eon version of 
mobile glutaconic e.<ters into substituted methanetriacetic esters 
by condensation witli ethyl cyanoacetate was traced in PaC I 
(T,, 1921, 119 , ^41) to the permanence of the normal (unreactivc) 
forms of the glutaconic ('stt'r.s employed, and in Part III {loc. clf.) 
it was shown that of tin' limited number of metham^triacetic esters 
that are capable of being formed by this method a large proportion 
are unstable and deeomjHW completely into smaller molecules 
under the conditions of their formation. One of the best methods 
of ensuring the formation of a condensation product is to employ 
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a.glutaconic ester in which the stability of the normal form has been 
reduced by the introduction of an a- substituent, and substituents 
such as the cyano- and carbethoxyl-groups possess the advantage 
for this purpose that they can easily be eliminated afterwards by 
hydrolysis. Unfortunately, however, the presence of a-substituents 
in mothanetriacetic esters is the principal condition of their insta- 
bility, and, consequently, the formation of a condensation product 
in these cases has generally to be infeiTcd by the isolation in excellent 
yield of its fission products. This combination of obstacles seemed 
quite insuperable at the time when the conditions of formation of 
the stable methanetriacetic esters were discussed in Part IV {loc. cif.), 
but it appears now that nnstajble esters containing as many as three 
a-substituents can be isolated and rendered available for synthetical 
work. 

The principle involved is a simple one ; the equilibrium for th(' 
Michael oondensatiou of sodium derivatives (0) is, in genera], 
not the same as the (equilibrium between the esters themselves {1)) : 
CR'R'k'CR^'-COoEt + OHNaX-COaEt 

CR'R''(0HR'"-CO2Et)*CNaX-CO2Et . , (C) 

CR'R'^:CR"'-CO.,Et -f CH.X-COJiT ^ 

CR'R"(eHR'"'C02Et)*CHX-C02Et . . (D) 

This follows at once from the fact that the heats of the two reactions, 
(C) and {!)), must ditl'er l)y an amount equal to the difference between 
the heats of formation from their respective esters of the two sodium 
derivatives. The general tendency appears to be for the reaction 
(I)) between the esters to favour most the formation of tiu' condens^ 
ation product, although the velocity of this reaction is always much 
smaller than that of [-('action (('), and is freqm'iitly too small for the 
method to be of service in synthetical ex])eriinents. 

The most easily prepared of all the glutaeonic esters is the clicarl)- 
othoxy-compound (V) obtained by the action of chlorofonn on ethyl 
sodiomaloiiate. This suRslance contains two a-substituents and 
therefore should exhibit a considerable tendency to condense with 
ethyl eyaiioacetate ; indeed it has already been shown (Part III) 
that the redaction between the sodium compounds proceeds as follows : 

i ('HXa(O\)-C0.Et 

/CXi^COjEt), .-('ICO Ft) 

('H(-CH((JO,-iit)., ' rv u v) < 

^■('Xa(CS')-('(XEt ( AjiUji.t 

the tri-a-substituted methanetriacetic ester being formed in good 
yield and decomposed almost quantitatively. This condensation 
is therefore not only an excellent test -case for the theoretical priiv 
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ciple which is to he applied, but also an instance of practical utility :* 
for, as all the a-substituents are capable of being eliminated by acid' 
hydrolysis, the oondonsation product, if it could, be obtained in 
good yield, would be a valuable and easily accessible source of 
methanetriaeetie acid. 

Under conditions wiiich are given in the expcTiinental part of 
this palmer, ethyl diearboxyglutaconatc (V) condenses with ethyl 
cyanoacetate, giving ethyl cyanodiear}>oxymethanetrjaeetate (VTl), 
the first tri-a-substituted methanetriaeetie e‘s;er'of type (111) to 
be described. Subsequent fission occurs to some extent, i)ut the 
methanetriaeetie ester can be isolated in fairly good yield from the 
condensation product, which is a mixture of all' five of Die following 
substances : 


(V,) “ (Vl.) 


/0H(CO2Et},> 

CH^GH(002Rt)“ 


€H(CX)'C02Kt 


CH^ 


CtCO^Et)^ 

CH(a\)-C02Et 


-b CHjCO.Etlo 


(VII.) (vm.) (IX.) 

.Since the ester (\dl) can be smoothly hydrolysed to mcthanc- 
Iriacetic acid, tlic method constitutes an important 

improvement on the synth(^sis previously described (Ingold, T., 
1921, 119 , 352). 

The condensii3g agent employed was piperidine. The use of 
this substance as a eataly.st for tfie condensation of c{fi-un.saturated 
esters with sulistanees of the type of ethyl cyanoaeetate is not new 
(compare, for instance, Knoevenagei and Mottek, Ikr., 1004, 37, 
4404), and there can be little (IouIh but that it will find a large 
application in the future to eases in wUich»the retrograde reaction 
is pronounced under the usual conditions of the Michael condensation. 

As was anticipated (T., 1921, 119 , 1580) before ethyl eyano- 
dicarboxymethanetriaeetate (Vll) was isolated, this .substance is 
completely decomposed by sodium etlioxide into ethyl cyanocarb- 
oxyglutaconate and ethyl malonate, 


E X p ]■: Ti I H K x T A r., 

(A.) Condrnmfion of KiJvjl Uimlm'^ifjhhronate ^ \dfh Elhjl ^ 
Vijanoncdate In iJir Pn.^cno: of Jk pend me. L^^olaiion from the 
Equilibraffd Vroducf of Kihai Mnlonaic, EtJn/I yAfprno-y-carho.vip 
(fhddconrtfc,, KOuf w(' mino-w ko '-dn'orhoxiimidherndnctceittlv., Ethyl 
'X'j-Dkarhoxyglvtac.onati . ond hthyl ( yanoaefiate, 

A mixture of idhyl diearboxyglutaconatc (50 grams), ethyl 
eyanoacetate (15 piperidine (1'5 grams) was kept at 
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.the ordinary temperature for some definite period (see section B), 
at the end of which the whole was poured into dilute sulphuric acid 
and extracted with ether. 

Efhyl DicarboxyghiMconaie and Ethyl a-Cyano-y-carboxygliitaconafe. 
—The insoluble, yellow sodium compound obtained by shaking 
the ethereal extract with sodium carbonate was separated by frac- 
tional crystallisation from ethyl alcohol into ethyl sodiodickrboxy. 
glutaconate and a nitrogenous compound, which could not he 
completely purified* ‘ By hydrolysis with 50 per cent, sulphuric 
acid, the latter yielded glutaconimide (2 : 6*dihydroxypyridinc), 
which was identified by its characteristic appearance (long, feathery 
needles), its melting point, (192°), and nitrogen-content (Found ; 
N ^ 12‘3. Calc., N ^ 12'6 per cent.), its coloured ferric salt, and its 
green oxidation product. The formation of this substance from 
ethyl cyanocarboxyglutaconate by hydrolysis has previously been 
observed by Errera {Ber., 1898, 31, 1241). 

Ethyl Malonate and Ethyl Cyanoacetafe.—UK'nt^ esters were isolated 
together as a “ low ” fraction when the oil contained in the above- 
mentioned ethereal extract was distilled under diminished pressure. 
In the case of condensations which had been allowed to proceed 
for three weeks or more, the quantity of ethyl cyanoacetate recovered 
was negligible, the appropriate fraction giving pure malonamide 
on treatment with ammonia. 

Ethyl iji-Cyano-M^/'-dicarboxymctJuinetnacdate (\TT).— The Ii(|uid 
which remained in the distilling flask after the ethyl malonate and 
ethyl cyanoacetate had passed over, consisted of ethyl cyanodi- 
carboxymethanetriacetate together with a small amount of ethyl 
cyanocarboxyglutaconate, which, apparently, cannot be com- 
pletely rernoved by washing with aqueous sodium carbonate. Ethyl 
cyanodicarboxymethanetriacetatc distils at 242^/17 mm. without 
decompo.sition, whilst ethyl cyanocarboxyglutaconate decomposes 
completely when the attempt is made to distil it. Consequently, 
when the above-mentioned mixture was distilled, ethyl eyanodi- 
carboxymcthanetriacetate alone collected in the receiver (Found : 
C = o4'2; C^oIIasO requires C= 04*2 ; H — (v6 per cent.). 

Ethyl M-cyanQ-w<,\"-dicarboxymethanf;tr{acefafr is a colour]o.s.s 
oil which is decomposed by alcoholic sodium othoxide into ethyl 
. a-cyano-y-carboxyglutaconate and ethyl malonate, and is hydroly.scd 
by strong mineral acids to methanctriacotic acid. 

(B.) Partial Condensation, Times Required for the Formation of 
Equ ilibri u m J/ ixt u res , 

It is unnecessary to give a complete summary of our experiments 
on this subject since the main conclusion to which they have led 
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can be reached by coasidering the results of two typical experimente ' 
Two condensations were carried out under the'eonditions described 
on p. 1417, one for seven days and the other for twenty-one days 
The yields in grains of the various substance.s are given in the follow- 
ing table, in reading which it is to be remembered that the yields 
of ethyl cyanocarboxyglutaconate are obtained by difference and 
therefore are somewhat too high. 


Ethyl The 

dicarb- Ethyl methane- 
Time oxygliit- eyanoacet- triacetate 
(days), aconate (V). ate (VI). (VII). 

7 16 a 22 

21 .“1 1 ; J2 


Eth^’l , 
cyanocaMt- 
oxyglut- Ethyl 

aeon ate ma Ion ate 

{VIII). (IX). 

la 7 

20 9 


Total, 

6a 

65 


Denoting, for the sake of brevity, these five substances by the 
numerals attaelied to their formula:, we find figures for the (luantities 
per cent, of each of the three components of the consecutive reversible 
reactions : 


(V) + (VI) — -- - (VII) (V]ii)-f (IX) 

1st reaction 2nd reaction 

and for the amounts per cent, of condensation in respect of each 
reaction : 



Percent agf‘ of 

First reaction. 

Second reaction. 

Time (V)-- 


(vni)- 

100 (VTT) 

100 (VII) 

(duys). (VI). 

(VII). 

(EX). 

(V)V(\:)l(vii)' 

(VH)+(vni)-i:(Tx)- 

0 100 

0 

0 

0 

100 

7 :i2 


:u 

52 

50 

21 6 

40 

45 

S9 

53 


Hence the equilibrium of the first read ion favours the condensation 
product much more than the equilibrium, of the second reaction 
does; but llie first reaction is slower, requiring about one month 
to reacli its equilibrium, whilst the second reaction is almost in 
(Hpiiliiirium within a ^vcek. It follows that the production of the 
condensation product (\1I) does not pass through a maximum 
(as ^^•ould be the case if the finst reaction were the faster), but 
increases gradually witli advancing time up to about 50 per cent, 
in three or four weeks. 

(C.) Prfpamiiou of Mrihaneinacelic Acid. 

The following proce.ss ^^as evolved as the result of a series of 
corupa rat i vo o x jie r i m on t s , 

Condensadon . — The condensation of ethyl dicarboxyglutaconate 
(50 grams) and ethyl eyanoacet a to (15 grams) is allowed to proceed 
in the presence of piperidine (1-5 grams) for three weeks at the 
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.ordinary temperature and then for a further one weel? at 0'^. Xlu- 
product is freed froni piperidine by washing wdth dilute acid, dijs. 
tilled until the ethyl malonate and ethyl cyanoacetate have passed 
over; and then hydrolysed without further purification. 

Hf/droli/sis.—T\w crude ester (1 part), mixed Avith cold coneen- 
trated sulfjhurie acid (1 vol), is alloAVod to remain at the ordinary 
temperature for tifteon hours, after Avhich water (1 vol.) is added anil 
the n hole heated until carbon dioxide ceases to be evolved (about 
one hour). After efioling, a further quantity (0’5 ])art) of Avator is 
added and the mixture boiled for oiu' hour, again cooled, diluted 
Avith Avater (1 a'oI.) and tlien boiled for tliree hours under a condenser 
suilieiently short to permit the escape of the ak^ohol vapour evolved. 
Finally, the liquid is cooled and saturated with ammonium sulplnite. 
and the methanetriaeetic acid extracted Avitli ether. The vi('ld 
('f tfie crude acid, ni. p. 103 — 109°, is 13 grams, Avliich sliows that 
if tlie original condensation product can be assumed to be formed 
to the extent of 50 ]X'r cent., the yield on hydrolysis is 74 per cent, 
of the theoretical. 2 : 6-Diliydroxypyridine, evidently derived 
from the ethyl cyanocarboxyglutaconate present in tlic crude 
condensation product, crystallises from the sulphuric acid solution, 
but it is not extracted by ether. 

Purificadon. When slightly impure, methan(driaeetie acid 
cannot be crystallised from solvents, and it is, in consequence, veiv 
difficult to purify by the usual methods. The traces of impnritv 
Avhich accompany the acid art', hoAvever, I't'adily oxidised by Avnnn 
alkaline permanganate, which IcaA’cs the methani'triacctie acid 
un at tacked. The rt'covered acid is very pure and can be crystallised 
Avithout difficulty from etliep , 

The crude product obtained by hydrolysis (above) is dissolved 
in aqueous sodium carbonate at 00 ' and treated witli successive 
quantities of 4 per cent, permanganate until an oxct's.s remains oven 
after keeping for .several hours at tliis tt'nqierature. The solmicn 
is then decolorised by means of sulpliur dioxide, and the oxidts 
of manganese are collected and extraett'd tAvice by treatment 
Avith steam. The eomhined filtrates are evaporat('d to a snic.ll 
bulk, acidified Avitli hydrochloric acid, and extracted Avith pun' etla'r. 
The aci(i crystalbsi's from ether in net'rlk's. rn. {). 12(r. TIk' higlast 
.melting jioint previously rceorded is 115 . d'lic 13 ginnis of criuio 
acid olnaincd as described ahov(' yield 11 grams of pure ai'id. 


iMi’ORiAf. O'LijR.r: Of i; wd 'rcniNOLocY, 

Soi'TU KKNsLst.'otN, [ifrcn rt tl, Mn-) ‘.Wfli , in:!:’.; 
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CliXyUl "Studies in Optically Active Dyes, Part L 
Camphoreins, 

By Bawa Kartar Singh, Rachunatii Rat, and Rattan Lal. 

It has already been shown (Collie, T., 18f)3, 63, 901) tlmt-camphorio 
anhydride and resorcinol can bo condensed to produce a dyestuff 
which is a caraphorein structurally analogous to fluon'scoin. In 
the same ^vay, it might be expected that camphoric anhydride could 
be condensed with phenolic sub.stances generally to produce dye- 
stuffs analogous to phthaleins. Owing to the optical activity of 
camphoric anhydride, it might ha expected that the camphoroin 
dyes would also be optically active, It is well known that mole- 
cular asymmetry win'ch causes optical activity often also cvaiises 
selective action with living matter and protein.s; for example, 
certain optical antimers are known to have quite different aetioJi 
as drugs, quite different taste, and so on. This consideration led 
us to think that optically active dyes might possess special value 
as selective histological stains. We have studied further the 
preparation and properties of the dyestuff formed by the condens- 
ation of camphoric anhydride and resorcinol, and we have also 
prepared new campliordns by the condensation of camphoric 
anhvdridc with phenol, r>cresol, qiiinol, catechol, pliloroglucinol, 
and pyrogallol. Tlie following derivative's of these dyestuffs have 
also been prepared, namely, tetrabromoresorcinolcamphorein, 
pluMmlcamphoreun anhydride, diacetylphcnoleamphorein, o-cresol- 
camphoreiu anliydridc, diacetyho-ere.so]canipliorein, dibromo-o- 
crcsoleamphorein , a ml tetra-acct \»lp\a-ogallo]eamphorein. Optical 
rotation has b(“cn ohstuA’ed and jiieasurcdpn the cases of o-cresol- 
cainphorein and its diacetyl derivative. In the other cases, it has 
not been possible tn (thserxa' optical rotation on account of the deep 
colour of tlie solutions. Suiiie of the dye.s are easily diffusible 
through animal nK’mbrane.s and have staining properties for animal 
and vegetable tissues. l)ut they liave not yet been examined for 
scld'tive staining properties. As a result of similarity in chemical 
stvnetTire, the camphoreins resenihlo the corro,spoiiding phtlialeins 
in their general propertifs, 

Colour and Ahsoii>(’(on Npt('//u.-~The halogens have generally been * 

recognised to act as " liathychromes/' the introduction of winch 
should deepen the colour of the compound, The cases of o-ereso - 
esniii.lioi'eiii (i\'aai^h-lir-.»v») ami its dibromo-aenvativo (yel ow), 
limvevi'r, du ant su|.|wii1 tlii.- Vida. From a comparative study ot 
the colours of the phtlialoin.- and camijhorcins, both m the solid state 
and ill alk.'iiiic solution, it is found that tlie colour of the latter 
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■ compounds is shifted in most case? to the red end of the spectrum : 
this is in harmony with the general behaviour of the diphenyl. 


Fig. 1. 
FrequeYicies, 



Phenolmmphordn. 

— , — . — o-CTtsolcamphortin. 

— . . — . . — Plimolphtkulein. 

methane derivatives, to which the carni)horeins belong, but th(‘ 
deeper colour of phenolcamphorein (roddish-lirown) as compared 
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«th that of phenolphthalein , (colourless) c^innot be accounted. 
Fig. 2. 


Frequencie/it 



— Resorcinolcamphorein. 

Re.iorcinolphthalt' i n. 

— . . — Qu imkamphorein, 

— 0 - 0 -- 0 — ( 'atfcholcampfwrcin. 

— kiir-M/alhlcamphorehi. 

— Rhloroglucinolcamphorein, 

— X — X — X- ■' Tttrabromoresorcmolcamphorein. 

iiie absorption curves of these compounds, plotted in the usuai 
■^ray, arc given in Figs. 1 and 2. The curves for phenolphthalein, 
o-cresolcamphorein, and plieiiolcainpliorein (Fig, 1) ar(j very similar, 
giving absorption bands at the frequencies set out below ; 

TrDqupncy of tlie Ordinate of the head 
liead of the band. of tlie band. 

ISoO 0 ‘ 5 o 

1880 1-27 

1930 1-95 


h lOienolphthaloin 
y '>Cre.soIcattiphoroin 
3- Fheaolcaiuj'liorein 
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A thicker layer of solution is, however, required in order to obtain 
the band of o-cresolcamphorein than in the case of phcnolplithalein, 
and a still thicker layer of solution is required in the case of phenol - 
camphorein. No absorption band was observed in the case of 
dibromo-o-cresolcamphorein, 

Resorcinolcamphorein (Fig. 2) gives a band at 497-5 /i/a; resor- 
cinolphthalein has a similar band at 490-0 /a/a, but this is seen at 
lower concentrations. At the concentrations examined, no bands 
were observed in ^he case of catechol- and quinol-camphoreins, 
but the general shape of the curve of quinolcamphorein is the same 
as in quinolplithaleip, except for the band which Meyer and Fischer 
observed at 612-5 /a/a {Ber.^ 1911, 44, 1944). In the bromo-deriv- 
ative of resorcinolcamphorein, the general absorption is shifted 
towards the red end of the .spectrum, according to Nietzki’s rule. 

The fluorescence of these compounds can be explained on tlie 
hypothesis of a “ double symmetric tautomcrism,” as in the case 
of the plithaleiiis, but its absence in phloroglucinolcamphoroin and 
pyrogalloleampliorein, the formula) of which are also capable of 
being written in double symmetric tautomeric forms, has still to 
be accounted for. 

Classification of the Dyestujfs. — (a) These dyestuffs may be cla.ssed 
as acid mordant dyes. They dye wool and silk (mordanted witli 
aluminium, iron, and chromium salts) from a bath containing sodium 
sulphate and excess of sulphuric acid. 

(6) Their chemical structure brings them under the diphenyl- 
methane series of dyes, since they are similar in constitution to tho 
succineins and phthaleins. 

(c) There is a third niode of slassilication, which is of importaiit'e 
in histological work. It is based on the complexity of the mole- 
cules of dyes, which may be divided into three classes according to 
the ease with wdiicli tlu^y pass through parchment paper membrane. 
The diffusible dyes are of low molecular complexity, and pass 
through the membrane w-ith comparative rapidity, for example, 
eo.sin, picric acid, and Bismarck- brown. The colloidal dyes are of 
high molecular complexity, and give solutions whicii are precipi- 
tated by small quantities of salt, and scarcely pass through the 
membrane at all, for example, Congo-red. There is an intermediate 
• group of semi -colloidal dyes which pass slowly tlirougli the mem- 
brane, for example, magenta and methyl- violet, In histology, it is 
only the diffusible and semi -colloidal dyes that arc of importance 
as stains. From the experiments on dialysis of phenolcamphorein. 
o-cresolcaraphoreiii, quinolcamphorein, and resorciuolcaiuplioreiii. 
it i.s found that the camphoreins beb)ng to tho class of diffusible 
dyes and can act as stains for animal or vegetable cells. 
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Experimental.. 

Pkenolca mphorein, CiCgH 

Camphoric anhydride (4-5 grams) and phenol (7 grams) were 
heated together on the water- bath. About 4 grams .of stannic 
chloride were added to the molten mixture, anrl the heating was 
continued for twelve to fourteen hours. On cooling, the soluble 
portion wa.s extracted with water three or foiir'times. Tlu^ residue 
was extracted with dilute ammonia, filtered, anrl repreeipitated 
by the addition of dilute acetic acid. After a repeated treatment 
with ammonia and dilute acetic acid, the precipitate was extracted 
with ether, and the solution evaporated. The residue was di.ssolved 
ill alcohol, purified witli animal charcoal, and precipitated as a 
reddish-brown ma.ss melting at 84^ It i.s .soluble in ethyl alcohol, 
ether chloroform, benzene, or acetone. It is insoluble in water, 
but dissolves in alkalis with a pink colour (Found : C 74-54 ; 

H = 7-19. requires C ^ 75-0; H = 0-82 per cent.). The 

solution was so dark that the rotatory pow’cr couhl not be deter- 
mined. It dyes wool ajul silk yellow from a bath containing sodium 
sulphate and excess r>f siilpliuric acid with chrome and iron mordants. 

Poor yields are ol)taine(l when zinc chloride is used in place of 
stannic chloride, and strong sulphuric acid decoin poses the product 
above 100'’. 

The diacetyl fler[\-ative was obtained as a yellow .substance by 
healing pheuolca mphorein and excess of acetic anhydride with a 
few drops of pyridine, but wa.s not analysed. 

rhciiokamphorcin -bihijdnde, • 
i d Grams of camplioric auhydridc Mere icated M'ith 7 grams of 
nhonol, to the melt 4 grams of stannic chloride svere added, and the 
lieating Mms continued at lid-ld'r for dglit hours. On cooling 
tlie mi'lt teas poured into water, boiled to drive off the ex<'e.ss of 
phenol, extracted with very dilute potassium liydroxide solution, and 
llllcrcd (tlio filtrate !>eiug treated lor phenolcamptioreiii). dhe 
residue svas extracted willi cldoroform, filtered, and the chloroform 
evaporated off. It was then crystallised from 8t) per cent, acet e 
arid, after hring treated «i(h .animal charcoal, as a dark brown , 
mass melting at liO-l'Jti , It is sol,, hie in ethyl alcohol ether 
ehlorofonu, arctic aeiih or acetone, and lusoliihle m "atei.^ I 
shows green llnoresi'cnce i„ aeelie acid, and, to .1 ye y im, in 
,.,hyl aLhol (Kou,„l: G - TiKi.', ; ll^ti'U. rciumes 

(' ■ 7'J-a4 ; 11 - fi-bS i)Ci' cent.). 
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OH / 

o-Crcsolcawphom 


/ \ 

/ 

OH Me 
OH Me 

\/ \ 

\ / 


Catnplioric anhydride {4*5 grams) and excess of o-crcsol {8 grams) 
wore molted in an oiUbath, and stannic^ chloride (4-8 grams) was 
added. The heating was continued for eight liours at 120 — 

On cooling, the melt was poured into water and sieam-dislillod to 
remove the excess of.cresol. The undissolvod, reddish-brown mass 
was liltered off, ^vashed w'ith water, and extracted with dilute 
ammonia. (In this way a-cresolcamphorein anhydride and stannic 
chloride W'Ore left beliind.) The filtrate, on acidification with dilute 
acetic acid, precipitated o-cresolcamphorcin. For further purifica- 
tion, o-cresolcamphoreiii w as extracted with chloroform, the solvent 
evaporated, and the residue dissolved in ethyl alcohol, boiled with 
animal charcoal, and filtered. The filtrate, on dilution with water, 
precipitated o-cresolcamphorcin as a reddish-brow'u mass melting 
at 78 — 80^. It is soluble in ethyl alcohol, ether, chloroform, 
acetone, or benzene, and sparing!}^ soluble in water. It dissolves in 
alkalis, giving pink solutions, ^vhich change to yellow’' on neutral- 
isation (Found : C = 7o G4 ; H — 7-2. C 2 . 1 H 28 O 4 requires C = 75-7!) ; 
H = 7-37 per cent,). 

The yield of crosolcainphorein was very poor w’hen zinc chloride, 
was used as the condensing agent. 

The rotatory pow’cr was determined in ethyl alcohol at 16" in a 
2-dcm. tube : 0-0242 gram, disselved in 50 c.c., gave Md — + 0-09 \ 
whence [a]y -f 93" and [M]i, — + 353" approximately. 

It is not a good dye. It dyes wool light yellow’ (2 per cent.) and 
dark yellow* (8 per cent.) wfith iron and chrome mordants. 

The diacetyl derivative, prepared in the usual w'ay, was obtained 
as a yellow substance, melting at 68—70", It is soluble in ethyl 
alcohol, ether, chloroform, acetone, acetic acid, or benzene, and 
insoluble in water (Found: C~ 72-32; H 7 - 5 . 
requires C — 72-01 : H 6-9 per cent.). 

The rotatory power ^vas deterniiiiod in ethyl alcohol in a 2 -d(Mti. 
-tube: 0'0540 gram, dissolved in 100 c.c,, gave Xp 4 - 0-072 
whence := -f- 67" and [Mjp 309"' approximately . 

The (/rnromo-derivative was obtained by treating tlic camphorein 
dissolved in ethyl alcohol w'ith excess of bromine. Tlie product, 
purified by precipitating the alcoholic solution, was obtaiiu'd as a 
yellow substance darkening at 120 " and melting at 125°. It is 
soluble in methyl or ethyl alcohol, ether, chloroform, acetone, or 
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benzene, and insoluble in water {Found; C = i33*l- H - 4‘8 
requires C = 53-53; H = 4-83 per cent.). 

O'CresolcampJiorein Anhydride, The 

residue left after treatment with dilute ammonL in tho prepar- 
ation of o-cresolcamphorein was extracted with ether, the filtered 
solution evaporated, and the residue, having been well 'washed with 
dilute ammonia until the washings were colourless, was washed with 
water, dissolved in glacial acetic acid, aiid boiled with animal char- 
coal. The fdtratc, on being diluted witli water, precipitated a riark 
Iwown mass, which melted at 125— 130 ’. It i^s readily soluble in 
ethyl alcohol, ether, chloroform, or acetic acid, and insoluble in 
water. The substance exhiluts a green fluorescence in acetic acid 
solution (Found: C-71M3; H = 7-34. f' require, s 

(1 — 79-55; H == 7-18 per cent.). 

Quinolcawphorp.in, 

CO-0 C6H3(0H)"^ 

A mixture of camphoric anhydride and quinol in molecular 
proportions was heated with excess of stannic chloride at 120—130^ 
for twelve hours. On cooling, the product was washed with chloro- 
form to remove excess of unchanged camphoric anhydride and boiled 
with water to free it from quinol and excess of stannic chloride. 
The residue was di.ssolved in glacial acetic acid, from which it was 
precij)itated, on dilution with water, as a dirty green powder. In 
order to purify it further, it was dissolved in ether, the filtered solu- 
tion evaporated, and the residue di.ssoh'cd in glacial acetic acid and 
precipitated by the addition of watfr as' a yellowish-brown powder 
jTielting at 1L5 — 120 '^. It is very soluble ^ ethyl alcohol, ether, 
acetic acid, or acetone, and sparingly soluble in chloroform. It 
exhibits fluorescence in sodium hydroxide, sodium carbonate, ethyl 
alcohol, ether, and acetic acid solutions (Found : C = 72'6 ; H — 0-55. 
C 22 H 22 O 5 requires C " 72-1 : H ^ 6-01 per cent.). 

Quinolcamphoreiu has very little dyeing property, as no marked 
colour is developed on the fibre ^\ith even 5 or 6 per cent, solution. 


( \itveholm mphor* In . 


)OH 


OH 

OH 


\_ 


>OH 


A mixture of camphoric anhydride (1 part), catechol (2 parts), 
and fused zinc chloride (2 parts) was heated at 140—150® for three 
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to fovr hours. The product was treated with boiling water to 
remove the excess of catecliol, and the residue having been dissolved 
in ethyl alcohol, boiled with animal charcoal and tiltered, the solu- 
tion', on dilution with water, yielded an oil, which was dissolved in 
sodium hydroxide solution and precipitated on acidification a.s a 
dark red substance melting at 128 — 138". It is very soluble in 
ether, cthyl alcohol, acetic acid, acetone, chloroform, or benzene, 
and insoluble in„water. It oxhilhts green fluorescence in sulplmric 
acid solution (Foiin'd : in material dried at 105", C = 68-6; H = 6*18. 
requiros 0 — 68-7 ; H — t)'25 per cent.). 


cj-i. 


OH 


>011 


PMowglucinokainpliomn, ^ 


\-_/ 

OH 


OH 


A mixture of camphoric anhydride (1 part) and plilorogiueiiui! 
(2 parts) was heateii at IfiO— 170” for one to two hours. {'FIk' 
addition of a drop or Ovo of sul])huric acid as a condensing agent 
hastens the Toaetion.) The product, on cooling, was ponxlered, 
washed wtU with chloroform, dissolved in dilute a(pic()us sodimn 
hytlroxidc, and the filtered solution neutralised with dilute liydro- 
cliioric acid, when a very light, colloidal precipitate was formed. 
For further ])urification, it was dissolved in glacial acetic acid ami 
}>recipitatcd by the addition of water as an orange-yellow suhstaiicc 
melting at 215 — 21H\ This ^ery soluble in ethyl alcohol, ether, 
acetic acid, or acetone, sparingly soluble in wxater, and insoluble, in 
benzene or elilnroform (Found : C — G0’05; H - - 54>8; loss ut 
105— IKF - 8-2(). (hoH.>oO-,2H.O requires C - 00*83; H -o-DO; 
H./) - 9'29 per eeiil.)‘“ 


Pi/fUifftKolca hiphtmi u , 


CO-0'^^ ^ 


"oh 

_()H 


uut). 


A mixture r>f campliurie anhydride {1 }»arl) and pyrogalh)! (2 ])arts) 
was heated at 200 for a few minutes; the unit was tlusi c<H>le(l to 
IGtP, and a droj> or two of s^ilphuric aeid added, the heating heing 
continued for three to four hours at llu' lower teinj)erature. Ihi 
cooling, the product was powtiered and wa.^lied first with water ami 
then with chloroform to remove any unchanged camplioric aiiiiydriik- 
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The residue was dissolved in glaeial acetic acid ; ^ tlie oil precipitated 
by the addition of water solidified on rubbing. It was purifiod 
hy boiling in glacial acidic acid with animal charcoaVand was there- 
after precipitated by water as a deip reddish -lirown sub.stance 
melting at 155— InS'h It i.s very soluble in othy] alcohol, acetic 
acid, or acetoni', and insolnl)]o in etlier, ben/xmcL chloroform, or 
water (fAiiind : C=-f)4‘l>; H = (i- 0 ; loss at 105- d 10" ^ 2-28. 
(* 22 ^ 22 ^ 7 requires C = 04-8"); H r)-(ir>; ,H„0 2-21 per 
cent. Found, in iriatorial dried at 105- 110', C’d: 00-78 : ll 5-01. 
f 22 ^ 2 - 207 1 ’t^ouires C — 60-3; K ^ 5-53 per c(;nt.). 

The .substance dyes wool in d(;c[) brown sliiides on cliromium, 
aluminium, tin, and iron mordants. 

The Mm-accfijl derivative^, ])r('parcd in tlie usual nay, is a liglit 
brown substance melting at 02- -94^ It is soluble in acetic acid, 
clilnroform, acetone, or benzene, sparingly soluble in ether or etliyl 
alcohol, and in.soliibic in water (Found: C - (;;.M ; H -■ 5-0-1. 
requires C - - 03-6; H -- .5-30 j)er ci-nt.). 


Titnibroniorcsorci n oica //? phorf in ( ( 'a in ph orf'osi n), 


OH Hr 



OH Bv 


Resorcinolcamjjliorein (1 |j;u't), j)n'pared by Coilie's method 
lor. nV.), was di.ssolved in rthyl alcoliol, and treated with an aleo- 
ioiie solid in]i ol bromine. The {ii'odiu-l precipitated hy water was 
liss())v(‘fl in sodium carbimate solution, precipitated with dilute 
'ulphuric acid, and olitaini'd from etliereal .solution as a reddish- 
yellow powder melting at 133- 135 \ It is .solubli- in ethyl alcohol, 
acetic acid, ether, chloroform, or acrtone, less soluble in benzene, 


and jiradically insojuble in water (Found, in material dried at 105— 
IKo, C---36’4; H - 4-(i7, ^’^-'Quires 0 — 38-7; 

H - 2-()2 per eent.), 


Koptrif/Kni^ on (hr J)iJJi(-'<!(>n p/’/p/oy through Parrhmoit Mi rnhraim. 

An alcoholic solution of phcuoleamplmrein (1 jier cent.) was put 
■'ll a dialyser, v-liieli wa.-; [ilared in a didi eontaining alcohol. The 
alcohol in the outer \essel was renewed every few hour.?. In about 
tliirty-six hours, ih(‘ colour of the .-solution both inside and outside 
tlie dialyser had b*-eom(‘ the same, that is. a state of eipiilihriuni had 
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been reached. In the case of o-(?resolcamphorein, this occurred in 
about forty- eight hours, and in those of resorcinoloamphorein and 
quiholcamphoroin in about seventy- two liours. The dialyser wa.s 
tested with an aqueous solution of Congo-red before and after the 
e X peri men t. In neither ease did any Congo-red pass out through 
the mem.bi’anc. 

Experiments on Staining of Animal Tissues 'with the, Eyes. 

An animal tissue (the tongue of a snake) was prepared as a thin 
section and treated, in the usual way, with an alcoholic solution of 
the dye. Tetrabromoresorcinolcamphorcin took about five minutes 
to produce a good stain, resorcinolcamphorein about twenty 
minutes, and quinolcamphorein gave a very faint colour even after 
staining it for three to four hours, 

The CiiEMic.iL Laboratory, 

Ravenshaw College, Cuttack, 

Bihar and Orissa, India. [lieceived^ May IQth, l'J22.] 


CliXlX.—Ring-chain Tantomerisrn, Part II. TheEfjed 
of the gem-DietJiyl Group on the Carbon Tetrahedral 
Angle. 

By Shankar Shridhar Beshapande and Jocelyn Field 
Thorpe. 

The alteration in the tetrahedral angle formed ))y two of the four 
valencies of a carbon atom by tiic attachment of groups or ring 
complexes to the remaining two valcncie.s has been shown to be 
affected by two main causes : 

(а) The volumes of the attached groups (compare T., 1921, 119, 
300, 9ol, 2001). 

(б) The initial alteration of the angle of any two valcncie.s due 
to their participation in a ring complex (compare T., 1915, 107. 
1080; 1919, 115 , 320; 1920, 117 , 1579; 1921, 119 , 810, 1199, 
1315; this vol., p. 514). 

Hitherto t!io evidence brouglit forward under (a) has been based 
on the behaviour of certain groups, ail of which have belonged tu 
the single-carbon series. Thus, for example, the (/m-dimetbyl 
group had been found to afford valuable information regarding the 
relative effect of complexes of this particular kind {loc. cit.). 

There would be no reasons for supposing that hydroearbou 
radicles higher in the scries would exercise an effect different from 
that of the methyl group were it not for certain facts which have 
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been from time to time recorded and which seem to point to a 
different conclusion. For example, Freund and Fleischer {Anmlen, 
1910, 373, 291) have shown that whereas diethylmalonyl chloride 
reacts with benzene in the presence of aluminium chloride to form 
the substance (I), the corresponding dimethylmalonyi chloride 
gives no trace of the compound (II), Imt yields products of a com- 


(l) 



CO 


/\_ 




CO 


(It.) 


position which shows that no tendency whfttever exists, in this 
case, for the formation of the indajidiune ring. 

The question is an important one, because, if it ^^'cre possible, by 
means of the ^tna-diethyi group or a gew -group composed of hydro- 
carbon radicles higher in the series, to cause the tetrahedral angle 
to be deflected to an extent greater than that produced by the 
(/(OH-dimetliyl group but Ic.ss than tliat caused by the cyclohexane 
ring, certain interc.sting plieiiomena would, in all probability, reveal 
themselves. 

One of these, and the one for which search has hitherto been made 
in vain, is that wdiich ^vould be shown by two substances, one an 
open-chain ketone and the other the isomeric hydroxy ring com- 
pound, which, owing to the fact that the deflection of the tetrahedral 
angle had brought the two carbon atoms attaclied to the valencies 
affected into suitalih' })o.sitioiis, would react in tiie same manner 
as a keto-enol open-chain compound : 


iCH;=c{OJi) 


>C< 


CO 

CH. 


>c< 


C^OH) 

CH 


exhibiting, in other wads, taiitomerisiu of type (C) (compare this 
voi., p. Odl), 

.\o«> it will be ivim-nibered that in the cydohexaiK senes tl>e 
bvdroxv ring acid (lU) r- stable. It Is. for example, unaltered % 
aqueous caustic alkali (see p. U32) and is produced from the 
dibromo-ester {I\') through the agency of strong i)otash. 


(IV.) CVUiolCK 



Br'COjH 


, .,C(0H)d':0,,H 


On the other hand, 
till; opeti-chain xeto-a 


the stable form in the jcm-diinethyl series is 
cid (V), because, not only is it unaltered by 
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•aqueous caustic alkali, but, wlien i;iny attempt is made to produce 
the hydroxy ring acid by the action of strong alkali on the dibromo- 
estcr (VI), the pfoduct consists of theketo-acid (in its hydrated form) 
together with the ethoxy -com pound (VIT).* 




ire,C<^ 


.CHT^i-CO.Et 



■cn-eo;ii 


.f.nxT ^6h-c;o,h 




irc2C< 


,C(OHVCOgH 

CHj-COjH 


(Vil.) 


The formation of .these substances can only be explained on the 
assumption that the hydro]:y ring acid is first formed and that it 
then undergoes tission, through the addition either of Avatcr, or of 
the alcohol formed during the hydrolysis of the bromo-ester, in the 
inamier illustrated above, This view is supported hy the fact that 
if alcoholic potash in used instead of the aqueous reagent the sole 
product is the ethoxy derivative (\TI). Having, therefore, con- 
ditions present in the {/ew-dimethyl series which favour an open- 
chain stnietiirc and in the cyc/ohexane series wliich lead to a stable 
ring form, it is possible to picture a molecular condition due to the 
deticction of the tetrahedral angle to some point between 100^ 28', 
the value in the {/rm-diniethyl series, and 107'^ 10', the value found 
for the ryrlohexane series (T., 1915, 107, 1082), which would enable 
the koto-acid and its hydroxy -ring isomeride to behave as tautomeric 
substances. 

The experiments described in the present -jiaper show that the 
f/fw-diethyl group produces the desired conditions, and that the 
two compounds (VI fl) and, (lXf) are tauloincric in accordance with 
tlie definition of the term given in Paid I (this vol., p. 051), that is 
to say, either individual is eouvei’ted hy a 04 per cent, aquenus 
.solution of potash into an eijuilibriuin inixtun' eoitiposed approxi- 
mately of 38 per cent, of llie ketn-acid and 02 per cent, of the 
hydroxy ring acid. 


(VJIi.) 


Et,C< 


COCOijH 

CHg-CUH 


j,^,,<C(OH).riXH 


(IX.) 


The efiect of the yew-diethyl grou]) eom])ar(al with that of Hie 
yew-dimethyl group in delieetiiig the tetrahedral angle and tlui.' 
increasing the ease of formation and stability of the fyr/opuopanc 
ring is also apparent when the cis- and innts-ionm of 3 : 3-diet liyl- 
r//r?opro}>ane-l : 2-diearboxylic acid (X) and (XI) are compared 


* It fullo\v.s tliat tilt' piTsciU'C of tlie ethoxy-grouji in the a-position favoiiis 
the formatiuii of th(3 I'ing. 'Jliis point emphusised hy exp('rini<’nts nn ttn’ 
luotliyl ethyl derivativc.s by Mr. liulbir Siiigli tviiicli will shortly he pulilisfioJ. 
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witli the coprospoiiding coin pounds of the r/e^n-dimethyl scries 
(Xll). For, wliereas iu tile ditnothyl series fission occurs’ readily 


^ , .CH‘CCUI 
{X.) !-[ 


Et,C< ! 

“ CH-CO^H 


(xl.) 


(XII:) 


OH H 
<CH-CO,H 




0 “ 


CO- 


Mc2C-(:H(C0^H}-CH, 


(Xlil.) 


in the presence of dilute niinerai acid yielding tcrebic acid {XIII), 
the diethyl acids arc, like the similar compounds derived from 
cyc/ohexane, quite unaltiTcd even at a high temperature by con- 
ceJitratcd acid (compare T,, 10 107,' 1001). 

Tlie substances described in this communication were prepared 
from fifi-diethylghitaric acid, (XCH-CHyCEtyCHydO^H, whiejj 
was obtained by Guareschi's method from diethyl ketone and ethyl 
eyanoucetate iu the presence of ammonia. The acid was di- 
brominated and converted into the dibromo'ester (XIV) and the 
corresponding dibroniu-aeid. The dihro/uo-acid is evidently the 


(XiV.) Ei.,C 


/CHBrCO^Et 

^CHJk-CO.Et 


Et.C< 


CHBrCO 

CHBi-CO 


>0 


(XV.) 


fcs'-modilication because, on treatment with acetyl chloride, it is 
converted into the anhydride (XA'). 

The dibromo-e.ster (XIV) can he distilled under diminished 
pressure witliout undergoing decomposition into the bromo-lactone 
(ster and ethyl bromide in accordance with the general equation ; 


CHHrd'O^Et 


CK(C02Et)*0 

'"EHBr CO 


EtBr. 


The ester behaves, therefore, like tlie corresponding dibromo- 
ester in the dimethyl series (T,, 1901, 79, 754) and unlike the 
analogous ester in the cyefohexan(> series, which cannot be distilled 
witliout cliange. This difference in behaviour was commented on 
in the case of tlie dibromo-ester derived from o/c/opeiitanc (T., 
IDih), 117, 1 5S2}, wliieh ivas found to behave more like the dibromo- 
ester in tlie di methyl series than that obtained from eyc/ohexanc 
in spite of its cyclic structure and liigher uiolceiilar weight. In 
fact this property was one of tiiosc advanced in order to show that 
the cyc/opentaiK' d(‘ri\ntii'es conformed to the general hypothesis 
outlined iu the series of C[)iumuiiications on the formation and 
stability of (Sp/ro-compounds. It is, perhaps, difficult to draw 
coiielusions from a reaction vsucli as tills where the oecurreiiee of 
and /W/cy-forms, one of which is most certainly coiueided into 
the other on di't illation, complicates the issue. It is evident that 

vor. rx\T. 
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one form will tend to lose ethyl bromide more readily than the 
other, and the proportions in which the two occur in the original 
mixture cannot Jae controlled. Moreover, any sliglit difference in 
the pressure and speed under whieli the distillation is carried out 
must have a marked effect on the character of the product. 

8till, on broad lines, and elimiivating variables as far as possible, a 
reaction of this kind carried out with substances of similar cosi- 
stitutioii may be considered to afford valuable confirmatory evidence 
regarding general imrlccular structure, and the fact that in the geuh 
diethyl series the dibromo -ester is stable, falls into line Avith the 
general vicav that the effect of the two ethyl gr()U])s compared witli 
that of the two mctliyl groups not only leads to increased stability 
and ease of formation of the ryr/opropane complex, but also affects 
the closing of the live-menibered heteroeyelic ring. This asjjcet is 
also illustrated by the behaviour of the lactone (XVT) and its ester 
(XMl), the formation and properties of which are described in tiu' 
experimental portion. 


(XVL) 


Kt,C< 


CH(CO,>H)-0 

cn(Oii)--co 


KtoC 


^OH(CO,Kt)-() 
— CO 


(XVil.) 


It is of interest to note that tlie hydroxy-lactonic acid (XVf) is 
unaltered by strong aqueous caustic potasii and there is tinis no 
cvideiK'c of tautoiuerism between the forms 

Hydroxy-lactonic acid -Hydroxy ring acid-Kcto-acid, 
proof of the occurrence of AA'hieh was brougltt forward in the case 
of Halbiaiio's acid in Part I of this series (this vol,, p. 051). 

A curious reaction, and oiw u'hich we believe is without jtarallf-l, 
is shown by the CM-acid (X), wliich is not transformed into the 
anhydride when treated with acetyl chloride in the usual niamaT, 
but is converted into the /mas-acid. The only convenient way hy 
which the anhydride can be })repai'L'd is through tlie iraiis-iii-ui by 
means of acetic anhydride at a high tenqierature. 

The experiments deseiilied in this paper show, therefore, that 
the ethyl group deflects the tetrahedral angle to a greater extent 
than the methyl group, but that the effect of two of them is not m) 
great as tluit which is tlue to the tychdiexane l ing. Since it has Ik-cu 
shown tliat one of the causes of deflect ion can be ascribed to thf 
molecular volumc.s of the groups attached to two of the Ciubmi 
valencies, it follows that botli carbon atoms of tho ethyl group cxcit 
an influence bn a carbon atom linked to oiu' of tlaan, and that itic 
effect is not that of a single carTon atom, as iniglit b(‘ supposi'd 
from the usual formula, CHj~ClP“C'. 
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X L* ]■: li 1 M V. y, T A I..’ 

Comknsaiwn vf Dkihyl Kdoat id(h Cyaimctdc Edtr in. Ik Pjmnce. 
of AlcohoUh Ammonia. Vormailou of the I mule. ' ’ 

A mixture of 216 c.e. (2 mols.) of cyiuioac-etic ester anA 80 grams 
(1 mol.) of diethyl ketone was treated at 0" with oOO (,!.c;of alcoholic 
ammonia {saturated in a freezing mixture). Tlie mixture having 
been well shaken and kept for two days at ro;;m loujxTaturo, the 
unchanged ketone ^vus removed by extracting the Idglily diluted 
s<j{ution with ether. The a([iieou8 portioiij on aciditication with 
concentrated hydrochloric acid, deposited czystals of the i/nidc, 
^\)iich were waslicd and dried. The n'lothcr-liquor was evajxmrted 
to dryness and a furtlicr small quantity of the imidi* obtained by 
extracting the anniiuniiim eblor'idc; from the le.sidiK' with the 
theoretical quantity of walei'. The total yield ^^as only 81 grams 
or 37 per cent, of the th(‘oretieid. 

Hydrolysis of ih> Imuh. Preparation of fiT/dhd/yhy/w/arir 
A solution of the imide (To grams) in concentrated ,sul[)hiiric 
acid (22.J c.e.) ^ca.s di]ut{‘d with watcT (4.7 c.c.) and gently heated 
for an hour until carbon dioxidi' ceased to be evolve(l. After 
cooling, 108 c.c. of water uere added and the solution was heated 
under reflux for five iiours. On standir.g, a thick eake of the acid 
foniied on the surface of the liquid. The acid AViUs extracted five 
times with ether, tlm extract dried, and the ether distilled off. 
IToin tlie residual liquid tfic acid crAstallised in long ncedk's. Tlic 
yield of the crude acid was .76 gaam.^ (tluajiy risjuinss 60 grams). 

Dibrominadon of '^^-i-JJifihyhjlalaric Add — The bromination was 
tried under various condition.s. Tiie acid wa,s converted into the 
acid chloride by pi horns peutaeldoride or thienyl eh]orid(>. 
ilrojuine was ir^ed 20 i}er c^nt. iii excc’s.- of the theoretical quantity, 
hi the first few oxperiinent.s tlie reaction wa.s carried out before a 
naked arc light, luU afterwards diffused dayliglit proved to he 
(qually elffeient, with one di.sudvantage, however, that the bromo- 
(•(impound itn'ariably contained in ,su.s[)ension particle.s of sulphur, 
Avhich obviously came from the thionyl chloride. 

i'vVDit.thylgiutarie acid (KKl grams) Avas mixed with J27 gram.s 
(if thionyl chloride ijj a (laister iia.sk ilttial uith a ilouble-smfaee 
Avater condemser. A vitikmt reaetif.iu took place Avitli tlu^ evolution 
of sulphur dio.xide 'lUkI hydrogen eiiloride. TIu‘ aa aier-condenser 
nus then rejduced by the usual air-eoudenser and the flask warmed 
on the steannhatli until no more sulidiur dioxide was generated. 
Iffy hromine (7! e.e.) was then added in instalments to the liquid 
tuiiss, the additiiui (extending over a period of at least six hours. 
The temperature of the batli AA’as kept throughout at 70'’. In about 
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tifteen hours the reaction was finished. The product of the reaction 
(120 c,c.) was poured into 360 c.c. of absolute alcohol with constant 
cooling, and the tvholc licatcd to boiling. The liquid, after standing 
for some time, was poured into 1080 c.c. of water and extracted 
with ether'. Tlic ethereal extract, washed with 2 -sodium carbonate 
to remove the acid product of broraination which is also formed in 
the reaction, and with water to remove traces of alkali, was dried 
over calcium chloride for an hour ; the oil remaining after distillation 
of the ether weighed 156 grams. Tire sodium carbonate washings 
were acidified with liydrocbloric acid; the acid ester, which was 
extracted with ether, weighed 31 grams, 
fJthyl (XIV) boils at mm. 

(Found : Bt * ~ SO flb, Cj^Hg^O^Bro requires Br ~ 39'8 per cent.). 

cL:ii’J)ibrom6-'^'^-diet}iyJglutarlc Acid. — In another experiment on 
the dibromination of [i^-diethylglutaric acid, phosphorus pent a- 
chloride w as used in place of thionyl chloride, and the product of 
bromination was poured into three volumes of 85 per cent, formic 
acid. The excess of formic acid having been removed on the 
steam-bath, the residual liquid wa.s kept over potassium hydroxide 
in a vacuum until no more solid would separate, the motherdiquor 
was drained awvay, and the crystalline mass was washtxl twice with 
a mixture of chloroform and petroleum and rccrystallised from 
benzene, wlien the dibromo-acid separated in thick prisms melting 
sharply at 153" with decomposition (Found : 0 — 31*4; H = 4*0S: 
Br — 46 00, CjHj^O^Br^ requires 0 ^ 31-2; H — 44); Br — 4(>-2f 
per cent,). 

A, Action of Concenimkd .AlkfiU on the Monobromo-acid EAiy. 
Formation of cis- and ivi\n^-^\‘.i-Di(ihylcyvlopropancA:'l- 
dicarhoxijlic Acids (X and XI). 

A solution of 60 grams of potassium hydroxide in 50 c.c. of water 
is concentrated by boiling until it attains a temperature of loip. 
Tw’enty grams of the acid ester are then added as quickly as is 
consistent with safety, and the very violent reaction i.s allowed m 
subside, The tra>i.s*>aeid, prccii)itatcd from the cooled, diliiteil, 
acidified solution, is collected, the tilt rate is extracted with ether, 
and the semi- solid mass which remains on distilling oil the ether is 
drained on porous tile ; the total weight of the ci'ude st)lid oi)taiiu‘(i 
is 6 grams. , 

The solid on the porous tile consists of the rw-acid together with 
a small quantity of the frarja-isomcridc, Their stparation is effected 
by dissolving the solid in boiling wat(U' and tittering (piiekly, when 

* Estimated hy the lime method. Results about 5 per eeiit. too low 
obtained by the Carius method, 
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the ^ran^-acid ^separates art ontco from tho filtrate. The'iiiotlier* 
liquor, on concentration, gives a crop of, the cr^^acid. A further 
crop of the same acid is obtained by evaporatingdbe mothor-liquor 
to dryness and seeding the gum with a crystal of tho cw-acid‘ Tho 
total quantities of the tmns- and ci.s-aeids collected arc' 3'2 grams 
and 2’8 grams respectively, 

trans-3 : ^-DktkykychpropanrA : idkarhoxulk add (XT) is 
fairly easily .soluble in acetone, sparingly solyhle-in cold water, and 
insoluble in benzene or chloroform; it dissolves only slowly in 
dilute sodium carbonate solution. The acid .sublimes when heated, 
and crystalli.scs from boiling water in long prisms melting sharply 
at 240^ (hound : (J — 5R’i ; H = r5;’df (dibasic), by titration 
186. requires C == oS'O ; H 7'.5 per cent. ; M 186). 

The dianilide, of the tran.5-acid wa.s prepared by heating the acid 
with excess of freshly di.stilled aniline at 200° for half an hour. 
On cooling, the solid product was ground with dilute hydrochloric 
acid to remove the excess of aniline and with dilute sodium carbonate 
solution to remove any unchanged acid, and crystallised twice from 
alcohol, from which the aniluk .sejiaratcd in light needles melt- 
ing at 274° with decomposition (Found: C -74'0; H ~ 7'4. 
('.,^11240.^X2 requires (.' -- 7.)'0; H 7d per cent.). 

ciS'3 : \iJ)idh]ilc)’c\{)propanc-\ : 'H-dirarhoxylic acid (X) is ex- 
tremely soluble in aeetr)ne, and is much more soluble in cold water 
than the /mas-acid; hut it rcsembh'.s the latter in being insoluble 
in benzene or chloroform. When heated under rcr!\icecl pressure, 
the acid partly melts ami partly suldimes. For analysis, the acid 
was cry.>tallised from a mixtun^ of acetone and petroleum, from 
which it separated in small prisnujiiu citing at 170° with immediate 
loss of water vapour (Found: 0 = 070; K = 7‘4o, 
requires 0 -- .08 -0; H - - 7’o per e(‘nt.), 

Tk Anhydride, of (k vk’ Acid. —As has been .stated in the intro- 
ductory ])art, the anhydride could not be prepared by the action 
of acetyl chloride on the r/.v-aeid. Four grams of the tr(tn$-md 
M'cre heated in two batches with 20 c.c. of freshly distilled acetic 
uniiydride for six hours at 2o0\ The excess of acetic anhydride 
was removed under slightly reduced pressure, and the residua! 
liquid (list illed at a pia's.'^mv of 27 mm, A fraction, b. p. 140—160°, 
was obtained, hut t!ie (iiiaiitily wa.s too small for redistillatkm.' 
The quantity of (‘arbon fouml oi\ luudysis (vas nboyt 2 per cent, 
too low, due, ('vidently, to tlii' admix(al impurity of acetic auhvlride. 

'The anhydride wni \iUiim\tely (il)tained by heating the ckmd 
'diove its melt trig point umh'r reduec'd pressure, After cooling, the- 
hqaid anhydride was sc^parated from the solid, imchanged ei.s-aeid. 
(The anliydride could utT he obtained by distillijig the ci^acid under 
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reduced' pressure, as .part of tlic c/s-aeid sublimed.) The liquid 
analysed (Found ’ C = 64*08 ; II = 7 '06. (lgH ^203 requires 
C -= 64-3; H -- V'l per eeiit.). 

Tlic anhydride is cxlrcnicly liygroscopic and is readily transformed 
into the ei.i’-acid on exposure to moi.sture. 

A portion of the anhydride obtained by the acetic anhydridt' 
method was poured into water, and another portion into a benzene 
solution of anilinef l;i both these .solvents it di.ssoived, readily in 
the former on gentle warming, and in the latter at the ordinary 
temperature with evolution of heat. The aqueous solution was 
boiled for a minute and gave cry.stals of the r?s-acid after concen- 
tration and rubbing; the atid was identified by the method of 
mixed melting point. The benzene solution deposited crystals of 

tlic an ilk (icift FOoH which was recrvstallised from 

“ CHdd)-NHPh 

alcoliol, when it separated in small needles melting at 102—1!)-1' 
with loss of water vapour (Found ; 0 — 69*4; H — 6'9T. CijHjgOjX 
require.^ (■ tiSdlO ; H — 7'2 ]K'r cent.). 

The uJnV, Et.X'x^H obtained by heating the 

anilic acid above its melting point until water vapour ceased to lie 
evolved. Tlie product was rubbed with dilute s{Hlium earbonati' 
solution to remove the unchanged anilic acid, and crystallised from 
alcohol the anil being obtaiiu'd in small nccdlc.s melting at 12(i 
(Found; (' — 74-2; H 7()3. requires C — 74'i)7; 

H = (i'99 per cent.). 

(B) Ih/droJif^is^oJ ihr Dibromo-c-^lf r (A7F}. 

(i) tbfdrohj^i^ vifh Sodiiun Carbonak Sohdion. Fonnalion 

of thr }-{ ^dro.cijdacfonic Arid (XVI) and ii$ Klltffl Fdfr (XVlil,-- 
Tweiily grams of the dihromo-ester (O'Oo grani-mol.) W(‘re boiled 
with 12r> c.e. of 2.V-sorlium carbonate for twenty-four hours, anv 
unchanged ester was then extract('d with ether, the acpieons pmdion 
was achlified with conca'ntrated hydrochloric acid, and the acid 
solution saturat.od with ammonium sulphate and extracted iive 
times with ether, 'The ethereal extract was dried and the ether 
distilled oil. The residual syni}i, on s^aaling with a crystal of the 
' lactonic acid jirevioiisly nlitaiiied from its ethyl ester (p. 14ll!l). 
gave a .<{‘mi-s*lid mass, which was sjinaul on pnrems tile. The crude 
solid obtained weighed aliotit 3 grams. 

During llie ])roc('Ss of drying the <‘thcrcal extract over (‘alcium 
fidoride a prt eipitatc' was formed, wliich was found to h(' tli(' aeid 
calcium salt of tlu‘ koto-acid (\ ill). 

The hjdroxydadonic ar>d is extremely soluble in water, acetone, 
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or ethyl acetate, sparingly solnhlc in ether, and very sparingly 
soluble in hot benzene. For analysis, it was crystallised twice 
from a mixture of benzene and ethyl acetate, when it sepatated in 
thick prisms, m. p. 148 — HlF (Found: C = i33'5S; H = 6*83. 
requires C — d3'40; H ~ G-03 per cent.). 

The, Ethyl Ester of the Hydroxy -lac tonic Acid (XVII).— In the 
first attempt to prepare the lactonic acid (XMI), tlic syrup 
could not 1)0 induced to solidify even iift(>r keejiing for two months, 
it was therefore esterified by berating on the steam-bath for four 
liours with three times its weight of ethyl alcohol and a few drops 
of sulphuric acid. Tlie acid and the neutral ^esters were separated 
ITS usual. The neutral ostfT solidifFd even without distillation. 

It was crystallLscd fr'om a mixture of rhlorofonn and petroleum 
p 40—00''), when it separated in needle.s melting at 94- -Oo" 
(Found : C - dO'O; II — Til rerfaires C = 57 ’4; 

H -- 7-S per cent.). 

On boiling with 10 per cent, hydrochloric acid for three hour.s 
this ester gives a <(uantitntivc yield of the hydroxy-lactonie acid 

(ii) IhidroIyHs with ConcodmUd MUh. Fonnahonof iz-ArVo-f.'i- 
dhihyhduUtrk And (A’lll) and Ihr Cyclic Hydroxy-ncid (IX).— 
Twelve gram.s of tla' dibiomo-cster are added slowly to a boiling 
solution of 3b grams of potas.dnni hydroxidf* in 43 e.c. of water and 
tlie mixture kept at the lioiliiig j)oii!t until the oil has dissolved. 
After cooling and diluting, any iniehanged ester is removed by ether, 
tiu' solution aeidilied with hvdroeliloric acid and extracted at least 
live times with ether, aii<l (lie (wtract dried over sodium .sulphate, if 
ealcium ehiorifle is iiscsl as tlie drymg a precipitate is formed 

lonsisting of the acid calcium salt of the kctp-acid, The syrup wliich 
ivmains after distilling tlie ether, after rubbing, becomes .semi-sol)d 
in tlie course of two days, 'rhe mass is drained on ]>orou.s tile and 
llu- solid eollccteik tlic yield liring about 3 grams. 

The solid eoi-sisis ehioliv of the keto-aeid together with a small 
,(„antitv of the cvcllr hvdroxv.acid (IX). The separation iseffeeted 
hv mea'.m of dryctlaT. in vlVich tlu^ cyclic hydroxy-aeid m almost 
lusoluhlc. ddu' .scpaiMtiou can also bo efiVeted by hot benzene, 
whkdi dissoiv(‘s the krto-aeid only, _ _ 

y.i<<i<n^UiC/ndyli(larC arid is extiemclv .soluble in water, 
aeetoiu-. (u- (dlu :- fairlv vi^lv soluble in hot benzene 4'i' chloroform, 
and insohihle in pmoxdoum. It erystaliisc.s from benzene or from 
a mixtmv of a<a'tonc and pmrolmim in stellate clusters of necalJo^ 
M.ftrnini: at 135' and naming at 137 -138^ (Found: (. 

Il 'b-S:); M 'diliasic), by tilration - 3(t3. (yijiO.-i requires 
ri : 5:M0: li - [a I cent.: J/ -- 393). 
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■ The $€Mic<irbazone ‘U precipitatetl at* once on mixing aqueous 
solutions of Bemicarbazide hydrochloride and sodium acetate and 
of tho keto-acid'. It crystallises from alcohol in small prisms 
molting at 181" with sudden decomposition (Found : N = 16-08. 
requires N = IG'2 per cent.). 

The keto-acid forms a soluble neutral calcium salt and an insoluble 
acid calcium salt. The latter, like the acid potassium salt of tartaric 
acid, is precipitated from a solution containing equivalent quantitfes 
of the neutral calcium salt and the keto-acid (Found : Ca ~ 8‘3. 
CigH^gOjQCa requires Ca — 9*0 per cent.). 

3:3- Diethjkycloproixin - 1 - oi - 1 : 2 - dicarboxylic Acid (IX). — 
Sixteen gram.s of the dibromo-ester are poured as quickly as is 
consistent with safety into a boiling solution of 56 grams of potassium 
hydroxide in 48 c.e, of water. After heating for two minutes, 
cooling, and diluting, any unchanged ester is removed with ether, 
and the aqueous portion is acidified with hydrochloric acid and 
extracted five times with ether. The extract is dried over anhydrous 
sodium sulphate, and the ether distilled off. The residual syrup, 
on rubbing, becomes semi-solid in the course of a day. The mass 
is spread on porous tile, and the solid collected. The yield is about 
4 grams or 50 per cent, of the theoretical. 

Tlie solid consists of about 3-5 grams of the cyclic hydroxy-acid 
and 0'5 gram of the keto-acid. The separation, as stated in the 
previous experiment, is effected by means of dry ether or hot 
benzene, in which the cyclic hydroxy-acid is almost insoluble. 

Z : S-Dicihykyc\opropanol-\ : '2-dicnrboxyUc acid is fairly easily 
soluble in cold acetone, moderately soluble in hot water, aiul 
insoluble in chloroform. It ci^ystallises from water or from a 
mixture of acetone ant^ benzene in plate.s melting at 199—200 
(Found: C=53’3; H — O’li; M (dibasic), by titration - 2o2. 
requires C — 53-4; II — 6-93 per cent. ; M - 202). 

The acid docs not form an acetyl derivative. After heating with 
excess of acetyl cliloridc on the steam -bath, the acid was rccov(Tcil 
unchanged. Benzoyl chloride also has no action, The presence 
of the hydroxyl group therefore could not be dii’cctly established, 
although the analyses of its ethyl ester and the dianilide clearly 
prove that the acid cannot have lactonic structure. 

The peculiar property of the inactivity of the hydroxyl group 
shown by thi^ acid is also displayed l)y otlier acids of the sanu* 
type, for example, cyclohc'iihncspiracyrloprapxnn]-'! : 3-dienrboxylic 
acid (T., 1915, 107 , 1080) and n/c/opropanol-l : 2-dicarl)oxy]ic acid 
(T,, 1921, 119 , 305). 

The ethyl ester doo.s not react with ^Miitrobcuizoyl chlori(l(‘ or 
phenylcarbiniide. It is imped to prepare acetyl and benzoyl 
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derivatives! by Balbiano’s method {Ber., 1804., 27, 2133; 1895 28- 
2151, 2105). . , - , , , 

The dknilidc, prepared Iry heatialg tl,e 

acid with a .slight excess of aniline at 200 ^ for forty-five minutc.s, 
crystaljiscs from alcohol in needles melting at 182® {Found : 
0~7i-3; H — 6 ' 68 . C 21 H 24 O 3 X 2 requires C-Tl-O; H = 6 \S 
per cent.). 

The efhfjl ester is prepared by heating tlio acid under reflux for 
four hoims with three times its weight of absolute alcohol and a 
few drops of sulphuric acid. The product is iv)ured into water and 
extracted with ether, any unchanged acid or acid c.stcr is removed 
l)y washing with dilute sodium carbonate solution, and the neutral 
c.stcT which remain.s after evaporating the ether is distilled under 
diminished pressure. It boils at 180— 184®/25 inin. (Found ; 
C — ()0'3 ; H — 8-3. 013112205 requires C — 60-46 ; H — 8*5 
per cent.). 

The ester dissolvc.s in cold concentrated hydrochloric acid, but i.s 
fpiantitatively hydrolysed to the cyclic liydroxy-acid on boiling 
the solution for two minutes. 

Equilibrium Mixlurp of Ihi Kflo- and (he Ci/cUc Hijdroxy-acidsr 
A.s ha.s been .stated in the introductory part, either the keto-acid 
or the eyclie hydroxy-acid i.s con^■erted i)y 61 per cent, aqueous 
jjotassium hydroxide into an equilibrium mixture composed approxi- 
niately of 38 per cent, of the keto-acid and 62 per cent, of the cyclic 
liydroxy-acid. The cquihbriui]i i.s independent of the amount of 
alkali used and of the duration of heating, but is attained only after 
a delinito time. 

The method adopted of cfl'eeting the tautomeric change and of 
determining the proportion (d the tautomers in the reaction mixture 
\\i\s as follows. Either of the acids was boiled with 64 per cent, 
aqueous ])ota.ssiuTn hydroxide for dift’erent lengths of time. After 
cooling, diluting, and acidifying, tlic jirocluet was extracted with 
ether, and the solid rqeowTcd frojn the dried extract was weighed. 
Owing to the high temperature (al) 0 ^e 160') at which the reaction 
was carried out, the formation of a slight amount of decomposition 
j)ruduct.s was inevitahhx Neverthcles.s the cyclic hydroxy-acid in 
the reaction mixture could l)e i.'^olated by taking advantage of its- 
insolubility in dry el her. and the keto-acid in the ethereal filtrate 
could he se])arated in (he form of its semiearbazone by boiling oil 
the ether, dissolving (he ix'.ddual cj-yslalline ])roduct in the least 
amount of water, aiul adding a slight excess of an aqueous .solution 
of semiearlm^ido hydrochloi'ide and sodium acetate. Tiie cyclic 
lydroxy-acid and the semicarbazono of the keto-acid were then 
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dried and weighed, and from the weight of the latter the’ equivalent 
weight of the keto-acid was calculated. 

Theiollowing’are the values obtained in an experiment in which 
the heating ^\'as continued for ten minutes : 


Gram of 
arid 


Inilial acid 

mixture 

Hvdi'oxy- Semicarb- 

Eqiiiv. of 

Hydi'Oxy.Rf'id 

(O'U gram). 

oblaiticd. 

acid. 

azone. 

keto-acid. 

Kcto-aci<l* 

Hydroxy-acid... 

04:, 

O' 2,) 

O' 10 

01 5 

62-") : 37-."i 

Kc to -acid 

040 

0-21 

01 7 

O' 13 

01-8 : 38'2 


Imperial College or Science and Tecunologv, 

South Kensington, S.W. [licccifcd, Jirnc 1-sL 1022. j 


CliXX.— The Intemdlon of Sodium Chloride and Silica. 

By Francis Herbert Clews and Heoii Vernon Thompson. 

In 1809 Oay-Lu.^sac aiul Thenard {Arcufil Mem. Phj/s., 1809,2. 
339) reported that silica and sodium chloride react in the presence 
of water vapour to give hydrochloric acid and sodium silieat(‘. 
They noted that no reaction occurs at a white heat in the (‘om])lct(' 
absence of moisture, althouLdi sodium bromirle and iodide aiv 
decomposed unrhu’ similar condition.'^, and Selu'iiiliein (/Vf/g. H/O'o, 
18-1:9, 78, ol7) eontirmed tliest^ oliservations. i)e Lande e.ixl 
Prud'homme {IhAl. N'or. chim.. 1S72, 18, 290) and Seluiltze (./. /-o 
Chon.. ISSO, [ii], 21, 107) observed the formation of ebloriiu' and 
sodium .silicate in dry oxygcai, but (Jorgeu {('ompl. ISMi. 

102, 1164) noted a slight reac-'Ron between .sodium chloride ami 
.silica in both dry and moist air. He stated that with kaolin lla rc 
was a more vigorous reaction, chlorine and hydrochloric' acid bein'.; 
evolved in dry and moist air iTvpectively, and a similar t)))>{Tvatii'ii 
was made by de Sande\ al {('ofnjit. rt-nA., lSt>3,116, 641). Fnrtlic!- 
morc, numerous patents for the ])ro(luction of sodium caibnnaic 
have been taken out which involve (be initial decoinjuisitioii "f 
sodium chloride by silica in llu' ])rescncc of moisture (l>rit. Pat. 
8386, 1840; ll.m 1817: 2n.7th ls62; 2121, 28nl, 1S67; 11492. 
1887). 

Altlioutfh the facts ni'e so wtdl known, ipiparently no ncords hevr 
been left of th"" temperature at wliieb react inn occurs nor 1 la' qucnii- 
tie.s of the prodiuts obtained. In view of the daily nccnireiur it 
flu' reaction in such processes as salt-glazing, enkiiig sally cna'-. 
and oliloridising roasts, in all of which .sodium chloridn. inoi>iiu‘r- 
a?id siliceous materials can interact at a high temp('ra(u»i;, it v.O' 
decided to undertake a cjuaiititativc investigation. 
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E X p'e E I M K N T A L . • 

The heating clonieni consisted of a niehh>nie-\VDUri([ silica^ tuhe 
tlie temperature of M'hich was eontmllod to 10^ hy an adjustable 
resistance and measured by a platinum-platiiumMiiodimp tjiernio- 
coiiple. Tlie reactions were carried out in silica tubes, lived liori- 
zontally through the furnace, tlio mat('i‘ia]s being introduced in a 
platiiiuni boat. A pur'iti('d stream ot the requisite gas,* eitlier dry 
or moist, wa.s passed througli the tub(\ and ♦the products of the 
reaction were absorbed in U Tubes containing moistened fragments 
of silica. The hydrochloric acid and chlorine were estimated vohi- 
metrically in the washings from the U-tul)es. Preliminary evi)eri* 
iiients .showed that consistent results could orily be obtained when 
the rate of flow of gas was constant and reproducible. The velocities 
mentioned in individual experiments are mean values, as also arc 
the temperatures. 

Li duplicate or romi)arativc experiineiits under otherwise similar 
conditions two tuijcs wen^ heated side by side and the same stream 
of gas was pa.s.^('d tlu'ough them to insure tlie .same rate of flow in 
each tube. Although all sources of divergence in duplicate c?qx'ri- 
inent.s were oliminatetl, where possi))l(‘, closer agreement than 
l-d c.c. of A'/lOO-hydroehbuic acid eoiild not be obtained- -a 
quantity miieb greater than the error in iiidividual titrations, 
llefore every experiineut the tubes were cleansed and tlioroughly 
{Iried— a very neees.saj'\- prc'caution : new tubes ga^ e results siightly 
liigber than the average, henei' such values were negleeled. 

Pnxhicf-'i ((lid Coufxr Ri action. 

The fallowing products were ol)srrv(‘d according to the experi- 
mental conditions : 

j. In dry air : chlorine, sodium silicate, and a very small quantity 
of bvdroclilorie acid, which jirobably arose from traces of moisture 
introduced during manipulation. 

ii. In moist air : b} druclilorie acid, sodium siHeat-e. and a little 

elilorine. ^ - 

iii. In dry nitrogen : traces of hydrochloric acid alone (>/m i). 

iv. In moi.st nitrogen: hydrochloric acid ami sodium siheatc 
ahme. 

'Hie reactions may he symbolised as follows:-- , 

(r'l 4,r\a(1 - ySiip - .r(b ^ ^ :lrXaT),/^i( b ;• -.d'L 

(A) 2,rXa(T -■ //Si().^; x\\,0 .rXa,().ySi(b :-2Ti('i. 

(e) Hiri ih . g'lpo ; '2('L _ 

In mo jT: a ir, the production of chlorine iuu''t 

to reaction (e- '.s well as to reaction (u), siiifc on pas.singai?, c laigcc 
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with hydrogen chloride and water vapour, through a silica tube at 
1000® appreciable quantities of chlorine were formed. 

It follows from the above equations that the sum of the hydro- 
chloric acid and chlorine produced should be equivalent to the alkali 
in the sodium .silicate, but all attempts to show this experimentally 
failed. , The friable and alkaline residue in the boat was djge.sted 
in the washings obtained by repeatedly steam ing-out the tube, but 
on titration the amount of alkali indicated was always much less 
than the amount of iiydrochloric acid and chlorine produced. The 
apparent anomaly may be due to llic low solubility in water of the 
.sodium silicate, formed at a high temperature, and Peddle (J. iSV. 
Glass Tech,, 1920, 4, 10; also compare Blanc and Bazille, Brit. 
Pat. 83S0, 1840) has shown that soda-silica glasses containing more 
than 72 per cent, of silica arc only partly soluble in water. Thi.s 
conjecture was confirmed by heating an intimate mixture of 
0-0o3 gram of dry sodium carbonate and 2-0025 grams of ignited 
silica in a platinum crucible for twenty-four hours. When coni, 
the mixture was digested with water and titrated boiling; 53-2 c.c. 
of xV/lOO-hj-^drocliloric acid were required against a calculated 
volume of 100 c.c. The volumetric estimation of the alkali produced 
was therefore abandoned as a measure of the extent of the react ioji, 
and reliance was placed solely on the yield of gaseous prodiict.s. 

Sodium Chloridc-SiUcn Mi.rture.^Xn intimate mixture of sodiani 
chloride and silica was prepared by evaporating to dryness a sample 
of sodium silicate with concentrated hydrochloric acid and dryii!;: 
the residue at 120®. The mixture had the following composition , 
HoO, P58; SKX 50'0(); XaC!, 47-S5; AUG^, 0-14; Fe 2 O 3 ,* 00 r); 
MgO, 0-0l>; total 99-75 per ceqt. and, unless otherwi.^e stated, it 
was used in all the succeeding experiments. 

Magnitude of the Rfaction. 

Although some of tlie products arc volatile, only a .'flight rcadimi 
occurs even in the region of lOOUy lait as the vapour ]>rc.<siin' d 
sodium chloride is apfU'eciahlc at this temperature it is l)cing (na- 
tinually volatilised into the colder jiortions of the tube, wlicic it 
can no longer react. The maximum reaction wa.s observed when 
3-0 grams of the .sodium chloride-silica mixtui'c were heattd at 
KXKP for thirty-six hours in a stream of moist nitrogen; 53-7 v.v. 
of A"/10-hydrocli]oric acid weri' formed, corresponding to a deeoiit* 
position of IS‘74 ptu- cenff {)f the salt, 

KJpet of Ii(tlr f)f flou\ 

One gram of sodium chloride-siliea mixture (pr('parrd h ^n iixiiig 
equal quantities of dry sodium chku-ide and igniteil, pfeupilatti 
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silica) was. heated in moist uir (saturated at room temperature) 
for six hours at a mean temperature of 1004'" iii tubes 0—10 mm. in 


diameter. 


, 


Hate of flow, c.c, per hour 

HCl, c.e. of AT 100 

Chlorine, c.c. of AVIOO 

(TL.. i 

3u:> 

7tM 

3-7 

.11 _ _ 

8S 

42aj 

b4o 

20 

130 

not 

estimated 


The hydrocliloric acid and chlorine were estlinated in the ])roducts 
from simultaneous experiments, 


Tcmpemliire. 

One gram of sodium chloride - si I iea juixture (eonlainine 1-58 per 
cent, of combined A\atei') was lieated in each case for six hours in 
dry tair. 


Kate of flow 112 o.e. ]>er' iiour. Kate of flow 88 c.e. per lionr. 

Tubi'S 111—20 inni. iih diain. Tii))es 0—10 mm, in, diujii. ' 



C.c. of A'/ 


C.c. of A’/ 


C.c. of A' ^ 


C.c. of A' 

Temp. 

lUO-HL'l. 

Ti'inp. 

100-IICl. 

Temp. 

loo-IlCl. 

Tem[». 

10(1- HCl.' 

104.^1^ 

41-7 

7S4^ 

0'2 

1047’ 

3()'2 

82s ^ 

9 1 

]OlO 

2o-r> 

727 

7 1 

10(10 

10-7 

773 

S-3 

i);io 

2r)-i 

U77t 

;C7 

947 

IG'4 

(UOt 

8-0 

880 

827 

l.TG 

10-2 

777 

3-3 

900 

11'3 

709 

6-7 


In these experiments the aniount of chlorine produced wa.s very 
small [vide supra] and no se]jarate estimation of it was made. 
H(ove^ver, as in the subse(|uent titration the chlorine is reported as 
an equivalent amount of hydrochloric acid, the yield of acid can 
safely be taken as a im^asme of (he total reaction. Both sets of 
valuc.s show the .same geneial form and indicate a marked increase 
in the nmetions slightly abuve lOOOt The temperatures marked! 
were tlie lowest at which alkalinity was noticed in the solid 
leddiie. 

't'he acid produced at the lo^vest temperatures, without corre- 
speiiding alkalinity iif the residue, represents either the zero error 
of the ex]H'riments or is derived from traces of acid retained at 
l-O"' (the temperature' <4 drying) by the .‘-odium chloride-silica 
mixture. The lower tein[)c3'atui'e limit of tlu’ ^'action can there-. 
foH' lie lixed between (ifo and oT.V, but at much higher temperatures 
it is still very feeble. 


Efp cf of Moisfurc. 

One gram of the sodium chloride- silica mi.Murc was jieatcd for 
six liofP^iider otherwise identical condition.s (a) iji dry air and (6J 
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in moist air'saturated at room toinperaturo. llatc of flow 88 c.c 
per liour tlu'oiigh Ui1)os 1) — 10 mm. in diamotor. 



Dry Air. 
C.c. of 

Moist Air. 

C’.e. of 


]Jry Air. 
C.c. of 

Moist Air. 
C.c. of 

Temp. 


A'/lOO-HCl. 

Temp. 

W/lUO-HCl. 

Nimnci 

1 04:)" 

:io.2 

lOQ.n 

loV 

8-:r 

i2:i 

lUUU 

pi- a 

70' 1 

7 US 


40-0 

U47 

Uh4 

4.7. 9 

C4U 

8-U 

8-r) 

{lUU 

S2S 

\4-\] 
tM 1 

:U';j 

27' j 


U-7 

7-8 


EJJal of Pi'oporf'ion,^ of Sodium Chloride and Silica. 

Experiments similar to the above, with mixtures containing 
varying proportions of sodium cliloritle and silica, proved that tiie 
area of contact of the reacting substances (XaCl, SiO^, H^O) is of 
greater moment than the composition of the inixture unless the 
proportion of salt be reduced much below bO per cent. By distribut- 
ing 1 gram of a bO per cent, mixture between two, instead of one 
platinum boat, the yield of J^'/lOO-hydrochloric acid increased from 
4‘2‘0 c.c. to GO'3 c.c. under otherwise identical conditions. 

Piill^^ical Efja'l of Sodium ('hloride on Silica. 

After a tube had been used several times it usually disintegrated 
and the inner surface had assumed an opar|ue white colour : as a 
specimen of this insoluble coating contained very little sodium 
oxide, it ap]:)eared to be silica iji a dilferciit physical state rather 
than a sodium silicate resulting from the reaction. JVeliminarv 
work showed that, ^^■lleu hcat^'d with sodium chloride, a ra])id 
n.'duction in tlie dtursity of (juartz occurred iinder conditions wliere 
the effect of heat alone ])rodue('d but a slight decrease, conse(|Uently 
furtluT determinations wi-re mad(' under more aceurat('ly controlled 
conditions. 

(1 round (juartz was luailed at ioPO' y 20' in a i)Iatinum crucible, 
and the density determined after ('aeli period of lu'ating. 'flie 
rcsiiks on heating with and without sodium ebioride arc tahulated 
below, densities being r('fei'red to water at 4"’. 


Period of heating 
(i lours) ^ 
u 

-r.t 

4^'-; 

ol] 

71).^ 

i2nl 


Jh'usily. 

’Without .sodiuiu 
ciilorido. 

2 i;:M t U'2 ) 

2-li2J (14.1 } 

2-U27( ms' ) 


2-02;i (13'7') 


With .sudiutn 
(‘hloridt*. 

'2-m ( !1.2 ) 

2-:jl7(U h ) 

2-2S.-) (141 ) 
2-2S4 (b^) 
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This reduction in density cannot lie due to an/ apprccialjle 
c'licinical reaclion, as is shown ])y the sliglit diffcix-ijces lietwecn the' 
following analyses of the initial and iinal spcriniens. ‘ 

Density, Loss. SiO,. ALO.,. Lc.U,. TiO,. CaO. :^Io(), )<_.(). hVaalA 

:J-G34 0-13 9y-r»2 0']2 O-O-l <0'(il OOi; <(j.{il o■]4 lOo-Ki 

t!-2S4 n.d. U[J'28 U-20 (J-OA <0-01 O'Oy O-OS (jdl 

* Copstitiiorils reported as loss lliiin 0-01 cent, arc not included. 

On microscopic examination, the crystals tecrc seen to occur in 
aggregates, in the form of rod.s, wedges, aiid tkin hcxagtmal j)lates 
viith well-defined Ixjundaries and appreciable^ double refraction. 
4’he refractive index for sodium liglit by fjcekes method was foimd 
to be sliglitly lower than 1'478 (17'30^ 

The effect of calcination on the density of ((uartz was noted by 
H. Rose {Pogg. Ann., IHdO, 108 , Rl), and 0. Ro.se (/>c/., 1809, 2 , 
988} disco vert'd that the (juartz had been coiiverttd into another 
crystalline modilication and nut into amorpiious silica, as had been 
suppo.scd. More recent work Ity other olj.s('r\'crs and, in jtarticular, 
by Fenner (Rater. J. Sci., 1019, 36, 331 J lias .shown that, under 
(tpproprialf. condilion-s, ([uartz, at or abijut 870'b is converted into 
triilymite. Fenner's con.-^tants for tridymite are d — 2'270, 1'471 

at (mean value), whilst Mallard {Bull. Soc. Min., 1800, 12 , 101) 
gives 2'28 and 1'477 for the naUiral mineral. Hence the values 
recorded in this investigation clearly indicate that at 1000^ (piartz 
is converted into trid 3 miit(‘ in the presence of sodium chloride. 
I'arious observers have hmnd that under the inlluence of ccitain 
substances, fur example, lithium and potassium chlorides, vanadic 
acid, tungstates, or phosphati'S the inversion of ({uartz to tridymite 
occurs at temperatures at ^^'hicll licat alone lias no effect, or only 
acts very sl(U\l\’. The function of fticse sulistanccs has been likened 
to that of a catalyst (Fenner, loc. rif.. 334. iilO), but it is improbable 
that the action of tlie sodium chloride is .striclh' catalytic, since 
it was found that unle.ss enough salt was present to form a molten 
layer above the rpiartz the I'ate of reduction in de?isity was greath* 
rt'tarded, for example, \vitli relatively .small (|Uantitjes of sodium 
chloride, after twent/four hours' heating the density liad fallen 
to 2Rr)l, and after jforty-live Imiirs to 2'41S, as compared widi 
2'317 and 2’28r) when excess i)f .-iodiuin chloride was u.sed. 

The evidence suggests tiiat the eonvcisieii is elleeted by actual^ 
solution of the quartz in the iiudten sotlium eliiuridc and recrxstal- 
lisation in tlie funii of tridymite. 

inJhioiCi oj tin Phij-Aad Slah. oj llu Sibca. 

Dry uO per cent, mixtures of (u) quartz, (,(/) preeipitated silica, 
^md (r^w^ij^yinite were u^ule with sudium chloride. One gum o 



1448 THIS INTERACTION OF SODIUM CHLORIDE AND 'SILICA. 


the respeciiw mixtures was heated for six hours ii) moist air at . 
1003“ : the rate of ilow was 88 c.c. per hour tiirough tubes 9 — 10 upu. 
in diameter. 

QuaL'tz, Precipitated silica. • Tridymite. 

r)0-5 42-0 38-8 c.c. of AVIOO-HCI. . 

As tridymite is the most stable form of silica at 1000“, it should 
be tlie lea.st reactive. Since precijiitated silica is readily converted^ 
by heat alone into tridymite (Day and Shepherd, J. Arner. Ckem. 
8oc., ltK)6, 28, 1089), and presumably still more readily in the 
presence of sodium chloride, its reactivity should be comparable 
with that of tridyndte. Quartz, being unstable, but only slowly 
converted into tridymite at 1000“, should S'ho\v the greatest 
reactivity. This deduction is entirely confirmed by the results of 
the foregoing experiments. 

Sinnmari/. 

1. The interact ioii of sodium chloride and silica, under various 
conditions, has been investigated up to 1000“. The react ioiis 
involved are : — 

(а) 4.rNaCl + ySiO^ -f •r02 — 2.rXa20,^Si02 + ^.rCh. 

(б) 2jXaCl + ?/Si 0.2 -b :rH 20 - + 2.rHCl. 

(c) 4H01 + O 2 - 2 H 2 O +**2012. 

Reaction (a) occurs in a current of dry air, (a), (6), and (e) in moist 
air, and (6) in moist nitrogen. 

2. In moist air reaction [b] predominates. Up to 1000“ the 
magnitude of the reaction is very small and is jnst discernible at 
about 600“. Rise of temperature and increase in tlie supply of 
moisture increase the magniLudC of the reaction. 

3. The proportion of sodium chloride has only a subsidiary effect 
on the magnitude of the reaction, the important factor being the 
area of contact of the reacting substance.s. 

4. Sodium chloride at 1000“ converts (piartz into tridymite,^ 
probably owing to .solution and ^^crystallisation. 

0. Of the different varieties of silica investigated, (juartz, pre- 
cipitated silica, and tridymite, quartz is the most reactive to sodium 
chloride at 1000“. 

are indebted to our colleague, Dr. Alex. Scott, for assistance 
i*" " "'c microscopic examijiaiioii of the tridymite. 

C. .MIr,TliY DeP.^RTMENT, • 

CE.NTIi U. SCHUUI. OK SCIENCE AND TecHNdT.OGY, 

Ktoke-un-Thent. [lieceivcd, May I922.J 








